Assessment of compost and oyster mushroom production from cotton stalks as an additional income to cotton farmers in Wardha district of Maharashtra
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ABSTRACT 

A study was conducted in Wardha district of Maharashtra during the period 2016-18 to assess the impact of ICAR-Central Institute for Research on Cotton Technology (CIRCOT) technology of compost and oyster mushroom cultivation using cotton stalks on bringing additional income to farmers. The villages selected for the study were Godavari, Tekoda, Palasgaon, Digras, Amgaon, Kadki and Pavnoor. The awareness was created among 145 cotton growers about these technologies in 2016, while 56 farmers were selected and given training in 2017 at the Ginning Training Centre (GTC), ICAR-CIRCOT, Nagpur. Data was collected from 50 respondents by personal interview method to assess the impact of compost and oyster mushroom cultivation among the farmers. The results showed, the farmers were well aware about the advantages of compost and oyster mushroom cultivation for additional income generation. The farmers preferred to use compost in their own field than selling owing to enhancement of soil health and savings in cost of cultivation. The mushroom cultivation was preferred by the farmers for its income generation. Farmers earn Rs. 1000-3000/- and Rs. 4000-6000/- per acre by utilizing the cotton stalks generated per acre for production of compost and cultivation of oyster mushroom, respectively. The major constraints faced by the farmers were unavailability of chipper machine, decomposer culture for composting and spawn for mushroom cultivation from private/other institutions other than government agency. The other major constraints are the poor marketing channel and lower participation of women in mushroom cultivation.
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1. INTRODUCTION 

In India, cotton crop is cultivated in 12.00 mha producing 5.00 mt of lint (Ministry of Textiles, Govt. of India). The major left-over biomass after harvesting cotton is the stalks and about 2-3 tonnes of cotton stalks are produced from 1 ha land.  It is estimated that, about 25 mt of cotton stalks are generated annually [1]. Most of these stalks are burnt in the open field which emit greenhouse gases and results in air pollution. Cotton stalks contain hollocellulose (67-70%), lignin (24-28%) and ash (6-8%).  Considering, its chemical nature, cotton stalk finds its uses in various industrial applications such as particle boards, paper and pulp, corrugated boxes, briquettes, pellets, bio-ethanol etc. These technologies require huge investment with approximately Rs. 15 lakhs (for 3 Tonnes Per Day (TPD)) for pelleting plant, Rs. 45 lakhs (12 TPD) for briquetting plant and Rs. 15 crores (20 TPD capacity) for particle board plant [2]. The logistics including collection, transportation and supply of cotton stalks for these applications need skilled manpower, energy and cost [3].
The indiscriminate application of chemical inputs in the past resulted in deterioration of soil, plant and animal health.  The practice of organic matter recycling in the farm has declined the organic carbon level in soil. The organic carbon in the soil plays vital role in balancing the availability of primary, secondary and micronutrients to the plants. Unlike leguminous plants, the cotton crop does not fix the nutrients into the soil. Hence, the recycling of crop wastes is essential in cotton cultivation. The best way to bring back the nutrient into the soil is composting. The application of compost in the soil enrich the soil with nutrients, microbial population and increase the organic carbon level. The physical, chemical and biological properties of soil will improve by application of compost [1]. 
The recommended dietary allowance of protein intake for a healthy Indian adult is 0.83 g /kg of body weight/day; however, the present intake is just 0.6 g which is much lower than the recommended level [4]. Mushroom is an excellent vegetable source of protein, minerals and vitamins. The protein content in oyster mushroom ranges from 20 – 25 %. At present, the per capita consumption of mushroom in India is just 30 – 40 g/year while it is 2 – 3 kg in US and Europe. The oyster mushroom (Pleurotus sp.) can be easily cultivated in the agro-substrates (paddy straw, wheat straw, cotton stalks etc.) under subtropical conditions and this could be an alternative source of protein for rural masses [5].
In the era of climate change, the major constraints in the farming are erratic rainfall, biotic and abiotic stresses, market instability etc. which pose threats to farmers on high input cost, soil fertility deterioration, environmental pollution, low productivity and low income. Specifically, cotton cultivation suffers from low income, soil fertility deterioration and environmental pollution in the Vidharbha region where cotton is grown as a sole rainfed crop. The crop failure due to environmental (biotic or abiotic) factors levy a huge loss to the farmers as they do not have any other option to balance the loss. Hence, a substitute farm related activity has become unavoidable circumstance in the present farming practice. On the other hand, farmers are burning cotton stalks in the field which causes soil fertility deterioration and environmental pollution that needs attention in environmental perspective. 
ICAR-CIRCOT, Mumbai has developed technologies such as preparation of bio-enriched compost and cultivation of oyster mushroom in cotton stalks for its on-farm utilization.  This technology does not require logistics and heavy investment so that farmers can easily adopt and get additional income apart from farming. The practice of composting and oyster mushroom cultivation significantly brings down the air pollution that arise due to crop residue burning [6,7]. The present work aims at training the farmers on utilization of cotton stalks for cultivation of mushroom and preparation of bio-enriched compost in the Vidarbha region of Maharashtra and to assess its impact on bringing additional income among the farmers.
2. material and methods 
The study was conducted in Wardha district of Maharashtra. The villages selected for the study were Godavari and Tekoda (Asti Taluk), Palasgaon, Digras, Amgaon and Kadki (Selu Taluk) and Pavnoor (Wardha Taluk). The study was conducted during the period 2016-18 in which awareness program was conducted in 2016 in the respective villages while training program was conducted in 2017 on compost production and oyster mushroom cultivation using cotton stalks at Ginning Training Centre (GTC), ICAR-CIRCOT, Nagpur. A schedule was prepared to collect the feed-back from the farmer trainees. In the schedule, 20 and 15 questions were structured for compost and oyster mushroom, respectively to analyse their perception on these technologies. The ex-post facto research design was employed in the present investigation. Fifty farmer trainees were selected for the study. The data was collected through personal interview in 2018 using the schedule. The collected data was analyzed with help of suitable statistical test like frequency and percentage for advantage, constraints and additional income.
3. results and discussion

3.1. Awareness and training programs
A series of awareness and training programs were conducted in the years 2016 and 2017, respectively. The awareness programs were conducted at the selected villages of Wardha district of Maharashtra. The objective of the awareness program was to motivate the farmers to generate additional income through cultivation of oyster mushroom and compost preparation. The protocol involved and the advantages of the technology was briefed among the farmers. The awareness was created among 145 cotton growers about this technology. The one-day training programs were conducted at GTC, ICAR-CIRCOT, Nagpur for the 56 selected farmers (Figure 1). A hands-on-training program was given to farmers in which first half was dedicated for compost demonstration and second half was dedicated for oyster mushroom cultivation. The compost preparation was demonstrated using one tonne of cotton stalks while mushroom cultivation was demonstrated using five kg of cotton stalks. In each training, care was taken to provide hands-on-training for individual farmer. The compost preparation method such as addition of ingredients, decomposer culture addition, heap formation and methods to maintain moisture and aeration in the compost heap were practically demonstrated to the farmers. While, in oyster mushroom cultivation, practical demonstration was given on seed bed formation, addition of spawn to seed bed, hanging method of oyster mushroom cultivation and maintenance of growth conditions for mushroom. In a similar study, farmers were given training on organic vegetable production at Kumaun hills of Uttarakhand [8]; organic cultivation practices in Haryana [9]. 

Figure 1 Awareness and training programs conducted for the farmers
3.2. Advantages of cotton stalks composting
The distribution of respondents on perception of advantages of compost preparation using cotton stalks is given in Table 1. The farmers knowledge on suitability of cotton stalks for compost preparation has earned to its full extent. The higher knowledge level of farmers was observed for use of compost in improvement of soil health, application of compost in their field as alternative to FYM, savings in cost of cultivation and generation of additional income by selling the compost in the market. The knowledge level of variables such as practicability of method used and quality of the compost produced was relatively low. 
3.3. Constraints in cotton stalks composting
The major difficulty in method stated was the accessibility to decomposer culture to the farmers on time-to-time basis. Similarly, farmers showed the curiosity to know the quality of the compost produced by them on regular basis for which no existing mechanism is available in rural areas. The challenges faced by the farmers on implementation of compost preparation from cotton stalks were unavailability of decomposer culture, chipper machine and a market to sell the prepared compost (Table 2). The decomposer is an important ingredient in compost preparation to prepare a quality compost at a faster rate. In this study, farmers were given decomposer culture as a part of the training program. The farmer trainees used the decomposer culture for the first cycle of production, however, those farmers preferred for successive cycle of production faced the problem of availability of decomposer culture in the local market. Chipping is the essential step in compost preparation in which the cotton stalks are chipped into smaller size of 4-5 cm. This ensures faster degradation of cotton stalks. Though farmers prefer to use the prepared compost in their own farm, the excess compost was sold in the market.  
The farmers perspective on the use of organic amendments for soil fertility management was evaluated in Mwanza, Tanzania. They expressed their preference to use the compost in their field. Accordingly, the authors conducted a study to prepare the compost from food waste and applied in the soil as a replacement for chemical fertilizers. They found that compost application improved the soil water holding capacity by 14 to 19 % and enhanced microbial biomass by 1.7 to 4 times compared to inorganic fertilizer application [10]. Sannigrahi, 2016 [11] reported that the major constraints in popularization of vermicomposting were lack of awareness among the farmers and unavailability of epigeic earthworms. Considering the unpredictable climate pattern, organic farming is given priority in the developing nations. In India, the government has taken many initiatives since 2015 to increase organic farming area and production [12]. The present study aligns with the government initiative on promotion of organic farming through production and application of compost as a viable alternative to chemical fertilizers.
In a similar study, the impact of training on adoption of organic farming in Sikkim showed compost was the major source of nutrient in organic farming. The major constraints identified were the unavailability of organic inputs and lack of marketing channel for organic farm products [13]. Similar observations were made for organic cultivation practices in Haryana [9].
3.4. Advantages of oyster mushroom production using cotton stalks
The distribution of respondents on perception of advantages of oyster mushroom cultivation using cotton stalks is given in Table 3. The farmers knowledge on suitability of cotton stalks for oyster mushroom cultivation has earned to its full extent. The higher knowledge level of farmers was observed for use of oyster mushroom as a source of vegetable protein and livelihood sustainability in rural areas. The knowledge level of variables such as practicability of method used and a source of additional income was relatively low. 
3.5.  Constraints in producing oyster mushroom using cotton stalks
Similar to compost production, the major difficulty in method stated was the accessibility to spawn to the farmers on time-to-time basis. Due to unavailability of spawn for successive production, farmers face difficulty in the production of mushroom as a source of additional income. The constraints faced by the farmers on oyster mushroom cultivation from cotton stalks were poor participation of women, unavailability of spawn and chipping machine; and a market to sell the mushroom (Table 4). Spawn is a prime ingredient in mushroom cultivation. In this study, farmers were provided with spawn as a part of the training program. The farmer trainees used the spawn for the first cycle of production, however, those farmers preferred for successive production faced the problem of unavailability of spawn in the local market. Similar to compost production, chipping is the essential first step in mushroom cultivation too. Though the farmers prefer to produce and sell the mushroom, the above indicated constraints hindered them to generate additional income from mushroom cultivation. The poor participation of women in mushroom cultivation indicates the need for a specialized training for women in skill development. In a similar study, the major constraints faced by the women farmer in agri-business activity including Eri culture is lack of technical knowledge [14, 15]. 

Table 1 Distribution of respondents on perception of advantages of compost preparation using cotton stalks
	Advantage
	Frequency
	Percentage

	Awareness of ICAR-CIRCOT technique on compost preparation using cotton stalks
	50
	100

	Suitability of cotton stalks for preparation of compost
	50
	100

	Training and demonstration provided for compost preparation from cotton stalks
	50
	100

	Practicability of protocol stated in compost preparation
	28
	56

	Quality of compost obtained from cotton stalks 
	28
	56

	Additional source of income
	35
	70

	Application of compost in the same field
	42
	84

	Alterative to Farm Yard Manure (FYM) 
	48
	96

	Improvement in soil fertility 
	43
	86

	Improvement in cotton yield upon application of cotton stalks compost
	30
	60

	Savings in cost of cultivation
	40
	80









Table 2 Distribution of respondents on constraints of compost preparation using cotton stalks (N=50)
	Constraints
	Frequency
	Percentage
	Rank

	Un availability of decomposer culture other than government agency
	45
	90
	I

	Un availability of chipping machine
	40
	80
	II

	Un availability of market for selling of compost prepared from cotton stalks
	30
	60
	III





Table3 Distribution of respondents on perception of advantages of oyster mushroom cultivation using cotton stalks (N=50)
	Advantage
	Frequency
	Percentage

	Awareness of CIRCOT technique on oyster mushroom cultivation using cotton stalks
	50
	100

	Suitability of cotton stalks for oyster mushroom cultivation
	50
	100

	Training and demonstration on oyster mushroom production using cotton stalks 
	49
	96

	Practicability of protocol stated in oyster mushroom production
	25
	50

	Oyster mushroom as a vegetable protein source in rural areas
	50
	100

	Additional source of income
	28
	56

	Mushroom cultivation as a source of sustainable livelihood
	50
	100



Table 4 Distribution of respondents on constraints of oyster mushroom cultivation using cotton stalks (N=50)
	Constraints
	Frequency
	Percentage
	Rank

	Non-participation of women in mushroom production
	47
	94
	I

	Unavailability of spawn other than government agency
	42
	84
	II

	Unavailability of chipping machine
	40
	80
	III

	Unavailability of market for selling the oyster mushroom produced from cotton stalks
	29
	58
	IV

	Unaware of quality of oyster mushroom produced
	27
	54
	V

	
	
	
	


3.6. Additional income
The distribution of respondents on additional income generation per acre by practicing compost and oyster mushroom production using cotton stalks is given in Table 5. Upon completion of the training program, farmers were producing the compost and oyster mushroom from cotton stalks in their farm itself. They were able to earn Rs. 1000/- to 3000/- by selling compost from one tonne of cotton stalks generated from an acre of land. The cost of production of one tonne of cotton stalks compost was Rs. 3000/- and the farmer was selling the compost @ Rs. 4000 to 6000 per tonne. In case of direct application of compost in their field itself, the farmer was saving Rs. 9000/- per acre by replacing five tonnes of farmyard manure with two tonnes of cotton stalks compost. The nutrient quality of cotton stalks compost was three times higher than that of conventional FYM [6]. Similarly, farmer was able to earn Rs. 4000/- to 6000/- by selling of oyster mushroom from one tonne of cotton stalks generated from an acre of land. Considering 10 % biological efficiency, the yield of oyster mushroom was 100 kg per tonne of cotton stalks. The cost of production of one kg of mushroom was Rs. 50/-.The market value of oyster mushroom was ranging from Rs. 90 to 110/- per kg. The study highlights ICAR-CIRCOT technology on compost production and oyster mushroom cultivation using cotton stalks as a potential source of additional income to cotton growers. In addition, the study underscores the constraints such as unavailability of decomposer culture/mushroom spawn, chipping machine, and marketing platform and poor participation of women in mushroom cultivation faced by farmers for sustainable adoption of these technologies. In a similar study, the socio-economic analysis of trash management practices in sugarcane cultivation was carried out in Salem, Tamil Nadu. The results revealed that, farmers understood the importance of trash management practices to improve the yield and maintain soil health. Among the different practices, farmers preferred to use soil mulching followed by composting. The major constraints faced by farmers were high cost of labour and unavailability of microbial culture for mulching and composting, respectively [16]. Farmers also believed that cluster farming or self-help group can promote this technology for its large-scale adoption. As the cotton growers in Vidarbha region solely depend on monocrop rainfed cotton round the year, the study warrants the intervention of government machinery to address the policy constraints enlisted here and create a sustainable venture in rural areas. 
Table 5 Distribution of respondents on additional income generation per acre by practicing compost and oyster mushroom production using cotton stalks (N=50)
	Additional income (Rs.)
	Frequency
	Percentage

	Compost preparation

	1000-2000
	24
	48

	2000-3000
	11
	22

	Mushroom cultivation

	4000-5000
	12
	24

	5000-6000
	16
	32




4. Conclusion

The awareness and training program conducted by the GTC of ICAR-CIRCOT has created a positive impact on the knowledge level of different variables of technology on compost preparation and oyster mushroom cultivation using cotton stalks among the selected farmers in Wardha district of Maharashtra. The knowledge level of farmers has enhanced on the advantages of compost and oyster mushroom such as nutrition enrichment of soil, crop and human health and additional income generation. Farmers were able to produce and market the compost and oyster mushroom and earn an income of Rs. 1000-3000/- and 4000-6000/- per acre, respectively. The major constraints faced by farmers in the implementation of these technologies were unavailability of chipping machine and decomposer culture/mushroom spawn; and a market platform to sell these products. The policy makers/administrators or other stake-holders should come forward to address the constraints underscore in this study through various mechanisms by which the additional income for the farmers and sustainability of livelihood could be ascertained. In future, specialized training programs for women farmers, value-addition to mushroom and public-private partnership for large-scale production of decomposer culture/mushroom spawn in rural areas could be taken-up. 
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