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Introduction: India is home to around 140 million landless laborers who live below the poverty line and are the most vulnerable group in terms of food and nutritional security. The three critical problems faced by the poor laborer families are poverty, hunger, and malnutrition. To address these problems, a backyard farming system was conceptualized and evaluated with an aim to ensure the nutritional security of landless laborers. The main objective of this work was to utilize the homestead area of 100-150 m2 for ensuring year-round food availability.

Methods: Integration of vegetables, pulses, fruits, spices, fishes, and ducks was done in the available area. Technological interventions with the integration of ducks (Khaki campbell), fish (carps and Self-recruiting species), pulses, and leafy vegetables can help in improving nutrient consumption.

Result and discussion: A total of 1400 kg of vegetables (including root vegetables and leafy vegetables) can be produced annually from an area of 150 m2 that can fulfil 30-70% of the vitamins (RDA of 70 % of B1 and 30% of B3) and mineral requirements (RDA of 45% of Iron and 30% of Ca) of the average family, as well as providing an annual saving of INR 25,000/annum and an extra income of INR 10,000/annum that can be earned from selling the extra produce. Herbs (Coriander, Mint, and Fenugreek) and spices (Ginger, Turmeric, and Chilli) with antioxidants ranging from 2-13 millimol/100 gm can help in developing a good immune status. Integration with ducks, pond dyke utilization with cucurbits, spices and herbs, and the introduction of self-recruiting species in a composite fish culture system can further enhance the income by INR 14,000/annum after family consumption. Year-round cultivation made the optimum use of the available resources. A net return of INR 30,000 from 300 m2 could be obtained with a B:C ratio of 2.98 as well as generating an employment of 136 mandays. The food produced from the system can contribute to the nutritive requirements throughout the year and lead to a greater diversity in the food consumption pattern of the family.
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1. Introduction

Food, nutritional, and livelihood security are the parameters that mark the criteria for a healthy and secured life and is a right of every individual. The FAO defines Food security as “a situation that exists when all people, at all times, have physical, social and economic access to sufficient, safe and nutritious food that meets their dietary needs and food preferences for an active and healthy life.”

India is home to 140 million landless laborers who live below the poverty line and are the most vulnerable group in terms of food and nutritional security. The three critical problems faced by poor laborer families are poverty, hunger, and malnutrition. Landless laborers and small and marginal farmers are deprived of nutritional security primarily because the diversity of food a person or a family should be utilizing is reduced because of monocropping. In addition, rice and wheat are the only grains that are distributed in Public Distribution Systems from the government. Other food items like vegetables, fruits, fresh foods, eggs, and milk are expensive items for a poor landless laborer. The average earning of a laborer is INR 300–500/day depending on their skill, with 100–150 days of employment in a year. So, farming families do not have the resources to meet their nutritional requirements.

The Champions of Nutrition Programs give due emphasis to the consumption of locally available fruits and vegetables through the establishment of a household kitchen garden. A kitchen garden/Nutritional Garden is an area where food like fruits and vegetables can be grown to achieve a continuous supply for meeting the daily needs of the family utilizing primarily domestic discards. In a study conducted in Kerala, it was shown that a nutritional garden helps to meet the complete requirements of fruits and vegetables for a family throughout the year (Sheela et al., 1998). So if a family can grow its own fruits and vegetables, they can fulfil their own requirement by converting them into nutrients and energy. An average daily vegetarian diet needs to consist of 300 gms vegetables, 85 g fruits, 85 g pulses, and 475 g of cereals (Prathiba, 2012).

In the state of Tripura, where this work was carried out, there are 11 lakhs laborers out of a population of 36 lakhs. The average family size is 5–6 members. The family in the study only possessed a small house with 100–400 m2 land adjacent to it. The area is largely utilized for drying clothes and as a sitting area but is not utilized for producing food items like vegetables, spices, or fruits or animal-based items like eggs and fish. These and other available areas were targeted to create a model for addressing their food and nutrition. This program was conceptualized based on the “Backyard farming System.” The main stakeholders identified for this system were the women of the family and the main criteria that were taken into consideration were the available area and the time a woman can spare after her normal household work (Figure 1). Previous work (Akhter et al., 2010; Shukla and Rajkumari, 2012; Patalagsa et al., 2015; Ghimire, 2019) has also stated the significance of women in maintaining the homestead garden with the collective support of other family members.
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FIGURE 1
 Schematic representation of the concept of the Backyard Farming System.


The main objective of the program was:

1. To ensure year-round availability of fruits, vegetables, and eggs for ensuring food and nutritional security of the landless family.

2. To make the family livelihood secure by generating a surplus amount in the system.



2. Materials and methods


2.1. Study location and area developed

The study was conducted in the ICAR Research Complex for North Eastern Hill Region, Tripura Centre, India (Latitude is 23.900 and Longitude is 91.310). An area of 300 m2was developed (150 m2 land area and 150 m2 pond area) in the form of the Backyard Farming System (Figures 2, 3).

[image: Figure 2]

FIGURE 2
 Schematic diagram of the Backyard Farming System.
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FIGURE 3
 View of Backyard Farming System.




2.2. Fish species and stocking density

For the study, 150 fingerlings of Indian major carps like Labeo rohita (Hamilton, 1822), Catla catla (Hamilton, 1822) and Barbonymus gonionotus (Bleeker, 1849) were introduced along with 2 Kg of small indigenous self-recruiting species (SRS) like Amblypharyngodon mola (Hamilton, 1822) (Mola) and Puntius (Puti). Mola and Puti breed in the pond and therefore enable poor households to increase their consumption of fish. All standard pond management practices like management of aquatic weeds and liming were practiced. No fertilization was done since the system was integrated with ducks.



2.3. Animal component

Along with fishes, 12 Khaki Campbell cross ducks (2 male and 10 female birds) were also integrated in the system for which a shed was constructed at one corner of the pond. In this system, a free-range system of duck rearing was followed. The ducks were allowed to scavenge for feed in the day time and were allowed to enter the shed during the night. For the night, extra provision for feed and water was made in the shed. They had access to pond water through a bamboo-made sloppy run.


2.3.1. Legumes, vegetable, and fruit component

Tree-type vegetables like Drumstick (Moringa oleifera Lam.) (1 plant) and Jackfruit (Artocarpus heterophyllus Lam.) (1 plant) were planted. Cucurbits like pumpkin (Cucurbita moschata Duchesne), bottle gourd (Lagenaria siceraria Moilina), ash gourd (Benincasa hispida Thunb.) and bitter gourd (Momordica charantia L.) were planted at the four sides of the pond and above the compost pit on bamboo platforms (Figure 4). Different varieties of beans were planted in the fencing of the household to ensure sufficient availability year-round. In addition, 100 Pigeon pea plants were planted in the boundary of the system. Tuber crops like Colocasia, elephant foot yam [Amorphophallus paeoniifolius Dennst. (Nicolson)], and dioscorea yam were also incorporated. The vegetables introduced were lady finger (Abelmoschus esculentus L.), brinjal (Solanum melongena L.), chilies (Capsicum sps), leafy vegetables, cabbage (Brassica oleracea L.), cauliflower (Brassica spp.), radish (Raphanus sativus L.), vegetable pea (Pisum sativum L.), mustard (Sinapis spp.), maize (Zea mays L.), and tomato (Solanum lycopersicum L.). For fruit, Papaya (Carica papaya L.), Guava (Psidium guajava Linn.) (1 no), Banana (1 vegetable variety and 2 fruit variety (Musa spp.), Lemon (Citrus limon L.) (2 plants), were incorporated. A single plot was used for the production of some traditional medicinal plants like tulsi (Ocimum sanctum Linn.) and thankuni (Centiella asiatica L.).

[image: Figure 4]

FIGURE 4
 Production of different components in the system.





2.4. Spices

Coriander (Coriandrum sativum L.) and mint (Mentha spicata L.) were planted in pond dykes to ensure sufficient availability of moisture. Turmeric (Curcuma spp.) and ginger (Zingiber officinale Rosc.) were planted in the shaded part of the backyard without disturbing the main plots.



2.5. Cropping pattern

An 150 m2 area was divided into 15 plots of 10 m2 each where vegetables were planted in a staggered manner to ensure daily production of vegetables. The seeds were sown a few days prior to the standing crops reaching their production stage. Crops of different types were grown through inter-cropping, mixed cropping, or relay cropping (Figure 5). Seeds of all crops were initially procured from local sources and thereafter maintained for future use.

[image: Figure 5]

FIGURE 5
 Different cropping patterns followed in the system.




2.6. Compost pit

For on-farm recycling of nutrients, two compost pits were dug behind the duck house. The wash offs of the duck house were diverted to the compost pits or the fishponds through a valve. To prevent direct sunlight from affecting the pits, bamboo platforms were built over the compost pit and cucurbits were grown over those.



2.7. Economics of the system

The data on different inputs and outputs were recorded regularly. The requirement of food components for the family was taken from data repositories of the Indian Council of Medical Research (ICMR). The gains in nutrition were calculated from the data of the ICMR-National Institute of Nutrition (NIN). Economics was calculated as per (Das et al., 2021). Gross return was calculated by multiplying the production of the components with the prevailing unit market price. Benefit Cost ratio (B:C Ratio) was estimated by dividing the gross return with the cost of production. The net return was divided by 365 to obtain the System economic efficiency (SEE). This farming system used a single laborer for 3 h in a day. The purpose was to make it achievable by a woman in the household.



2.8. Equivalent yield and cropping intensity

The production of the components was converted to Rice Equivalent Yield (REY) by the formula: REY=Production (Kg) of component X Price per Kg of Component/Price per Kg of rice (De Wit, 1960).

Protein equivalent yield (PEY) was calculated by the formula: PEY (Kg/ha) = Production of component X Protein content per Kg of that component (Manay and Shadaksharaswamy, 1987).

Man-days were calculated on the basis of working hours: 1 man-day = 8 h
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2.9. Data analysis

The data obtained was analyzed using MS Excel Program. Standard data on food and nutritional components were obtained from the ICMR-National Institute of Nutrition (NIN) and then used for comparative analysis of the component/system in MS Excel. All the graphs were prepared in MS-Excel and then exported.



TABLE 1 Fish production, egg and meat production, and vegetable production in pond dykes for nutrition and income.
[image: Table1]




3. Results


3.1. Fish production, egg and meat production, and vegetable production in pond dykes for nutrition and income

From an area of 150 m2, 60 kg of fish could be harvested (50 kg of carps and 10 Kg of SRS). The ICMR recommends consumption of 25 g of fish per day for a person (Figure 4). So, the annual requirement for a family of five is 45 kg. After meeting the family’s requirement, a surplus of 15 kg is available from the system that can be sold at the market for around INR 2250/− (Table 1).



TABLE 2 Performance of pigeon pea in the boundary of the system.
[image: Table2]

In addition, the four corners of the pond were utilized for growing cucurbits like Ash-gourd and bottle gourd which are good sources of vitamins, minerals, and fibers. From a total of 16 plants, 480 kg of fruits could be harvested in one cycle. Two hundred kilograms can be used for family consumption, leaving a surplus of 280 kg for livelihood generation (in a year 2–3 cycles of gourds could be grown) of INR 5600/− that could be earned from the extra produce (Table 1).

Additionally, the incorporation of ducks was done in the system. Ten female ducks and two male ducks were introduced in the system. One thousand one hundred eggs were surplus after family consumption of 910 eggs; the surplus eggs can be used for income generation of INR 6600/− for the family (Table 2; Figure 4). Ten kilograms of meat can be produced that can be used to meet the nutritional requirements of the family.

In the pond dykes and the slopes, spices like cilantro and mint were grown throughout the year.



3.2. Production of legumes and vegetable from the system

The mean monthly vegetable production ranged from around 40 kg to around 140 kg/month (Figures 4, 6). The maximum vegetable production was reported in the month of February and the least in the month of July. The average vegetable production from the system was 18 kg/week. This vegetable production is exclusive of the cucurbits that were produced from the pond dykes. One hundred kilograms of pigeon pea could be harvested from 100 plants that were grown in the boundary of the system (Table 2). Seventy-three kilograms is required for family consumption, leaving a surplus of 27 kg that can be used for generating income (~INR 2700/− can be earned by selling 27 kg of pigeon pea).

[image: Figure 6]

FIGURE 6
 Monthly Vegetable production from the system.




3.3. Recycling of nutrients in the system

The left-over crop biomass and the excreta of ducks were used in the compost pit for recycling nutrients in the system on the concept of farm bio-resource flow. Two compost pits were made, and the production ranged from 70 to 100 kg/month (Table 3). The integration of ducks in the system made the system more sustainable because of the nutrient-rich duck manure. On average, 12 ducks generated 30–40 kg of droppings which was diverted to the compost pit. The wash outs of the house were diverted to the ponds. Vegetable residue was produced in the range of 20–60 kg.



TABLE 3 Compost pit for nutrient recycling.
[image: Table3]



3.4. Economics and nutrition gain from the system

The backyard farming system model generated a REY of 18.05 t/ha with a PEY of 72.84 kg/unit/year. Cropping intensity was 150%, generating an additional employment of 136 man-days (Table 4).



TABLE 4 Economics and different sustainable parameters of the system.
[image: Table4]


3.4.1. Change in consumption pattern and nutrition gain of the farm family

The RDA provided by the ICMR was considered as the basal level for ensuring food and nutritional security of the family. Figure 7 shows that the developed model in the small area available could contribute a sufficient amount of vegetable and eggs along with pulses, spice, and fresh foods that could lead to a significant change in the consumption patterns of the household. According to the ICMR-RDA, a family needs 1,000 kg of vegetables and 900 eggs to maintain nutrient requirements. The production from the system was 1,400 kg of Vegetables and 2000 eggs. The production of pulses was 100 kg against the requirement of 73 kg. Sixty kilograms of meat like fish and duck were produced against the requirement of 91 kg. Because of these interventions, the expected gains in nutritional improvement were met. Protein consumption could was by 80%, and micronutrients like calcium by 60%, Iron by 40%, and Thiamine by 70% (Figure 8). An average family of five needs INR 75,000/− to fulfil their food requirements (Table 5). In the system developed after fulfilling the food requirement, a net return of INR 30,410/− was achieved with a BC ratio of 2.98. The cost of cultivation was calculated to be INR 15,290/−. The system economic efficiency was calculated to be 83.3 (Table 4).

[image: Figure 7]

FIGURE 7
 Expected changes in food consumption pattern through the backyard farming system (Inner ring represents annual RDA (Indian Council of Medical Research India, 2020) for a family of five, and the outer ring represents the food consumption pattern after intervention).


[image: Figure 8]

FIGURE 8
 Expected gains in nutrient improvement.




TABLE 5 Livelihood assessment for food and nutritional security (ICMR).
[image: Table5]





4. Discussion

The landless laborers and the poorer section of society suffer from lack of nutrition. The Public distribution system of the Government of India provides rice/wheat and sugar, although these alone do not meet the nutritional needs of people. In this context, the backyard farming system can help in improving the food and nutritional security of laborer families. This can also lead to livelihood security of the family. A landless laborer has a house and a small adjoining area of 100–400 m2 in his possession. These areas were targeted to be effectively utilized so that the food requirement of the family can be addressed. In the case of small and marginal farmers, kitchen gardens form an integral part of the households but they are done in a very casual and subsistence level, a level at which the food and nutrition demand cannot be attained. The availability of diverse foods to meet nutritional requirements does not currently happen locally at affordable prices. The prices of vegetables, fruits, and other protein sources fluctuate, and the prevailing market price is unaffordable by the laborers. Through this system, not only the landless laborers but also small and marginal farmers can have access to a diverse year-round supply of food and nutrition along with income generation. The key stakeholders will be women who can contribute 2–3 h daily after their household chores to maintaining the garden. In a study that was conducted in the state of Kerala, a family of four could have an assured year-round supply of vegetables, milk, and eggs by integrating livestock as a component with homestead farming in an area of 0.2 ha (John, 2014).

The local pattern of consumption of poor households in Tripura is rice and fermented fish; hence there is a gap in meeting the nutritional requirement of the body. In a survey by the International Food Policy Research Institute (IFPRI), it has been found that in the state of Tripura, stunting in children below 5 years ranges from 20 to 32%, anemia in women of reproductive age is 50% and wasting ranges from 14 to 24% (Kohli et al., 2017). Nationally, malnutrition in Indian children is at a higher level with 42.3% underweight, 59% stunted, and 11% wasted (Indumathi et al., 2012). Access to food and nutrition is a human right, but only a small percent of people have access to nutritious food and a huge chunk of the population live on a subsistence diet which is nutritionally imbalanced (Karim et al., 2021). This leads to malnutrition, stunting, anemia, and other physical and cognitive health problems. As per the ICMR, an Indian food platter should constitute 300 g of Vegetables, made up of 50 g of Green Leafy Vegetables, 50 g of Roots & Tubers, and 200 g of other vegetables. Additionally, each individual should also consume 100 g of fresh fruits regularly and, in case of pregnancy, the consumption of leafy vegetables should be increased to 100 g to cater to the higher need for folic acid and iron. To fulfil the recommended dietary allowance, a family of five needs 1,000 kg of vegetables annually. A total of 1,400 kg of vegetables (including root vegetables and leafy vegetables) could be produced from an area of 150m2 that can fulfil 30–70% of the vitamins (RDA of 70% of B1 and 30% of B3) and mineral requirements (RDA of 45% of Iron and 60% of Ca) of the family. Herbs (Coriander, Mint, and Fenugreek) and spices (Ginger, Turmeric, and Chilli) with antioxidants ranging from 2–13 millimol/100gm (Benzie and Wachtel-Galor, 2011) can help in developing a good immune status for the family. Many local plants have anti-oxidative compounds and anti-mutagenicity and anti-inflammatory properties (Chavasith, 2012) and, globally, the North Eastern States of India are recognized as being rich repositories of aromatic and medicinal plants (Lahiri et al., 2017). After family consumption of around 1,000 kg, a surplus of 400 kg will be available to be sold in the market, thereby generating an income of INR 10,000/− with an annual saving of INR 25,000/− that could otherwise be spent for procuring these items. In this system, from a small area, increased vegetable production could be attributed to enhanced availability of nutrients leading to good growth (Yadav et al., 2013). The application of recycled duck manure and vegetable biomass from compost pits aided in improving the physical, chemical, and biological properties of soil that led to high vegetable production (Das et al., 2017). The most notable technologies were utilizing the pond dykes, utilizing the pond corners, and the staggered method of vegetable cultivation by dividing the area into 10m2 plots which could be easily managed by a woman. Different types of vegetable peas and beans, like French beans and yardlong beans, were planted seasonally in plots as a vegetable component. To further utilize the available spaces in a more efficient way along with adding to the protein requirement of the family, 100 pigeon pea plants were planted in the boundary of the system. 100 kg of pigeon pea could be harvested. An income of INR 2700/− could be generated after family consumption of 73 kg. The incorporation of pulses in the north eastern region of India is very important because this can lead to nutritional security if the deficit in these crops can be addressed (Layek et al., 2021). These nutrient-dense crops not only contributed to the protein requirement of the family, but also enriched the soil for the next crops. Leguminous crop can lead to nitrogen improvement of the soil because of fixation in root nodules and contribute to manure after composting (Ali and Venkatesh, 2009). In this system, the local preference and diversity in vegetables and other crops can be additionally addressed. This will further increase vegetable consumption in that area.

The recommendation for protein, fat, vitamins, and minerals through animal sources is 1 kg per week for a family of five. To fulfil this requirement, ducks and animals were integrated into the system. For fish production, a composite fish culture system was adopted. The species that were incorporated were Labeorohita, Catlacatla, and Barbonymus gonionatus. Along with these three species, two self-recruiting species, mola Amblypharyngodon mola) and puti (Puntius sophore), were also incorporated. Sixteen self-recruiting species of fish have been identified (Felts et al., 1996) in India. Among these, mola (Amblypharyngodon mola) and puti (Puntius sophore) are important because of their high nutritional value. The culture of these species with major carps may contribute to the diet of the rural poor. In addition, the inclusion of these indigenous species in composite systems can improve the nutritional security and add to the income enhancement of farm families as they fetch higher market prices (Debnath et al., 2014). Policy makers worldwide have been emphasizing the utilization of smaller water bodies for aquaculture because they are largely underutilized and, if properly managed, can be a source of nutrition and income for farmers (Debbarma et al., 2020). In the present work, 150 fingerlings of Labeorohita, Catlacatla, and Barbonymus gonionatus were stocked in a pond of size 150 m2 along with 2 kg of SRS like Mola and Puti. An overall production of 50 kg of carps and 10 kg of SRS could be achieved. The SRS can be harvested easily by the women with the use of traditional traps. In the Indian family scenario, the women of the household eat after all the family members have had their share of food. If bigger fish are cooked, they may or not have a share, but in the case of small fishes it is likely they are assured of a share. The intra-household distribution of fish, depending on the kind of fish cooked, is another important dimension that upholds the involvement of farm women to take up fish culture as they are assured of the adequate nutrition for their family. In case of small species, unlike the larger ones, they will be marketed locally within the villages, especially by women and children. The significance of SRS has been felt in the last decade or so and some works have cited their significance in uplifting the nutritional status and economy of the rural poor (Roos, 2001; Amilhat et al., 2005). Debnath and Sahoo (2020) have evaluated Esomus danricus as a potential SRS in aquaculture that in enhances the benefit ratio of composite fish culture by 4.5%. Further, Pond dyke utilization with cucurbits, spices, and herbs can further enhance the income by INR 5000/annum. In a different study by Debnath et al. (2015), an additional benefit of INR 5000/ha could be obtained through the integration of crops and fruits in pond dykes. Pond dyke utilization with vegetables and integration of poultry with aquaculture is 850% more profitable than a single enterprise that is conventionally practiced (Babu et al., 2019).

Twelve ducks were introduced in the system. Ducks are hardy and relatively more resistant to diseases than poultry birds (Panda et al., 2022). So, they were chosen over poultry birds to make the woman more independent in raising the animals; they also earn more money in market than poultry birds. A duck house was constructed at one corner of the pond and a wash out was made for the droppings to go directly to the pond. A valve was made in the wash out so that if the pond gets over-enriched, the droppings can be diverted to the compost pit. The compost pit was built behind the duck house. This integration of ducks in the system can provide an additional component of meat and eggs which are preferable protein sources for people of North-Eastern India. It generates production of additional food and income to forthe farmer. Chauhan et al. (2022) have emphasized the significance of livelihood diversification through multiple sources of income generation for improving farmers’ livelihood. Duck manure is a rich source of nutrients and has traditionally been integrated with aquaculture. It contains 0.9% Nitrogen and 0.4% Phosphorous, which act as good organic manure for producing phytoplankton and zooplankton in the pond (Saikia et al., 2020). Planktons are natural fish food organisms and the availability of sufficient planktons is beneficial for the growth and health of fish. Apart from this, ducks act as natural aerators, helping in the oxygenation of the pond. As a result, dependency on outside feed in the pond is reduced and 60% of operational expenditure is saved, which would have otherwise have been spent on fish feed (Tripathi and Sharma, 2005; Das et al., 2017). Approximately 40–50 kg of organic waste is converted into 1 kg of fish (Kumar et al., 2012; Saikia et al., 2020) and can be a viable option for natural biodiversity (Banerjee et al., 2014).

Two compost pits were constructed behind the duck house. In addition to duck manure and vegetable residue, aquatic weeds were also added to the pits. A production of 70–100 Kg of manure could be produced from a single pit. As this system was integrated with the ducks, the nutritionally rich duck manure helped in producing good-quality organic manure. This helped in manuring the plots, thereby complementing the recycling of nutrients in the system. Recycling of waste followed by field application improves the soil health and reduces the family’s dependency on extraneous inputs, thereby reducing the cost of production (Yadav et al., 2013; Das et al., 2013a). The cucurbits planted in the bamboo-raised structure that was made over the compost pits provided shade to the pits, thereby preventing nutrient losses from the manure. Additionally, these cucurbits can provide food and income to the family. The whole plant is consumed in North East India as the leaves and flowers are also enjoyed by the people.

An integrated farming system is a set of systems where waste is utilized as inputs to generate food, which not only makes the system eco-friendly but also economic (Ansari et al., 2014). An integrated farming system through farm diversification is necessary to address multiple concerns like food and nutritional security, poverty alleviation, generation of employment, and improvement of the environment with prudent utility of natural resources (Kumari et al., 2019). As per ICMR recommendations, the requirement of weekly vegetables and fruits, eggs, meat, and pulses are 14 kg, 38 eggs, 1 kg, and 1.4 kg, respectively, for a family of five. Through this system, a production of 26 kg of vegetables, 38 eggs, 1.1 kg of meat, and 2 kg of pulses per week could be generated. The pattern of availability of pulses increased by 37%, Eggs by 119%, and vegetables by 40% in comparison to the RDA, thus enhancing the nutritional requirement of protein by 80%, energy by 60% and vitamins and minerals by 30–60%.This indicates that sufficient availability of different components of food for consumption and income generation. In an earlier study (Devendra and Thomas, 2002), it was reported that an integrated farming system is an important means for meeting the protein needs of a family through meat, eggs, and milk for small and marginal farmers. Success of any integrated farming system is determined by quantifying physical indicators of sustainability based on system productivity, profitability, and employment generation (Singh et al., 2016). In this system, all the physical indicators like productivity, profitability, and employment generation could be achieved. Rice equivalent yield of 18.05 t/ha was observed from this system. This was because of higher production of vegetables and eggs from the system. An 190% increase in REY has been observed in a duck-based farming system in a previous study (Das et al., 2013b). A protein equivalent yield of 78 kg was observed in this single unit in a year. This indicates that this system can generate adequate protein to meet the nutritional requirements of the family. A net return of INR 30,410/with a B-C ratio of 2.98 was generated from the system. The inclusion of ducks and year-round vegetable cultivation and utilization of vertical farming in pond dykes and above compost pits led to higher system production and thereby high income. An SEE of 83.3 and cropping intensity of 150% indicates that it is a self-sufficient system and such a small area can also lead to income if used judiciously. This indicated that through this system, the women of the household, who otherwise do not have any access to finance, could earn an amount of INR 30,000/year with 136 days per year of gainful employment. This also will improve the mental satisfaction of the women of the household as they will be the key generators of food. They could harvest one or the other components depending on her choice throughout the year. The food produced from the system can contribute to the nutritive requirements throughout the year as well as leading to a greater diversity in the food consumption pattern of the family. Moreover, the vegetables, ducks, and fish produced in the system will be largely organic in nature because, as a member of the family, the farmer will adopt all good management practices to assure good health for her family. She could also sell the produce at a high price in the market because of ever-increasing demand for good health and quality food (Singh et al., 2021).



5. Conclusion

The main objective of this study was to ensure the food and nutrition of a poor landless laborer utilizing the available area he has and utilizing his own family labor. A small are of 150m2land and 150m2water was developed for a backyard farming system integrating vegetables, fruits, fish, and ducks. This system can produce year-round vegetables, eggs, and fish that are sufficient to meet the needs of a five-member family. Leguminous crops were incorporated to make the family protein sufficient. Moreover, the surplus vegetables and eggs can be used to improve the livelihood of the family. As the laborer will be occupied with daily labor engagement, the woman of the household was targeted, who, after completing her household chores, has 2–3 h of available time that she can use for generating food for her family. A net return of INR 30,000 and an annual saving of INR 50,000/− from 300 m2 with a BC ratio 2.98 suggests that this system is economically profitable and can also be adoptable by the landless laborers.
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