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Abstract

:

Agriculture is the major source of livelihood in rural areas and is considered the backbone of the Indian economy. In Sikkim, agriculture is being practiced by 80% of the rural population, and having no other major livelihood options has created immense pressure on the farmers and agricultural land. Agriculture sector is under great stress as the farmers are being confronted by various challenges in Sikkim Himalaya in recent years, such as land degradation, climate change and socio-economic problems. Despite the number of indigenous agriculture management methods being practised in Sikkim Himalaya, the agricultural production system is weakening. In this context, this paper presents an analysis of challenges faced by indigenous communities, local farmers and potential sustainable strategies for their management in Rani Khola watershed of Sikkim Himalaya. Data and information were collected by field observation, questionnaire surveys of 300 households, key informant interviews and focus group discussions conducted during 2017–18. Data processing and analysis were carried out with a combination of techniques, such as the application of remote sensing (RS), geographic information system (GIS)-based data processing and descriptive statistics. Major challenges identified in the watershed are water scarcity (80%), climate change (88%), soil erosion and runoff (72%), higher investment cost (100%), lack of irrigation facilities (77%), fragmentation and size of landholdings (100), human–wildlife conflict (59%) and pests and disease (60%). Some possibilities and innovations that could address these problems are the use and retaining of various indigenous soil and water conservation (SWC) measures, diversified farming systems, community involvement in the government development process, better irrigation facilities, strengthening the local economy, coordinated planning between stakeholders and development of market feedback mechanism within the system.
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1. Introduction


Mountains cover around one-fifth of the Earth’s surface and are home to one-tenth of the world’s population. Mountains are diverse in their culture, ethnicity, language, ecological systems, and economy [1]. Himalaya is one of the world’s greatest physical features, and it is experiencing a recurring environmental crisis, including environmental degradation, climate change, geometeorological hazards, land use land cover (LULC) change, demographic pressure and the depletion of indigenous knowledge systems [2,3,4]. These major drivers have not only affected various sources of livelihood in Himalaya but also have widely increased environmental vulnerabilities and struggles of the indigenous communities, many of whom are poor and marginalised [5]. According to FAO figures (2019), one out of every eight people worldwide experiences food insecurity, with the percentage increasing to one out of every two in rural mountain areas [1]. This highlights that approximately 300 million people who live in the mountains are suffering from the food security issue. In Sikkim Himalaya, agriculture is the major source of livelihood with no other significant livelihood options. This puts a lot of pressure on farmers and agricultural land. Only 11% of the total area in Sikkim Himalaya is available for agriculture and more than 60% of the total population depends on agriculture for their livelihood [6]. Hence, land productivity and agricultural practices play an important role in the social and economic life of people and will continue to do so in the foreseeable future. The majority of the farmers in the Rani Khola watershed are practicing subsistence farming due to small landholdings and environmental challenges. Agricultural production systems are changing rapidly due to shifts in production expenses (input–output cost), consumer demands and increasing concerns for food security and environmental impact [7,8].



An emerging concern in land productivity and sustainable agriculture systems is to promote strategies that are sustainable and also capable of addressing environmental challenges, food and nutritional security and cost-effective production system for the mountain communities. Smyth and Dumanski (1993) argued that a particular agricultural production system can be suitable only if it simultaneously and over a given period: (i) maintains or enhances production; (ii) reduces the level of production risk; (iii) protects the resource base and the natural environment; (iv) is economically viable; and (v) is socially acceptable, and they regarded these as the five pillars of sustainability in an agricultural production system [9]. A similar observation was also put forward in the context of sustainable agriculture by Sassenrath et al. (2009), and the focus was on fulfilling communities’ need, sustaining natural resources, efficient resource use, cost-effective farming and overall wellbeing of farmers and society [10]. Aligning with the mentioned definition, sustainable agriculture deals with a system which profitable and replicable, risk-free, utilises local raw materials, conserves soil and water resources, enhances the overall productivity of the land and integrates farmers’ indigenous knowledge. To achieve these sustainability goals, agriculture is to be diversified with integrated mixed organic, animal husbandry, and adoption of modern scientific and indigenous agricultural practices [3,8,11,12].



Organic farming is characterised by integrated agricultural production and the major emphasis is on profit maximisation, reducing risk and diversification in the agriculture sector. Some agricultural practices provide economic benefits while also conserving natural resources and ecosystem services, such as modulating water quality and quantity, organic waste disposal, soil formation, biological nitrogen fixation, biological diversity maintenance, biotic regulation and contribution to global climatic regulation [13,14,15], while other forms of agricultural practices degrade natural capital and ecosystems services. Although a particular type of agricultural practice may benefit an individual, it may have negative externalities such as soil erosion, carbon emissions, biodiversity loss and other negative externalities that harm the local and global ecology. Although agricultural techniques benefit both the economy and the environment, environmental services such as biodiversity and soil conservation are frequently overlooked [16]. Failure to understand the economic worth of environmental services provided by various land use systems frequently results in policies that discourage environmentally favourable agricultural methods. As a result, it is critical to recognise both the economic and environmental advantages of farming operations [15,17].



The majority of the past research shows sustainability in the agriculture sector in Sikkim Himalaya [18,19], whereas recent microlevel studies through field surveys and investigations present a good ground of inquiry. Agriculture production per hectare area of various crops is declining slowly. The state is food deficient, and the requirement is fulfilled by importing from neighbouring states. Due to this, the pressure on agricultural land is increasing to fulfil the increasing demand of food. Various drivers of change such as soil erosion, slope terrace failure, landslides, gully erosion, topsoil erosion on barren land and expansion of riverbanks are most prominent issues under environmental challenge, whereas shortage of labour, landholding size, farmyard manure availability, human–wildlife conflict, pest and diseases are posing threats to sustainable agriculture system in recent times. Farmers not only face environmental challenges which affect the overall yielding capacity but also several other challenges that accompany them. In the short run, land degradation leads to productivity loss and inadequacy of staple and cash crops, leaving farmers vulnerable directly or indirectly affects agricultural production, food security and livelihood in long run [12,20]. Therefore, pro-mountain policies to build the resilience of mountain environments and indigenous communities are proving vital in recent times by bringing together different stakeholders and fostering partnerships with a multisectoral and holistic approach [1].



In this context, the objective of this study was to make a logical enquiry by developing a preliminary field survey and integration of a geospatially based approach to understand land productivity and agricultural production system. The major research problems that guided our research were:




	
Identify major drivers influencing land productivity in the study area.



	
Analyse major challenges in agriculture faced by the indigenous people/farmer.



	
Which type of innovative solution is being employed correctly for the greatest change in land productivity?








To answer these research problems and fulfil the objectives, field survey, descriptive statistics, remote sensing and geographical information system (RS and GIS) and Statistical Package for the Social Sciences (SPSS) software were utilised. For further analysis, ecological zone-specific data and narratives are combined with information gathered through more general interviews with different key informant groups to address the theme. Several local environmental, climatic, socio-economic and agronomic challenges were reported by farmers in the agricultural production system in the watershed. There has been little or no work in the area of challenges of adaptation. This paper will therefore attempt to address various challenges in the agriculture sector and possible solutions through a field survey and the available literature.




2. Material and Methods


2.1. The Study Area


The Rani Khola watershed lies within the catchment of the Teesta River occupying an area of 254 km2. It is located in the eastern part of Sikkim Himalaya between the latitudes 27°13′9″ N to 27°23′51″ N and longitude 88°29′31″ E to 88°43′18″ E (Figure 1). Rani Khola is one of the major rivers draining the area, and the watershed is named after this river which finally drains to Teesta River. Climatically, the watershed is dominated by subtropical to alpine climatic conditions with four distinct seasons. The average temperature ranges between 4 °C during the winter and 22 °C during the summer season. The watershed shows a good profile of verticality and elevation ranges from 300 to 4100 m above mean sea level. The geological and structural control of topography is a dominant feature of this area. The watershed region is composed of the rocks of the Central Crystalline Gneiss Complex of the Proterozoic Era [21]. The watershed geology is characterised by rock formations, i.e., Gorubathan Formation, Chungthang Formation (Paro), Lingtse Granite Gneiss, Darjeeling Gneiss, Everest Limestone, Kanchenjunga Augen Gneiss, Calc Silicate rock with interbanded Quartzite, Garnet Staurolite bearing pelitic schist and thrust faults along Lingtse Granite Gneiss. The geomorphic unit occupies a significant area in the eastern section of the watershed and presents various erosional landforms, i.e., three tier terraces, – gorges, valleys, heavily dissected hillside slope, landslide slopes as well as highly incised meandering and straight channel course. The valley is characterised by the presence of a series of breaks in its longitudinal profile. Primary sources of water in the watershed are springs, streams (Dhara) and small rivers (Khola) through the surface and subsurface water flows originating mostly from the unconfined aquifers. Sikkim’s soils are classified as inceptisols (42.83%), entisols (42.52%) and mollisols (14.64%) by the National Bureau of Soil Survey and Land Use Planning (NBSSLUP). Damthang, Khedi, Sajong are some of the dominant soil series found in this watershed. Subtropical forest and cardamom agroforestry have loamy soils while paddy cropland has clayey loam soil [22]. The watershed is characterised by diverse human–nature interaction. The majority of the area in the watershed is rural, and about 29.07% of the total population are cultivators or agricultural labourers, whereas the total agricultural land available for cultivation is 17.63% [4].




2.2. Sources of Data


Data for the study includes field observation, questionnaire surveys, key informant interviews and focus group discussions conducted during 2017–2018.



2.2.1. Field Observation


Initially, a reconnaissance survey was conducted across different agro-ecological zones. Based on the survey result, the agriculture and farming practices, agroforestry systems, and irrigation system, among others, were identified for study.




2.2.2. Focus Group Discussion (FGD)


Representative participants from all the high, mid and low ecological zones were selected. From selected villages, four to six focus groups were prepared with a maximum number of five to six participants from farmers. Agriculture Extension Officers, Innovative Farmers, Village Panchayat Heads, and Farmers with large, medium and small landholdings were involved in FGD as they are the main stakeholders in agriculture system and land productivity. FGD aimed to understand their perception, knowledge and idea on the dynamics and driver of agriculture challenge.




2.2.3. Key Informant Interview (KII)


KII was conducted from purposefully selected agriculture and rural development officials, elders and natural resource management experts from all ecological zones. The interviews were mainly focused on the perception and experience of the community on driving forces in the agriculture sector and strategies for improvement.




2.2.4. Sampling, Questionnaire Survey and Study Design


A sample size of 300 households from 9 villages was obtained from the watershed, 100 each from, i.e., low (300 m to 800 m), mid (801 m to 1500 m) and high (1501 m and above) were selected through stratified random sampling method to select households for the questionnaire survey. In cases of the absence of the selected household head, a random substitute was included. A systematic questionnaire was used to obtain detailed information on the agricultural production system of the sampled households’ land. Farmers were requested to answer out a structured questionnaire that took between 30 and 40 min to complete. Informal interviews were also conducted with each of the following groups: farmers with small, medium and large landholdings, traders cum transporters of agriculture products, the Village Development Committee President and the bank representative of the area. Samples from the selected villages are representative of the study population in the watershed due to the systematic selection technique used, large sample size, wide distribution of respondents over each ecological zone and high response rate.





2.3. Characteristics of Households


Agriculture is the main economic activity of the watershed except for the urban area (Gangtok) as a majority of the watershed is rural. The majority of the households in villages still manage a mixed farming system, with primarily subsistence crops and a herd of cows and goats. Table 1 shows the characteristics of respondents from the selected villages. Farmers constitute around 24.03% of the working population, while agricultural labourers constitute about 5.04%. According to data collected during field survey, 71.33% of respondent families are nuclear, with an average household size of four people. In all ecological zones, almost 47% of respondents are marginal farmers with less than 0.5 hectares of land. Farmers with medium-sized landholdings are 30% in all ecological zones while large landholding farmers are 22.66% (Table 1). Furthermore, these families tend to have soils that are less productive and have lost most of their previous production capacity. Maize, paddy, ginger, vegetables and cardamom are still the main crops, of which paddy, ginger and vegetables require manure. Other important crops are millet and potato. The main uses of animal traction are for land preparation, and since only a few families own a pair of oxen, they are rented to other families in exchange of labour. The majority of the watershed families do not have fallow seasons in their agricultural rotation. As a result of this, as well as other constraints such as low-quality seeds and low planting density, traditional agriculture methods have been lost, and agricultural productivity levels in this region are often extremely low, making soil and water conservation a pressing concern.




2.4. Classification of Ecological Zones and Study Villages


As per the requirement of the study, the watershed was classified into three distinct agro-ecological zones, i.e., high, medium and low based on the altitude, climate, major crops type and irrigation sources (Figure 2). Surveyed villages are plotted on the ecological zone map. Each agro-ecological zone is characterised by differences in cropping patterns, crop productivity levels and land management practices. The area under the low ecological zone falls under tropical climate, which covers the smallest area in the watershed, while the mid ecological zone falls in the subtropical and high ecological zone in temperate climate covering the largest area of the watershed. Out of the total geographical area of the watershed 254.64 km2 (25,464 ha), 13,819 ha (54.27%) was under the high zone, followed by 10,230 ha (40.17%) under the middle zone and 1415 ha (5.56%) in the lower zone. Table 2 outlines the most important geographical, climatic, cultural and socio-economic differences among the ecological zones.




2.5. Data Interpretation and Analysis


Data processing and analysis were carried out using a combination of techniques, such as the application of remote sensing, GIS-based data processing and descriptive statistics. Data collected through qualitative methods (FGD, KII and personal observation) were analysed through descriptive statistics. Secondary data sources, such as climate, official reports and published materials, were also used to support the analysis of KII and FGD. With the help of SPSS software, descriptive statistics were utilised to investigate general trends within the dataset, while a one-way analysis of variance was employed to test the research expectations. One-way ANOVA analysis (0.05 or 5% level of significance) was performed to identify the significant difference in challenges among low, mid and high ecological zones.





3. Result and Discussion


3.1. Major Drivers


In Rani Khola watershed, the majority of the farmers are practicing subsidence farming on their small and fragmented farmlands with limited access to modern agricultural machines. The land is under immense pressure and maintaining land productivity is a challenging task. Existing poverty, socio-economic conditions, limited resources, climate variability, soil erosion due to higher slope, mismanagement of agricultural land, limited means of irrigation, seasonal water scarcity and methods of cultivation are the major derivers of land productivity in the watershed. These drivers influence agricultural output and farmer livelihood in the watershed. Some of the drivers are interconnected. The state of agricultural productivity in the watershed can easily discourage farmers and other stakeholders. Furthermore, as the status of climate change worsens, the challenges to agricultural productivity are increasing.




3.2. Major Challenges


Looking at the complexities of the various challenges farmers face, they may be grouped into three major categories, namely environmental challenges, socio-economic challenges and agronomic challenges. The environmental challenges include climatic challenges such as erratic rainfall, cold waves, hailstorm, frost, water scarcity, loss of soil due to landslides and pollution caused by emerging industries. The socio-economic challenges include small and fragmented landholdings, existing poverty, higher investment cost, lack of alternative sources of income. The agronomic challenges include problems related to cultivation and production such as soil erosion, low production, pests and disease, human–wildlife conflict and loss of indigenous ecological knowledge (IEK). See the Table 3 bellow.



One-way ANOVA at p < 0.05 level of significance has revealed that there is no significant difference among various challenges in the selected ecological zone of the watershed.



3.2.1. Environmental Challenges


Climatic Challenges: Temperature and Rainfall


There is a considerable variation in the climatic conditions in the watershed (temperature and rainfall) throughout the year. About 83% of the households that participated in the questionnaire survey reported that they had experienced temperature increase, while the remaining 17% were either ignorant about the issue or did not respond. A similar observation was also recorded for rainfall where the majority of the respondents reported the unpredictable pattern and uneven distribution of rainfall. By and large, climate factors affect agriculture in a significant manner. About 88% of farmers in all ecological zones were aware and had experienced changing climate and responded that erratic rainfall patterns, temperature rise, cold waves, hailstorm and frost had intensified (Table 4) and affected agricultural production and net revenue. Heavy hailstorm is reported to destroy the roof of greenhouses, which makes them unusable for crops. Some of these challenges are very frequent, while others are less noticeable (Table 5). Due to changing climate, there is variation in rainfall patterns, as reported by the farmers, and it is correlated with the Indian Meteorological Department (IMD) data [23,24]. The significant impact of climate change on biodiversity, hydrology, agriculture and livelihood has been reported in Sikkim Himalaya [23,25,26]. According to farmers, the erratic rainfall, decline in seasonal snowfall in the high elevation zone of the watershed and declining large cardamom production are the major climate change indicators of the watershed. Decline in large cardamom production due to changing climate has also been reported all over Sikkim by various studies [27,28]. Large cardamom is the major cash crop of the state and nearly 52% of the farmers during the questionnaire survey reported that practicing large cardamom-based agroforestry is now becoming difficult.




Water Scarcity/Availability for Irrigation


The farmers in the watershed have never faced a situation such as drought; however, the scarcity of water during peak winter and summer is becoming a major problem. Despite receiving adequate rainfall during the monsoon season, springs of the watershed do not recharge enough, due to the lack of sponge action and higher runoff, to last the whole year. In the Himalayan mountains, springs are the primary source of water for the majority of the rural households but are now not available to communities for drinking purposes and homestead farming [29,30]. This water is also used for irrigation purposes by households. Springs are recharged by rainwater infiltration and subsurface flow. About 80% of the households that participated in the questionnaire agreed that despite various conservation practices promoted by the government and adopted by local communities, water scarcity in the winter and summer seasons is a major concern among farmers (Table 4).




Soil Erosion


Soils in mountain and hilly areas are the foundation for good food production and, by playing a crucial part in the carbon cycle and water management, they aid local communities in mitigating and adapting to climate change [31]. Mountain soils are home to 25% of all terrestrial biodiversity, including agro-biodiversity, which is important for regionally adapted crops and livestock [31]. Soil is a fragile resource that needs time to regenerate. However, soil erosion in the watershed has been aggravated by landslides and terrace failure in the last few years [32]. Water-induced soil erosion is the most prevalent form of land degradation in Sikkim Himalaya [33]. Soil erosion is the highest in barren land followed by agricultural fallow land [32]. Wherever the surface of the soil is not covered by vegetation, sheet erosion and overland flow are highest, as the watershed is characterised by high mountains with a steep slope. Investing more in agroforestry is the most effective way to reduce soil loss, followed by terraces [34]. Nearly 90% of the respondent farmers in the watershed practice cultivation on terraces; however, the type of terrace also determines the soil loss. For example, minimum overland flow occurs in reversed terraces followed by levelled terraces, while sloping terraces cannot retain much water, and higher runoff causes high soil loss in the sloping terraces (Table 4). Therefore, more preference should be given to reverse or levelled terraces when constructing terraces [35].




Emerging Industries


In the last decade, many factories, industrial units and development projects have emerged, and their industrial waste and pollutants such as chemical waste, water polluter and air pollution are causing environmental degradation in the watershed. About 53% of farmers reported that there is an impact of emerging industries on overall crop production (Table 4). Occasional acid rain in the watershed is also an environmental problem reported by farmers during group discussions. Some of the farmers indicated that an increase in industrialisation in the low ecological zone is one of the major factors affecting environmental pollution and is linked with acid rain.





3.2.2. Socio-Economic Challenges


Small and Fragmented Landholdings


Population growth and land distribution to newer generations lead to the division of landholdings into fragmented and small landholdings. Due to this, nearly 50% of the farmers in the watershed are marginal. Small landholdings cause lower net revenue and lower the risk appetite of farmers. Small and fragmented landholdings lead to multiple problems such as higher labour input, transportation cost, irrigation cost and construction measures. Hence, marginal farmers are forced to grow cash crops that require less input cost and yield higher benefits. Crops that have longer payback periods, such as mandarin and large cardamom, are avoided by marginal farmers and have been replaced by crops such as ginger, turmeric, offseason vegetables grown in the greenhouse, etc. However, for long-term sustainable production, higher investment into the soil is necessary.




Existing Poverty


Existing poverty and the low income of small landholdings farmers are major economic challenges faced by farmers in the watershed. As the majority of the farmers have marginal and medium landholdings, the ability to invest input capital into soil conservation is very limited. Despite this, they use their traditional knowledge and locally available resources to maintain soil fertility. The majority of marginal farmers rely on the agronomic and biological measures of SWC as mechanical measures require more input cost, and returns are expected after an initial period of one to two years. The strong community support and resource base of the watershed also helps to tackle the problem. Community groups help to provide agricultural loans to the farmers and farmers collectively work to build conservation structures that involve higher labour costs, such as infiltration ditches, gully erosion control measures and terraces.




Higher Investments Cost


The higher investment cost is a major constraint for marginal farmers with small and fragmented landholdings, and due to this, the majority of farmers in the watershed are more inclined towards the lower input and higher revenue crops as well as lower input agronomic measures. Farmers in the watershed still use their traditional tools for farming and the major investment in the field are in the form of labour cost which is often taken care by the local farmer’s community support. However marginal farmers are distressed and often do not want to invest in the conservation measures that require higher inputs for long-term sustainable production of crops.




Lack of Alternative Source of Income


Lack of alternative sources of income for livelihood is another issue for the farmers. Being dependent on single income through agriculture reduces their ability to invest in long-term conservation measures. Poor literacy and unskilled labour force are also one of the major reasons behind unemployment of the rural population of the watershed. Low education is also a drawback for farmers as they are unaware of new agricultural tools and techniques. The majority of household family members of the farmers are either unemployed or self-employed, working in their own small shops, which does not provide sufficient income to sustain their lives without agriculture.





3.2.3. Agronomic Challenges


Farmyard Manure/Green Manure


Livestock is an integral part of the agriculture production system in the watershed. Traditionally, the majority of families maintain livestock, but it has been observed during the field survey that the number of livestock is declining rapidly, which results in reduced manure availability for crops.




Low Production


Since the ban on chemical fertilizers in 2005, the decline in the production of crops is reported all over the state of Sikkim. The production capacity of land per hectare has declined in Sikkim compared to other Indian states; however, according to farmers, the production has increased over time, and organic farming will help to maintain soil fertility in the long run. To increase the overall production in the long run, investment in soil fertility management along with traditional mixed farming practices is required.




Pests, Diseases and Human–Wildlife Conflict


The incidences of pests and diseases are frequent in middle and lower ecological zones. Controlling pests and insects is also one of the major problems in some areas that is affecting overall production. Since the ban on chemical fertilizers, farmers are using cow urine and other organic manure and agronomic measures to reduce pests, diseases and weed growth in farms. Increasing the scientific awareness of insects and diseases through government programs could help farmers to tackle the problem before it becomes too late. Respondents from areas closer to forests reported that sometimes their crops are also being destroyed by groups of monkeys.







4. Strategies for Improved Agriculture and Livelihood Security


To encourage the adaptation of innovative technologies, there is a need to create awareness and interest among the beneficiaries, and evaluation, trials and demonstration at farmer’s fields are also required. In this section, some of the validated innovative technologies suitable for mountain regions are described in detail. It is also not out of place to mention that these innovative technologies have already been demonstrated and evaluated for their utility and effectiveness, including costs. This technical information material will be useful for agriculture extension workers, and development programme managers. Most of the selected technologies (contour hedgerow, biocomposting, low-cost greenhouses and rainwater harvesting systems) have been tested and validated under actual field conditions to observe their cost-effectiveness utility, adaptability and other characteristics by GBPIHED (Sikkim and Northeast Unit).



4.1. Reverse Sloping Terraces


Hilly terrain and erratic heavy rainfall are the major causes of soil and water loss in the region and terracing is the best suitable strategy to minimise soil erosion. Terracing is one of the major SWC techniques practiced in Sikkim Himalaya, which is not only environmentally beneficial but also gives higher returns after the initial 2 years [35,36]. While constructing terraces, farmers choose the terrace type according to local physiography and raw materials. Constructing reverse terraces having a slope towards the upper wall is more efficient for retaining soil moisture and nutrients, and similar observations were recorded by studies in Nepal Himalaya [37]. The number of farmers practicing terraced agriculture in the watershed is more than 90%; however, reversed terraces are not very popular and are observed only on very steep slopes. Constructing reversed terraces may increase the overall productivity of soil by reducing overland flow and soil nutrient loss.




4.2. Wall Growing Crops


Crops that can grow on the terrace walls or steep slopes such as soybean can be used for growing on terrace walls. This will not only protect the soil but also help to increase the revenue and utilise the terrace walls. Farmers in the watershed are already practicing vegetative barriers and a variety of grasses are grown on terrace walls and bunds. Growing wall crops such as soybean, ricebean and Napier grass could help to provide extra income to farmers and in strengthening walls to prevent terrace failure during heavy rainfall.




4.3. Greenhouse/Playhouse


Polythene-covered houses are a scaled-down version of conventional greenhouses. Cutting down the cost of polyhouses makes them accessible to a large section of users who can grow vegetables, ornamentals, foliage and other plants in them. The offseason vegetables grown in the polyhouse environment are sold at a higher price. Greenhouse/polyhouses are also major opportunities for farmers to generate higher revenue by investing in offseason vegetables. The concept of the greenhouse is being popularised in the watershed by the local agricultural department, and some government-funded greenhouses are also provided to farmers in the watershed (Figure 3A,B).




4.4. Floriculture and Horticulture


Through the use of low-cost polyhouses, a major breakthrough has been achieved in vegetable and flower cultivation in Sikkim. Floriculture is among one of the major potential cash crops in the watershed. Cymbidium, orchid, calla lily, rose, carnation and Lilium are the major flower species grown under floriculture. Floriculture has been able to modify the entire concept of horticulture in the watershed, assisting it in its transition from hobby gardening to a profitable venture. Farmers in Sikkim treasure the Sikkim mandarin for its sentimental and economic importance. Large farmers in the watershed are growing various horticultural crops. Turmeric, ginger and vegetables are major horticulture crops cultivated in the watershed, while major horticulture fruits are guava, peach, passionfruit and banana. Infrastructures to support production, post-harvest and marketing should be provided by local authorities integrating all ongoing programmes for sustainable growth of floriculture and horticulture in the watershed.




4.5. Improved Variety/Seeds of Field Crops


Farmers in the watershed are using low-yielding varieties of crops, and using high-yielding variety seeds (HYV) could increase the overall production and net revenue. These seeds are proven to be able to increase the yield and mature earlier than local seed varieties. However, farmers in the watershed are not using them. The reason behind the non-usage of HYV seeds is their non-popularity, since the majority of the farmers are not aware of the benefits of these types of seeds and those who are aware do not want to use them, due to the taste of crops grown with hybrid or HYV seeds. Fear of failure is also a major reason for the non-adaptation of a new variety of seeds.




4.6. Rainwater Harvesting Structures


Even after receiving heavy rainfall during the monsoonal season, the watershed suffers from water scarcity during peak summer and winter seasons. This is due to poor water management. Constructing low-cost rainwater harvesting structures such as infiltration tanks, ponds and low-cost rooftop rainwater harvesting systems could be used for irrigating high-value crops during dry seasons. Rainwater can be stored and used for many agricultural as well as domestic purposes. Many houses in the watershed have already installed rainwater harvesting systems to store the water for domestic and agricultural uses, an example of a low-cost roof rainwater harvesting system is shown in Figure 3F, where the farmer has used bamboo, plastic bottle and pipe to collect the rainwater from the roof. Infiltration ditches are also constructed by farmers in different parts of the watershed; however, the number of rainwater harvesting systems and infiltration ditches is still insignificant and requires more attention.




4.7. Increasing Production


The state is deficient in food production due to low per hectare production. Farming practices such as mixed cropping and crop rotation are already practiced by 89% and 100% of the respondents, respectively, which shows that the farmers in the watershed are already intensively using the agricultural space and time to increase the overall yield per hectare/year.



Using a high-yielding variety of seeds along with mixed cropping and crop rotation can help to increase the overall production. To increase the revenue, focus should be given to traditional cash crops of the region. Adaptation of pest management practices is also important to prevent the crop from pests and disease. Crop rotation and mixed farming naturally help to break the cycle of pest and disease and application of cow urine in the crops help to prevent pests in the field. FYM also helps to increase soil fertility and helps in increasing overall production.




4.8. FYM Preparation under Shade and Use of Terrace Gravity Flow to Collect Livestock Urine


FYM and livestock urine play an important role to increase the productivity of the soil and decreases the growth of pests and disease in the crop. To improve the manure quality (N, C, P, K) it should be prepared under the shade to help it mature early. Collecting the livestock urine and storing it is a hectic task for farmers and requires energy and time; however, using the terrace gravity flow to collect the livestock urine could be useful in saving time and energy and conserving urine quantity.





5. Policy Implication


The agricultural development in Sikkim Himalaya is guided by many organisations such as the International Mountain Society, FAO and UNEP and has been providing global leadership on sustainable mountain development for decades. While mountain agriculture has made progress, finding new, responsive solutions that directly address mountains in terms of Sustainable Development Goal 2—Zero Hunger—is still a work in progress. Various national and state-level programmes to strengthen the food security, water availability and agricultural sustainability through horticulture and agroforestry have been introduced in the last few decades, such as Horticulture Mission for the northeast and Himalayan states (HMNEH) 2001, National Bamboo Mission 2007, Sikkim Organic State Mission 2005, National Mission on Medicinal Plants (NMMP) 2009, National Food Security Mission 2007 (NFSM), Sikkim Dairy Mission 2009-2012 and Sikkim Poultry Mission 2009–2012. The majority of these programmes have worked on cluster demonstration, seed distribution, distribution of equipment, providing seed storage facility, supporting fodder growth, season-based training and increasing awareness. To conserve water in the region, state governmental policies, such as the Dhara Vikas Yojna, have worked to revive springs and streams that supply drinking water to more than 80% of the state’s rural households. Existing agricultural policies in the state have helped to support the sustainable agricultural approach.



It is the impact of traditional knowledge of farmers and state policies that the dense forest cover in the watershed is increased by 41.76 km2 from 1988 to 2017 as indicated by the LULC analysis [4]. We expect to see more policies and programmes that aim to provide direct benefits to marginal and medium-scale farmers through high-yielding seed varieties, awareness programmes, floriculture and horticulture promotion programmes for small-scale farmers. We also hope to see a greater emphasis on cropping systems in planning and legislation, which will not only help to decrease erosion but also enhance productivity, lower costs and encourage people to manage their land more sustainably.




6. Conclusions


The resources and local agricultural knowledge present in the watershed are sufficient to sustain the agriculture system, but problems triggered by climate change, increasingly frequent extreme weather conditions, erosion of soil and in the rainy season, existing poverty, higher input cost, diseases and pest in crops and anthropogenic activities such as inappropriate land management, acidification of soil due to land pollution, acid rain and overpressure on cultivated land are major reasons for declining agricultural productivity. All these reasons are causing shortage of food self-sufficiency in the watershed, which has a larger impact on marginal farmers. If the suggested innovative solutions are employed correctly, such as the construction of more reverse sloping terraces to reduce soil erosion, investing in greenhouse/polyhouse-based horticulture, floriculture and cardamom- and mandarin-based agroforestry may fetch long-term sustainable benefits. These benefits can be further strengthened by using improved seed varieties for higher production, constructing rainwater harvesting structures, preparation and production of more FYM, use of terrace gravity flow to collect livestock urine as well as the improved implication of existing state agricultural policies. Popularising the traditional ecological knowledge of farmers in Sikkim Himalaya and their generations of SWC knowledge is needed for sustainable agriculture as well as the ecology of the region. For hundreds of years, farmers of the watershed have been practicing these conservation techniques and even after unfavourable conditions such as steep slopes, erratic rainfall, high soil erosion during monsoon and small terrace sizes, the farmer are able to sustain and generate income. These traditional conservation techniques require more attention from researchers and planners to preserve valuable knowledge and include them in the agricultural policies of the state. Policies should focus on improving and supporting marginal farmers, as they are the ones who need it the most. When making decisions and planning, it is equally important to include the participation of local representatives. It is worth noting how land is maintained is influenced by the thousands of individuals that use it, and progress cannot be accomplished unless the land users themselves are involved in the process.
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Figure 1. Location map of the Rani Khola watershed. 
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Figure 2. Ecological zones and surveyed villages of the watershed. 
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Figure 3. Photographs captured during field survey. Low-cost greenhouse/polyhouse (A,B), floriculture and homestead garden (C,D), rainwater harvesting structures (E,F), horticulture crop turmeric (G) and urine collection structure (H). 
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Table 1. Characteristic of Surveyed Households in all ecological zones (n = 300).
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S. No.

	
Parameters

	
Ecological Zone




	
Low (%)

(n = 100)

	
Mid (%)

(n = 100)

	
High (%)

(n = 100)




	
1.

	
Respondents of Households Surveyed

	
Male

	
72

	
87

	
69




	
Female

	
28

	
13

	
31




	
2.

	
Age of the Respondents

	
Between 30 and 45 years

	
13

	
9

	
16




	
Between 46 and 60 years

	
37

	
58

	
57




	
More than 61 years

	
50

	
33

	
27




	
3.

	
Family Structure

	
Nuclear

	
75

	
68

	
71




	
Joint

	
25

	
32

	
29




	
4.

	
Education of Household Head

	
Illiterate

	
9

	
7

	
5




	
Up to senior secondary Level

	
45

	
61

	
71




	
Graduation and above

	
44

	
32

	
24




	
5.

	
Average Size of Household (Person/household)

	
4.3

	
4.1

	
3.9




	
6.

	
Operational Size of Holding (ha)

	
Marginal (<0.5)

	
47

	
49

	
46




	
Medium (0.5–1)

	
35

	
26

	
29




	
Large (>1)

	
18

	
25

	
25




	
7.

	
Livelihood Sources

	
Agriculture

	
65

	
56

	
60




	
Agriculture and Non-agriculture

	
23

	
29

	
24




	
Services

	
12

	
15

	
16
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Table 2. Characteristics of ecological zones in the Rani Khola watershed.
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	Ecological Zones/

Climate
	Altitude

Range

(m)
	Area (ha)
	Area (%)
	Irrigation Source
	Agriculture/Major Crops





	Low (Tropical)
	311–800 m MSL
	1415
	5.56
	Channel irrigation and rainfed
	Subsistence/Commercial

Suitable for subtropical crops maize, paddy, cardamom, millet, pulses, oranges, ginger, peaches, pears, guava, papaya, citrus, potato, oilseeds.



	Medium (Subtropical)
	801–1500 m MSL
	10,230
	40.17
	Spring channel and rainfed
	Subsistence/Commercial

Field (paddy, wheat) and horticultural crops belt (maize, large cardamom, barley, oranges, grapefruit, soybeans, peas, beans, potato, ginger)



	High (Temperate)
	1501–4112 m MSL
	13,819
	54.27
	rainfed
	Subsistence/Commercial

Large cardamom, maize, buckwheat, potatoes, peas, apples







Meters = (m), hectares = (ha), mean sea level = (MSL).
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Table 3. Environmental challenges faced by farmers in the watershed.
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	S. No.
	Major Environmental Challenges
	Frequency





	1.
	Seasonal water scarcity
	Regular



	2.
	Hailstorm
	Regular



	3.
	Cold wave
	Occasional



	4.
	Frost
	Occasional



	5.
	Landslides
	Regular



	6.
	Acid rain
	Occasional
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Table 4. Major challenges faced by farmers in Rani Khola watershed.
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Major Challenges

	
Ecological Zones




	
Low (n = 100)

(%)

	
Mid (n = 100)

(%)

	
High (n = 100)

(%)

	
Mean






	
(1) Environmental Challenges




	
Changing climate

	
91

	
85

	
89

	
88.3




	
Water scarcity/availability for irrigation

	
75

	
80

	
85

	
80




	
Soil erosion and runoff

	
67

	
71

	
79

	
72.3




	
Pollution caused by emerging industries

	
56

	
61

	
49

	
55.3




	
(2) Socio-economic Challenges




	
Small and fragmented landholdings

	
100

	
100

	
100

	
100




	
Existing poverty

	
72

	
67

	
79

	
72.6




	
Higher investment cost

	
100

	
100

	
100

	
100




	
Lack of alternative source of income

	
91

	
87

	
81

	
86.3




	
(3) Agronomic Challenges




	
Farmyard manure/green manure

	
53

	
57

	
55

	
55




	
Low productivity

	
41

	
53

	
47

	
47




	
Pests and disease

	
60

	
62

	
59

	
60.3




	
Human–wildlife conflict

	
52

	
59

	
67

	
59.3




	
Loss of indigenous knowledge on management practice

	
27

	
33

	
29

	
29.3
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Table 5. Analysis of variance (ANOVA) findings for challenges in agriculture production in each ecological zone of the Rani Khola watershed of Sikkim Himalaya.
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Ecological Zones

	
Mean

	
SS

	
df

	
MS

	
F

	
p-Value

	
F Crit






	
Low

	
68.07

	
53.12820513

	
4

	
13.28205128

	
0.027444307

	
0.99

	
2.64




	
Mid

	
70.38




	
High

	
70.69








Sum of Squares = (SS), degrees of freedom = (df), mean sum of squares = (MS), F-statistic (F), F critical = (F crit).
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