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Abstract

The Garhwal Himalaya region features rugged terrain, fragile ecosystems, and an economy that depends
on subsistence practices, yet has maintained traditional farming methods for hundreds of years,
sustaining its mountain communities. This research investigates how indigenous farming systems
interact with local sustainable livelihoods, demonstrating that traditional agricultural practices from the
past protect economic stability, food security, and environmental sustainability in modern times. The
traditional agricultural practices of Garhwal, including terrace farming, mixed cropping, crop rotation,
and indigenous seed preservation, have evolved over multiple generations to adapt to the region's
difficult topography and changing climatic conditions. The community's local knowledge systems and
cultural traditions use these practices to demonstrate their deep understanding of mountain agroecology.
The traditional agricultural system has undergone substantial changes due to rapid societal and
economic development, including population movement, land abandonment, shifting climate patterns,
and market expansion. The study examines how traditional agriculture affects household income by
influencing agricultural output, household income, food security, and environmental preservation. The
research investigates traditional methods because they help preserve soil, conserve water, and protect
biodiversity. However, they pose challenges due to their high labour requirements, limited market
opportunities, and declining financial returns. The research highlights how women sustain agricultural
practices through their labour and teach farming methods to their descendants. The Garhwal Himalayan
region needs sustainable development solutions, which require understanding how traditional farming
affects people's ability to sustain their livelihoods.

Keywords: Garhwal Himalaya, traditional agriculture, livelihood sustainability, mountain farming,
indigenous knowledge.

Introduction

The Himalayan Mountain system, which contains one of the planet's most biodiverse
and topographically intricate areas, is a distinct region where humans have developed
agricultural techniques to survive extreme weather conditions throughout history. The Garhwal
Himalaya, which extends across the northwestern region of Uttarakhand state in India, reaches
its highest peak at 7,000 meters, rising from 300 meters in the foothills to its mountain summit.
The area exhibits diverse microclimates, soil types, and vegetation communities, owing to its
steep elevation range, resulting in multiple agricultural systems that demonstrate both creative
solutions and sustainable environmental practices (Maikhuri et al., 2001).

The Garhwal region's mountain farming systems depend on subsistence farming
because households need to secure their food supply in areas with limited resources (Sati,
2024). The mountain farmers in Garhwal developed advanced agricultural methods to
overcome challenges posed by steep terrain, shallow soils, unpredictable rainfall, and restricted
access to machinery. The local farming method of terrace cultivation, known as 'Seedi' farming,
demonstrates adaptive ingenuity by enabling farmers to convert unproductive hillsides into
agricultural fields while protecting soil from erosion (Tiwari, 2000).

The socio-economic context of Garhwal agriculture is shaped by three factors: human
settlement patterns, cultural identity, and seasonal migration. Villages are typically dispersed
across valley floors and mountain slopes because households need to maintain multiple land
parcels at different altitudes for their agricultural operations. The agricultural calendar, which
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follows monsoon rhythms and altitudinal temperature gradients, governs all farming activities,
as well as the full social and cultural activities of rural communities (Maikhuri et al., 2004).
The agricultural system, which operates with precise adjustments, faces its most severe
challenges in the twenty-first century. The combination of increasing urban migration from
mountain villages and limited job opportunities has created a shortage of agricultural workers,
leading to extensive land abandonment. Climate change currently disrupts established seasonal
weather patterns through unpredictable monsoon patterns, altered snowmelt periods, and an
increasing number of severe weather events, endangering traditional agricultural practices. The
entry of market economies into isolated mountain areas has created new consumer desires,
making it difficult for people to maintain their traditional farming methods (Negi & Joshi,
2004).

The research paper examines how traditional agricultural methods affect the
sustainability of local livelihoods in the Garhwal Himalayas. The research study uses a
multidimensional analytical framework encompassing economic, ecological, nutritional, and
socio-cultural aspects to evaluate indigenous farming knowledge as a sustainable development
resource in mountain regions. The research investigates essential aspects of preserving
traditional practices by adapting and recognizing them as vital resources, thereby improving
rural livelihoods during rapid social and environmental change.

Study Area

The study focuses on the Garhwal division of Uttarakhand, comprising seven districts:
Dehradun, Haridwar, Pauri Garhwal, Tehri Garhwal, Rudraprayag, Chamoli, and Uttarkashi.
The total geographical area of Garhwal is approximately 35,000 square kilometers, with
approximately 65 percent of it covered by forests, glaciers, and alpine meadows. In contrast,
only 14 percent of the land remains suitable for agricultural development (Census of India,
2011). The agricultural development process faces fundamental constraints because the
cultivable land is limited to steep, challenging-to-access hilly areas.

The Garhwal Himalaya comprises three agroclimatic zones, which educators have used
as a basis for agricultural mapping. The lower hills zone (below 1,000 meters) supports
subtropical crops, including rice, maize, sugarcane, and a variety of vegetables. The mid-hill
zone (1,000-2,200 meters) serves as the primary farming area, which produces wheat and
barley, finger millet (mandua), buckwheat (phaphar), and multiple traditional legume crops.
The upper hill zone (above 2,200 meters) allows only small-scale production of frost-resistant
crops during its brief growing season, resulting in pastoralism as the main source of income
(Ramakrishnan, 1992). Recent demographic data shows that 3.5 million people currently reside
in the Garhwal hills. The region's agricultural workforce has undergone major changes as
working-age men continue to leave their villages in search of employment elsewhere. The
process of women taking over agricultural work affects both traditional farming methods and
households' economic survival strategies, according to Joshi and his colleagues in 2004.

Methodology

The research uses multiple methods, combining qualitative and quantitative approaches
to study livelihood sustainability across its economic, ecological, nutritional, and sociocultural
components. Researchers collected primary data through structured household surveys and key
informant interviews with experienced farmers, women seed custodians, and extension
workers, as well as through focus group discussions, including women-only groups, to
document indigenous and gender-specific knowledge that structured instruments could not
capture. Researchers used field observation, along with Participatory Rural Appraisal (PRA)
tools, including seasonal calendars and resource mapping, to examine how land use, crop
diversity, and livelihood strategies evolved across different periods.
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The primary findings of this study were contextualized using secondary data, including
the 2011 Census of India, district agricultural statistics, and peer-reviewed research on
Himalayan agroecology. The research team analyzed quantitative data using descriptive and
inferential statistical methods to identify patterns in crop diversity indices, food security scores,
and income shares across different zones. The research team used thematic analysis to analyze
qualitative data collected from interviews and focus group discussions. The researchers
confirmed the research findings through community workshops, which validated all data
sources and allowed women farmers to present their agricultural expertise and work, which
sustains traditional farming practices in the Garhwal Himalaya region.

Results and Discussion
Traditional Agricultural Practices

Terrace Farming

Terrace farming is the primary agricultural method that enables Garhwal mountain
farmers to cultivate crops on steep land that would otherwise remain unproductive. The
construction of Garhwali terraces requires people to use their extensive knowledge of local
hydrology, soil properties, and slope stability, gained through years of practical research and
testing. The construction and maintenance of Garhwali terraces depend on manual labor and
family members for their operation. At the same time, the fields are protected by native grasses
and shrubs, which also provide animal feed (Tiwari, 2000).

The hydraulic engineering embedded in traditional terrace systems is especially
important. Terrace walls are designed through graded construction to allow controlled water
infiltration while preventing waterlogged conditions, and drainage channels direct excess water
between terrace levels. In areas dependent on spring water, intricate gul (channel) irrigation
systems distribute water across multiple terrace levels through a gravity-fed network that
requires continuous community maintenance and governance. These irrigation commons
represent sophisticated institutional arrangements for managing shared water resources under
conditions of scarcity and spatial heterogeneity (Agrawal, 2001).

Terrace systems provide ecological services that exceed their agricultural benefits,
creating stable slopes, replenishing groundwater, and fostering microhabitats. Terrace bunds
support diverse communities of useful plants, including medicinal herbs, edible greens, and
fodder species, helping households achieve better nutrition and increased income. The need for
continuous labour to maintain terrace integrity leaves it vulnerable during periods of labor
shortages caused by out-migration.

Mixed Cropping and Agrobiodiversity

The agricultural practices of traditional Garhwal communities use mixed cropping
systems, allowing farmers to grow multiple crop species in a single field. The 'baranaja’ system,
which represents the most common mixed cropping method, permits farmers to cultivate
twelve or more different crop species, which include cereals (finger millet, barnyard millet,
foxtail millet), legumes (black gram, horse gram, pigeon pea, cowpea), oilseeds (sesame,
flaxseed), and minor crops. The baranaja system demonstrates advanced ecological
understanding, including knowledge of how different plants interact, how nitrogen moves
through the ecosystem, how farmers protect their crops from pests, and how agricultural risks
spread across different farming methods (Maikhuri et al., 2004).

The ecological rationale for mixed cropping in mountain environments includes several
interconnected benefits. The practice of mixed cropping offers multiple advantages for
mountain regions, as supported by its ecological rationale. The leguminous components of the

32 Geographical Society of Central Himalaya



Himalayan Bulletin: Vol. 2(1) March 2026 ISSN: 3108-2130 (Online)

system fix atmospheric nitrogen through their natural processes, preventing soil fertility loss in
agricultural systems that depend solely on internal resources. The different growth patterns of
crops throughout their growing season create barriers that stop insect pest reproduction, while
also creating spaces where beneficial insects can thrive. The different harvest times of crops in
a mixed field create varying agricultural labor needs, reducing the likelihood of total crop
failure across all food sources. The physical design of mixed stands uses different plant heights
and growth patterns to maximize light capture, thereby reducing soil moisture loss through
evaporation (Ramakrishnan, 1992).

Crop Rotation Practices

The traditional crop rotation systems used in Garhwal demonstrate their ability to
understand how soil nutrients behave, how pests interact with their environment, and how
different resources become available throughout the year. The main rotation system of the farm
alternates between cereal and legume crops, occurring every year or every two years, while
leguminous plants help sustain soil fertility through their nitrogen-fixing abilities, thereby
eliminating the need for chemical fertilizers. The mid-hill zone uses a standard three-year
rotation system, which begins with wheat or barley cultivation during the rabi (winter) season
and continues with mixed millets and legumes during the kharif (monsoon) season, while the
system requires a fallow period every three years to let the soil recover its natural state (Tiwari,
2000).

Different altitudes lead to different production possibilities, creating production
limitations for various rotation methods used at different altitudes. In the lower hills, paddy
farmers use terraced fields to grow kharif crops, which they follow with wheat or mustard
cultivation during the rabi season to maximize their agricultural production. Farmers at higher
elevations need to adopt single-cropping systems, which require them to choose frost-resistant
crop varieties, as their growing season lasts only until the first frost. The traditional knowledge
system used in these agricultural rotations contains extensive information on crop varietal
traits, ideal planting times, and soil management requirements, developed over multiple
generations by farmers.

Indigenous Seed Systems and Biodiversity Conservation

The preservation and control of traditional agricultural plant varieties exist as the most
undervalued aspect of Garhwal agricultural heritage. The farming communities in this area
keep vast quantities of landrace seeds, including native plant varieties developed through local
agricultural practices to thrive in the specific environmental conditions of their region. The
landrace collections serve as an essential genetic resource that supports research into adaptive
strategies for addressing climate change and other environmental transformations (Rao et al.,
2017).

The indigenous seed systems of Garhwal maintain their diverse seed varieties through
social seed exchange networks that govern seed selection and storage. The storage system for
valuable traditional seeds uses specialized containers that include natural preservatives that
protect stored seeds from insect and fungal damage through the use of ash, neem leaves, and
dried chili powder. Traditional seed custodians use multiple traits, including yield, taste,
storability, pest and disease resistance, and cultural value, to evaluate their seeds, as these traits
often carry genetic information that plant breeding programs cannot detect (Rao et al., 2017).

Agropastoral Integration

Traditional Garhwali farming systems depend on integrating livestock with agricultural
fields because this practice creates systems that optimize resource use in mountain areas with
limited nutrients. Farmers keep cattle, buffalo, sheep, and goats because these animals provide
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milk, meat, and fibre, while their manure maintains soil health in fields that lack synthetic
fertilizers. The 'Bugyal' grazing practice allows transhumant users to move their livestock
between valley farms and high alpine pastures, which enables them to use multiple altitudinal
zones for their household farming operations (Maikhuri et al., 2001).

Impacts on Livelihood Sustainability

Food Security and Nutritional Outcomes

The relationship between traditional agricultural practices and household food security
in Garhwal operates through multiple pathways that extend beyond simple caloric adequacy to
encompass nutritional diversity, seasonal availability, and dietary quality. Mixed cropping
systems and the cultivation of multiple traditional varieties provide households with access to
a diverse range of nutrients, including proteins from legumes, complex carbohydrates and fiber
from millets, and micronutrients from traditional vegetables and minor crops (Maikhuri et al.,
2004).

The study shows that traditional diets that use local crop diversity achieve better
micronutrient outcomes than diets that use store-bought basic foods. Traditional millet
varieties, including finger millet (Eleusine coracana) and barnyard millet (Echinochloa
frumentacea), provide their highest nutritional value through their calcium, iron, and dietary
fiber content, which exceeds that of polished white rice and refined wheat flour, which
currently dominate commercial diets. The nutritional value of traditional crop diversity is
affected by land abandonment and market integration, as both processes create direct
nutritional effects that mainly impact vulnerable household members, including women and
young children.

Income Generation and Economic Dimensions

The economic contribution of traditional agriculture to rural livelihoods in Garhwal
needs assessment, focusing on its direct income generation and its indirect benefits through
subsistence production, which reduces household food expenses. Traditional farming systems
produce low direct cash income because farmers can only sell small amounts of their crops.
They have difficulty accessing markets, yet these systems deliver substantial value to
households through their agricultural production, which serves as a financial backup during
income disruptions across multiple livelihood pathways (Negi & Joshi, 2004).

Emerging market opportunities for organic and traditional food products represent a
potentially significant pathway for enhancing the income-generating capacity of traditional
Garhwal agriculture (Table 1). The Indian urban market is seeing increasing demand for
authentic mountain foods, heritage grain products, and organic produce, creating premium
pricing opportunities for farmers who maintain quality standards and establish market
connections. Products such as mandua (finger millet) flour, jhangora (barnyard millet),
traditional rajma (kidney bean) varieties, and mountain honey have demonstrated market
viability in specialty and health food segments, though translating farm-level production
potential into realized market income requires significant supply chain development (Rao et
al., 2017).

Table 1: Key Traditional Crops and Their Livelihood Significance in Garhwal Himalaya

Crop (Local Name) Scientific Name Primary Use Altitude Range Market Potential
Mandua Eleusine Staple food, 800-2200 m High
coracana nutrition
Jhangora Echinochloa Cereal, kheer 600-1800 m Moderate
frumentacea
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Phaphar Fagopyrum Flour, rotis 1500-3000 m Growing
esculentum
Gahat Dolichos Protein source, dal 800-2000 m High

biflorus

Rajma (local) Phaseolus Food, cash crop 1200-2800 m Very High
vulgaris

Til Sesamum Oilseed, ritual 500-1500 m Moderate
indicum

Ogal / Toria Fagopyrum Flour, livestock 1800-3200 m Low—Moderate
tataricum feed

Environmental Sustainability

The agricultural methods used in Garhwal have developed into sustainable systems that
maintain their farming output for extended periods while protecting the area's natural resources.
Terrace farming systems protect steep slopes from soil erosion by keeping topsoil from being
washed away by runoff and from sliding into landslides. The practice of adding organic matter
through crop residue incorporation, together with green manuring and livestock manure
application, helps to sustain soil biological activity and fertility in an area that faces difficulties
in accessing synthetic fertilizers due to their high costs and limited availability (Ramakrishnan,
1992).

The conservation value of traditional agricultural landscapes extends beyond their
preserved agricultural species to include their natural habitats, which sustain wild species with
ecological and economic value. Traditional terrace fields, with their bunds, hedgerows, and
water channels, create environments that support various pollinator species, soil organisms,
predatory insects, and small vertebrates, helping sustain ecosystem health. The trees and shrubs
maintained in traditional agroforestry systems provide habitat connectivity across agricultural
landscapes, supporting the persistence of biodiversity in heavily modified mountain
environments (Rao et al., 2017).

Traditional agricultural systems deliver essential ecological advantages through their
water management practices. Terrace farming is a sustainable agricultural method that prevents
water runoff while allowing water to infiltrate the ground, thereby sustaining groundwater
resources that serve as drinking water sources for mountain communities. Terrace farming
abandonment reduces water-absorption capacity, leading to reduced spring water flow across
multiple regions of the Garhwal Himalayas. This demonstrates how agricultural land
abandonment affects ecosystems. (Tiwari, 2000).

Women's Role in Traditional Agriculture

Women constitute the largest agricultural workforce in Garhwal, where they perform
essential tasks that sustain traditional farming practices. Studies consistently indicate that
women perform 60-80 percent of agricultural labor in Garhwali villages, including all activities
from seed selection and storage to field preparation and planting, as well as weeding,
harvesting, and post-harvest processing (Joshi et al., 2004). The traditional economic system
does not recognize this work, leading to a systematic undervaluation of women's agricultural
work and expertise.

Women in Garhwal have the primary responsibility for protecting traditional
agricultural crop varieties, along with the related agricultural knowledge systems that help
safeguard agricultural biodiversity. Through their activities as seed selectors, exchangers, and
seed storers, they serve as central figures who preserve landrace diversity and pass it down to
future generations. The expert knowledge base of this community serves as a vital resource that
supports both household food security needs and the protection of regional biodiversity.
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However, their expertise remains mostly unknown to official agricultural development plans
and policy systems (Maikhuri et al., 2004).

The growing agricultural responsibilities that women must handle because of male out-
migration create conflicting effects that impact both their ability to sustain livelihoods and their
access to equal rights. The agricultural work performed by women provides immediate benefits
by sustaining agricultural output and maintaining traditional knowledge; however, the increase
in their work duties without corresponding enhancements to their access to productive assets,
technological resources, market opportunities, and decision-making authority creates an equity
issue that sustainable development frameworks require addressing.

Challenges Confronting Traditional Agriculture

Out-Migration and Labor Scarcity

The Garhwal Himalaya faces its most serious challenge to traditional agriculture due to
out-migration, which is the main problem for agricultural operations. Census data, together
with field surveys, show that mountain village residents migrate to plains cities at high rates
during both seasonal periods and permanent moves because they find better economic
opportunities through non-farm jobs in the national economy, which has become more
interconnected. The rural population of Garhwal has experienced demographic and social
transformation, as out-migration mainly involves educated young men with advanced skills,
leading to villages with aging residents, female-led households, and a critical shortage of
agricultural workers (Negi & Joshi, 2004).

Traditional agricultural systems face multiple interconnected effects stemming from
their current worker shortage. The agricultural sector particularly suffers from labour shortages
because all of its labour-intensive tasks, which include terrace construction and maintenance,
complex mixed cropping management, and traditional post-harvest processing, become harder
to perform without sufficient workforce resources. The practices require excessive time and
effort, which household members must devote to their essential work, as most of these
households consist of women, older adults, and children. The region witnesses widespread
adoption of labour-saving techniques that simplify traditional farming methods by enabling
farmers to reduce their mixed crop variety, make terrace maintenance easier, and use
commercial products instead of manual organic farming practices.

Climate Change Impacts

Researchers have demonstrated that climate change now poses a substantial and
escalating threat to conventional farming methods in the Garhwal Himalaya region, as it
disrupts the delicate connections between agricultural calendars, crop selection, and
environmental factors that underpin traditional farming practices. Mountain agricultural
systems face direct consequences from documented trends, including changing monsoon onset
and duration patterns, increasing extreme rainfall events, declining snowpack levels, altered
snowmelt timing, and rising temperature fluctuations across seasons (Rao et al., 2017).

Traditional crop varieties display greater adaptability across environments and
improved stress resistance compared with modern high-yielding varieties, yet their ability to
cope with environmental changes remains limited. Varieties selected under historical climatic
conditions may perform poorly under altered temperature and precipitation regimes,
particularly with respect to vernalization requirements, photoperiod sensitivity, and heat and
drought tolerance. Climate change creates dual effects on adaptive capacity: it increases the
need for adaptation, yet decreases genetic diversity, which underpins such adaptation.
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Pathways Toward Sustainable Livelihoods

Integration of Traditional and Modern Knowledge

The most effective way to improve people's lives through agricultural development in
the Garhwal Himalaya begins with establishing proper methods for combining indigenous
knowledge with current scientific knowledge and available technological solutions. The
integration method establishes the authentic ecological knowledge present in traditional
agricultural practices while granting mountain farming communities their right to seek greater
productivity, economic growth, and improved living standards (Ramakrishnan, 1992).

The operational implementation methods combine soil science expertise with
traditional composting and organic manure management techniques. Participatory plant
breeding methods enable the creation of new plant varieties that combine the traditional
landraces' advantages with the modern varieties' higher yields and marketable qualities. The
development of labor-saving tools enables agricultural work in mountain terrace environments
to become less physically demanding while maintaining ecological management standards.

Geographic Indications and Value Chain Development

The creation of geographic indication (GI) certification, together with distinct market
positioning for traditional Garhwal agricultural products, serves as an essential strategy to boost
economic returns from traditional farming operations. The product identity protection that GI
certification provides through its geographic origin safeguarding creates obstacles to imitation,
allowing higher product prices while establishing official recognition of mountain food
products' cultural and ecological characteristics. The traditional Garhwali products known as
rajma varieties, mountain honey, and traditional spices contain attributes that would enable
successful GI application development.

Policy Frameworks for Mountain Agriculture

The traditional agricultural system and the sustainability of mountain livelihoods need
support through better policies, which require a complete overhaul of agricultural development
systems. Current agricultural policies in India, including support price systems, input subsidies,
and extension services, show an obvious bias towards irrigated plains farming, creating
disadvantages for mountain farmers who cannot access these resources.

The Garhwal region requires targeted policy measures to establish mountain-specific
seed systems that will keep traditional seed varieties available while supporting their adaptive
enhancement needs. The existing social protection systems must be expanded to include the
recognition and financial compensation of traditional mountain agricultural practices that
deliver environmental benefits. The establishment of dedicated market facilities and
institutional frameworks needs to support the complete value chains of mountain food products.
The economic sustainability of traditional farming will improve substantially through
investments in rural road networks, cold storage systems, and digital market entry points.

Conclusion

The research investigates how traditional agricultural methods interact with livelihood
sustainability in the Garhwal Himalaya, demonstrating how indigenous farming systems
contribute to household food security and income generation, environmental sustainability, and
cultural identity, as established in the literature. The evidence shows that traditional practices
such as terrace farming, mixed cropping, crop rotation, and indigenous seed management
deliver essential benefits that sustain livelihoods, and these practices require active support
through policy development and investment funding.
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At the same time, the analysis shows that traditional agriculture faces major challenges
from multiple factors, including out-migration, climate change, market integration, and
declining knowledge transfer between generations. The required responses must extend beyond
preserving traditional practices, as they must create pathways for actual economic and social
development that will improve the viability of mountain farming as a sustainable income option
for present and future generations.

The research study shows that identified pathways, including knowledge integration
and value chain development, policy reform, and dedicated assistance for women farmers,
create a unified approach to sustainable mountain agricultural development. The
implementation of these pathways needs different organizations, which include government
bodies, research institutions, civil society groups, and farming communities, to work together.
At the same time, they must prioritize the needs and viewpoints of mountain farmers, especially
women, in their development planning and decision-making.

The Garhwal Himalaya mountain range serves as a miniature version of the difficulties
and opportunities that mountain farming communities encounter throughout the Hindu Kush
Himalayan region and in other mountain ranges worldwide. The results from this region's
traditional agricultural practice maintenance and development work demonstrate how
indigenous knowledge systems function as dynamic systems that create economic
opportunities and environmental benefits in a world that is constantly changing.
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