Climate-Resilient Agriculture for
Tribal Farmers — Building From
What Exists

Odisha has always been weather-volatile. The state experiences cyclones, droughts,
floods, and erratic monsoons — sometimes in the same year. What is changing under

climate change is the frequency and unpredictability of extremes:
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Monsoon onset timing: Traditional agricultural calendars — when to sow, when to
transplant, when to apply compost — are calibrated against historical monsoon
patterns. Delayed or erratic monsoon onset disrupts these calendars in ways that
cascades through the whole season. Farmers who sow based on historical dates into

soil that isn't yet adequately moist face germination failure.

Extended dry spells within the monsoon: Even in years of normal total rainfall,
extended dry spells within the monsoon season — two to three weeks without rain
during the period when crops most need it — are increasing in frequency. Rain-fed

crops without supplemental irrigation cannot bridge these gaps.

Temperature increases: Higher temperatures during the growing season are
reducing yields of heat-sensitive crops and disrupting the timing of flowering and grain
fill. For millets — traditionally the most heat and drought-tolerant of tribal staple crops
— even these hardy varieties face stress at the upper temperature extremes now

being recorded.

Post-monsoon rains and harvest timing: Late-season rains that arrive when crops

should be harvested cause grain losses, fungal disease outbreaks, and storage quality



problems.

Forest fire season extension: Longer, hotter dry seasons are extending the period
when forest fires are a risk — affecting both NTFP availability and agricultural land on

forest margins.

Against this intensifying climate stress, tribal farmers in Odisha's highland districts are
managing with fewer resources and less institutional support than almost any

comparable farming community in India.

What Traditional Tribal Farming Systems Already
Do Right

Before designing any climate adaptation programme for tribal farmers, programme
designers need to understand what the existing farming system is already doing —

and why. The following are not quaint customs. They are functional adaptations.

Crop diversity as insurance

Most tribal farmers in highland Odisha grow multiple crops simultaneously — some
combination of millets (finger millet, little millet, kodo, foxtail), pulses (horse gram,
pigeon pea, cowpea), oilseeds (Niger), vegetables, and sometimes paddy where water
is available. This diversity is not inefficiency. It is portfolio diversification. When the
rainfall pattern favours drought-tolerant crops, the farmer has those. When rains are

adequate, the higher-yielding crops do well. No single failure destroys the season.

The PMC (Pure Millet Crop) approach — which some agricultural extension
programmes have promoted, replacing mixed cropping with single-crop millet
production — is agronomically simpler and easier to measure, and produces lower
climate resilience. The research consistently supports mixed cropping over

monoculture in rain-fed systems.



Traditional seed varieties as climate adaptation

Locally-adapted traditional seed varieties — selected by farmers over generations for
performance in their specific micro-climate — carry drought tolerance, pest resistance,
and nutritional characteristics that bred hybrid varieties do not. They are also free.
Farmers who save and exchange their own seeds are not dependent on market supply
chains that may fail at exactly the moment they are needed (drought years, when

input dealers' stocks are depleted).

The PMC Frontiers in Plant Science analysis (2025) documents finger millet's
exceptional resilience: it flourishes in marginal and degraded lands, withstands
drought, poor soil, and temperature stress, and requires minimal water and external
inputs compared to any alternative. This is not a new discovery. Tribal farmers in
Odisha have grown it for this reason for generations. What they often lack is: sufficient
seed stock of locally-adapted varieties; knowledge of improved agronomic practices
(spacing, composting) that increase yields from the same resilient varieties; and

markets that reward the crop's resilience with adequate prices.

Traditional water harvesting and soil conservation

Check dams (bandhs), terracing, and traditional water harvesting structures built and
maintained by communities in tribal highland areas are climate adaptation
infrastructure that in many cases predates any government irrigation investment.
Where these have been maintained, they buffer the impacts of dry spell
intensification. Where they have been allowed to deteriorate, dry spells that

communities previously managed through these structures now cause crop failure.

What Climate-Smart Agriculture Adds — and
What It Doesn't Replace

"Climate-smart agriculture" (CSA) is a framework promoted by FAO, McKinsey, and
international development bodies that describes agricultural practices that

simultaneously improve food security, enhance resilience, and reduce or remove



greenhouse gas emissions. In the smallholder Indian context, the most relevant CSA

practices for Odisha's tribal farmers are:

Seed bank development: Community seed banks (covered in the Millet Value
Chains Practice Note) that conserve diverse, locally-adapted seed varieties are the
single most important climate adaptation infrastructure for tribal farming
communities. They provide access to the variety diversity that makes crop portfolio
resilience possible, and they insulate communities from the market failures in

commercial seed supply that typically worsen during climate stress events.

The Sangham Seed Bank in Telangana — managed by women's groups, preserving 80
types of traditional food crops — is the benchmark model. Comparable community
seed banks in Odisha's tribal districts, facilitated through the OMM or independently,

are high-priority climate adaptation investments.

Water harvesting and tank restoration: Small-scale water harvesting structures —
check dams, percolation ponds, field bunds — buffer dry spell impacts significantly.
McKinsey's analysis of climate adaptation for Indian smallholders found water
management interventions among the highest-return adaptations available, noting
that almost every smallholder can adopt at least one water management adaptation

measure, and that those who adopt multiple measures achieve greater resilience.

MGNREGS, in tribal PESA areas where gram sabhas control worksite selection, is the
primary funding mechanism for community-designed water harvesting. An active gram
sabha that selects water harvesting works on land adjacent to its agricultural area,
rather than accepting whatever works the block office prescribes, is doing climate

adaptation.

System of Millet Intensification (SMI): Line sowing or transplanting at wider
spacing — the approach piloted under the OMM — produces 20-40% yield
improvement from the same locally-adapted varieties that communities already grow.

It does not require external inputs beyond the changed practice. It increases the



income per hectare from climate-resilient crops, making those crops economically

competitive with paddy even in years when water is adequate for paddy cultivation.

Bio-inputs replacing chemical fertilisers: Compost, jeevamrut, and locally-
produced bio-fertilisers improve soil organic matter — which improves soil water
retention, reduces the impact of dry spells, and produces crop yield benefits in the
medium term. Soil with higher organic matter content experiences less yield loss
during a dry spell than soil with low organic matter. The transition to bio-inputs is both

a productivity intervention and a climate adaptation.

Agroforestry integration: Trees on or adjacent to agricultural land moderate
temperature, provide organic matter through leaf fall, create microclimatic buffers,
and provide alternative income during crop failure years through fruits, nuts, and
timber. Traditional tribal farming systems often include tree integration; agricultural
extension programmes have historically encouraged field clearance rather than
agroforestry. Supporting communities to maintain and restore tree integration in their

agricultural landscapes is evidence-based climate adaptation.

What NGOs Should Not Do

Promote hybrid monoculture in rain-fed tribal contexts. The evidence across
contexts is consistent: monoculture of high-yielding varieties in rain-fed systems
increases income in optimal weather and collapses in bad weather. The same family
that produces a bumper yield from hybrid paddy in a good monsoon year produces
nothing in a drought year. The tribal farmer growing mixed millets and pulses on
traditional varieties produces less in the good year and much more in the bad year.

Climate adaptation favours the latter.

Import standard "climate-smart" curricula without contextualisation. A
climate-smart agriculture training module designed for peri-urban Maharashtra
farmers, or for irrigated systems in Punjab, is not climate-smart in a tribal highland in

Malkangiri. The adaptation measures, the crop systems, the social structures, the risk



profiles are all different. Build from the existing system, add specific technical

improvements, test them with community members before scaling.

Dismiss traditional seasonal calendars. Tribal farmers' traditional agricultural
calendars — which plants to sow after which phenological indicators, which practices
to follow after which weather signs — contain accumulated observational data that
formal agro-meteorology often cannot match at the local level. Climate change is
disrupting some of these indicators, and communities need support to update their
calendars accordingly. But the calendar-keeping practice itself is a climate resilience

tool, not an obstacle to it.

A Practical Programme Design Sequence

For an NGO wanting to support climate-resilient agriculture among tribal farmers in

Odisha:

First: Conduct a participatory agricultural calendar exercise with farmers in the target
community. What do they sow, when, in response to what indicators? Where is climate
variability already disrupting their calendar? What practices have they adapted

informally?

Second: Map seed diversity. What varieties of each crop does the community
currently grow? What varieties have been lost in the last ten years? What varieties do
elders remember that are no longer grown? This mapping is both documentation and

the foundation for seed bank design.

Third: Establish a community seed bank using the most valued, locally-adapted
varieties identified in step two. This is a one-to-two-month facilitation process that

produces the core climate adaptation infrastructure.

Fourth: Introduce SMI (for millets) and bio-input preparation (for all crops) as field
demonstrations on volunteer farmers' plots. Do not prescribe — demonstrate and let

the results speak. Farmers who see their neighbour's SMI plot yielding 30% more from



the same ragi seed they both saved will adopt.

Fifth: Facilitate gram sabha planning for MGNREGS water harvesting works. Connect
the agricultural vulnerability assessment from step one to the gram sabha's worksite

selection choices under MGNREGS.

This sequence — observation first, documentation second, infrastructure third,
agronomy fourth, system investment fifth — builds from what communities know
before adding what they might adopt. It is slower than arriving with a training module

and a demonstration plot. It produces more durable outcomes.
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