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Climate Smart Agriculture in the context of 
smallholder farmers in Himalayas



Small and 
marginal 
farmers



Small holders map: Fritz et al., 2015; Himalayan map: Source: https://www.excellup.com



Himalayas as pictured by NASA Landsat 7 Satellite.

Source: https://en.wikipedia.org/wiki/Himalayas#/media/File:Himalayas_landsat_7.png



Mountain 
Agriculture

Pastoral

Agro-Pasto
ral

Shifting 
cultivation

Middle hill 
farming

Cash-crop 
farming

Dominated by rangelands; 54% of 
the HKH region (in total area of 4.3 
m sq. km); high altitude livestock 
farming based on yak, sheep and 

goats is highly prevalent.

A combination of 
agriculture and livestock 

farming; high 
dependence on 

rangelands.

Traditional 
slash-and-burn 

agroforestry practice 
with crop and fallow 

phases.

Dominated by agriculture 
with integrated forestry, 

agroforestry and livestock 
farming.

Agroforestry-horticulture-b
ased high value crops - tea, 

coffee, nuts, fruits, 
medicinal and aromatic 
plants and spices (large 

cardamom)

Traditional way of 
managing common 
resources. Unique; 
Need a farming 
systems approach.

Source: Modified from ICMOD; https://www.icimod.org/mountain/agriculture/



Mountain agriculture is different?

Largely family 
farming; for 

centuries has 
contributed to 

sustainable 
development.

Small-scale, 
diversified with 
integration of 
forests and 
husbandry 
activities. 

Low carbon 
footprint, mostly 
organic, evolved 
in an often harsh 

and difficult 
environment. 

Too many 
challenges; 

Climate Change; 
Soico-economic 
dynamic is also 

changing.

Trends in global 
development have 

significantly 
reduced the 
resilience of 

mountain 
ecosystems. 

Multidisciplinary 
and holistic 
approaches 

needed to improve 
livelihoods.



Source: https://www.google.com/url?sa=i&url=https%3A%2F%2Fleisaindia.org%2

Livestock-the-e
ngine-and-insp
iration-of-mou
ntain-economy



An example of the state of 
Uttarakhand



Agriculture vulnerability

Rise in 
min temp

Rise in 
drought 

years

Decrease 
in July 

rain

Source: Prasun Bandopadhyay, BISA

Source: Prasun Gangopadhyay, BISA



Crop lands; 
all crops

Barren

Crop lands; 
all crops

About 86% of 
the state is 

hilly, but 
>80% of the 

crop land is in 
Terai

Source: Prasun Gangopadhyay, BISA



Land suitability classes 
for agriculture based on 
analytical hierarchy process 
- AHP (a), frequency ratio 
(b) derived using weighted 
overlay analysis in Rudra 
Prayag district of 
Uttarakhand.
Integrated with remote 
sensing (RS) and 
geographic information 
system (GIS)

Atul Kumar et al., 2021
J Saudi Society of Agric Sci



Issues and challenges



The world has 
been changing; 

so is agriculture.

Source: 
https://news.mongabay.com/2020/06/divesting-from-deforestation-theres-now-an-investors-
guide-for-that/

Continuing out-migration 
from mountain areas has 

further reinforced a 
‘plains bias’ in 

development strategies
(https://www.mountaininitiative.in). 



The New Indian Express, Dec 2018
Assam, Mizoram, Jammu and Kashmir and 
other Himalayan states stare at climate 

risk
https://www.newindianexpress.com/nation/2018/dec/24/himalayan-states-stare-at-climate-risk-1915690.html



Solutions and 
approaches



2013

In this definition, the principal goal of CSA is 
identified as food security and development 

(FAO 2013)

http://www.ccafs.cgiar.org/


CSA is important but 
No blanket recommendations

Not 
CSA

CSA

Many practices/programs/policies can 
be CSA somewhere

But none are likely CSA everywhere

Rosenstock et al. unpublished

Context



Synergies and tradeoffs between 
food security and adaptation

Mean effect from random sample of 
130 studies (55 comparisons)

Productivity

A
d

ap
ta

ti
o

n

6% 16%

46% 32%
SynergiesTradeoffs

Tradeoffs

Rosenstock et al. 2016 



So, what to be done that a farmer 
will understand and follow?

Anything which reduces risk and 
enhances livelihood security – 

farmer friendly



Developing the Himalayan farming niches is the only way forward for 
evolving promising and sustainable agriculture systems in the Himalayas

Source: https://www.mountaininitiative.in/images/IMI_FAO_Report_on_SOMA.pdf; Dr. Sushil Ramola and Dr Tej Pratap

https://www.mountaininitiative.in/images/IMI_FAO_Report_on_SOMA.pdf


Integrated approach for the sustainable development of 
mountain agriculture

Source: FAO, 2015



One 
technology 

will not help; 
but a package

Example of 
CSA in Maize 
in Tanzania

Fritz et al., 2015



Simple agronomic options can increase adaptation and 
meet food demands in short-term (all crops)

23
Slide source: PK Agarwal, BISA



Example from Earthquake Recovery Support 
Program in Nepal, 2016 (USAID funded)

• 8 earthquake-affected districts
• Support items:

– Improved seed
– Hermetic bags and storage 

cocoons for grain storage
– Mini-tillers and 

attachments
– Hand tools
– Advice on better-bet 

agronomy



• Weather forecasts and 
agro-advisories

• Early warning systems of food 
shortage, other shortages

• Marketing connections
• Crowd-sourcing for stakeholder 

participation
• Mobile phone can be a game 

changer

Deploy Integrated ICT services

India crossed 1 Billion Mobile Subscribers Milestone 
on June 6, 2016, as per data released by the country's 
telecom regulator

As of 30 June 2021, there are 1180.83 million wireless 
subscribers including inactive users in India according 
to Telecom Regulatory Authority of India (TRAI).



Source: https://www.google.com



Value-added agriculture entails changing a 
raw agricultural product into something new 

through packaging, processing, cooling, 
drying, extracting or any other type of process 
that differentiates the product from the original 

raw commodity.

Value addition



Marketing 
strategy? Where is 

packaging 
industry?

Import: 
New Zealand – 1500 t
Chile – 250 t
Italy – 300 t

India: 
Arunachal Pradesh – 300 t



Human
Society

,
♒♒♒

♒ ♒      ♒       
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Important

Most hill states are 
engaged



Photo of Solar Sharing Field Test via Akira 
Nagashima, Japan

Farmers in Japan can now generate solar electricity while growing 
crops on the same farmland – called “Solar Sharing”. 

The concept was originally developed by Akira Nagashima in 
2004 who learned the “light saturation point.” The rate of 
photosynthesis increases as the irradiance level is increased; 
however at one point, any further increase in the amount of light 
that strikes the plant does not cause any increase to the rate of 
photosynthesis.

It has begun in India in ICAR-CAZRI, Jodhpur

ICAR-Central Arid Zone Research Institute (CAZRI)

Source: https://www.renewableenergyworld.com



Success stories?
Future?



Revival of native 
Siri cow in 
Kalimpong

Cash economy by 
promoting native 

bioresouerce 
(Orchids) in 
Kalimpong

Organic Sikkim

Farmers have 
learned to respond 
to climate change: 

e.g., apple is 
replaced by other 

fruit crops – 
pomegranate, 

vegetables

Ten times growth 
in horticulture in 

states like 
Himachal Pradesh 
and Jammu and 
Kashmir in last 

two decades

Efficient 
mechanization and 
adoption of water, 

energy efficient 
technologies

Source: https://www.mountaininitiative.in/images/IMI_FAO_Report_on_SOMA.pdf



Organic 
Sikkim

Vision

“Everyone 
on board”

Faith on 
rich 

tradition of 
bio-fertilize

rs

Phasing out 
subsidies on 

chemicals and  
chemical 
fertilizers

Incentive to 
go organic

Economy of 
scale; low 

cost

School 
Education



Studies with indicators for at least one 
component of CSA

Rosenstock et al. 2016; Random sample of 815 studies 



• Tomorrow’s climate exists 
today at some other place

• Identification of such spots 
using databases and models

• Identification of 
homologues socio-economic 
locations

• Farmer-to-farmer exchange 
to facilitate co-learning of 
adaptation strategies/ risk 
management

Farmer-to-farmer learning is 
helpful, but  it is not necessary to 
repeat a success story without a 

major effort

Slide source: PK Agarwal, BISA



Appropriate mechanization
• Emerged in the 1950s and 1960s following concerns over possible 

undesirable consequences of the spread of large-scale mechanization in 
developing countries

• Mechanization with minimum negative social and environnemental 
consequences (e.g., consolidation, labor displacement, soil degradation)

• Argues that machines should adapt to farm size, and not the opposite. 
Consolidation should be driven by economic development, not by 
mechanization

Source: Bruno Gerard, former Director of SIP, CIMMYT



Market 
Assessment 

Create 
partnership and 

R&D
Pilot & demo Commercialization

Innovation and Scaling Sequence

Te
ch

n
o

lo
gy

 A
d

o
p

ti
o

n

Time

Trigger
Uptake

Enterprise 
Performance 

Sector 
Growth 

Interventions 
proposed

Opportunities 
identified

Co-creation of 
improved 
products

R&D rapid 
prototyping with 
private sector 

actors

Private sector 
interest secured

Early adoption of 
the technology

Business 
Strategy 

formulated

Investment from 
PSAs

Spontaneous 
adoption of 
technology 

Sales and 
commercial 

results

More PSAs 
enter the 
market

Growth in 
ancillary service 

providers

Higher 
level of 

investment

Product 
diversification 

and new 
innovation

Source: Adapted from iDE and World Bank



Countries exporting apples to India,
namely, USA, Australia, New Zealand, Europe 
and China all have modernized
apple farming as agri-enterprises - varieties, 
root stock, plant husbandry, and 
post-harvest management and state of art 
marketing means.

https://www.mountaininitiative.in



One day you might be able to buy a spray that 
changes the colour of their flowers by silencing 
certain genes. Farmers may use similar 
gene-silencing sprays to boost yields, make their 
crops more nutritious, protect them from droughts 
and trigger ripening. The technique could let us 
change plant traits without altering their DNA.
https://www.newscientist.com

Monsanto hopes to have an RNA spray ready by 2020 
that will tackle potato beetles resistant to many 
pesticide.

https://www.newscientist.com/
http://www.technologyreview.com/featuredstory/540136/the-next-great-gmo-debate/


Adaptation

Food 
security

Mitigation

1. Invest in management of land and 
water resources, and input delivery 
and market linkage mechanisms, 
to fully exploit the benefits of 
available technologies. 

2. Manage current climatic risks for 
poverty alleviation and for 
equitable development

3. Exploit large mitigation co-benefits 
of adaptation options

4. Address issues of poverty, 
governance, institutions and 
human capital which limit 
agriculture growth even today.

Adaptation to Climate Change and Declining 
Resources: Four Key action points



Farmers should be central to all 
approaches



On addressing agriculture is not enough; we must address generic 
vulnerability issues simultaneously – poverty, literacy, governance, etc., 

which limit adaptation even today and will do so in future as well



Thanks for your understanding


