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1. Introduction

Pakistan is a case of double injustice contributing a minuscule share of global greenhouse gases, yet it is
bearing the brunt of global climate change impacts. It ranks among the top 10 countries vulnerable to
climate change (Eckstein et al., 2021). The 2022 IPCC Report underlines the heightened vulnerabilities
because of global warming and climate change leading to more floods. The Asia-Pacific Disaster Report
20221, Pakistan could lose more than 9 percent of its annual GDP due to climate change. The Notre Dame-
Gain Matrix? ranks Pakistan 5" most impacted country by climate change shocks and is positioned as the
36th least-prepared nation to cope with climate changes (The World Bank Group, 2021). Besides, Pakistan
scores worst on the indicator of Agriculture Capacity® at 0.939.

Pakistan is highly vulnerable to climate changes because of its arid to semi-arid environmental conditions
(Nasim et al., 2018; Ullah et al., 2019, Ghaffar et al., 2022). Over the last two decades, the country has been
facing the challenges of rising temperature, extreme heatwaves, drought, intense and erratic precipitation,
water stress, glacial melting, recurring flash floods and super floods in 2010 and 2022. The combination of
reduced crop yields, water scarcity, and changing agricultural practices can lead to severe food insecurity
and economic challenges for marginalized communities and more importantly, for farmers. In July-August
2022, Pakistan faced unprecedented rainfall and riverine floods damaging cultivated crops, livestock and
the infrastructure. Approximately 4.4 million acres of crops were damaged, and nearly 1 million animals
perished. The total cost of damages and losses was estimated at $30.13 billion, with agriculture accounting
for $12.9 billion (43 percent of the total) (Economic Survey of Pakistan, 2021-22).

Climate change (CC) impact is significantly visible on the agriculture sector due to its reliance on weather
and climatic conditions (Arora, 2019). It is affecting the agriculture production system (Parker et al., 2019;
Syed et al., 2022; OECD, 2022). Over 60 percent of the yield variability is attributed to climate change
which is impacting both the food production and farmer income (Reidsma et al., 2009; Osborne and
Wheeler 2013; Ray et al., 2015; Matiu et al. 2017). Studies suggest that climate change (CC) influences the
onset and duration of crop growing cycle (Fiw a et al. 2014; Zhao et al. 2015; Lemma et al. 2016), extent
and duration of heat and water stress, (Lobell et al. 2015; Saadi et al. 2015; Schauberger et al. 2017), and
may trigger pests and diseases, which have the potential to reduce production significantly (Chakraborty
and Newton, 2011; PAN, 2022%). Concurrently, increasing global population® demographic changes and
rapid urbanization are aggravating pressure on the food production as well as agricultural land.

Agriculture is also a significant contributor to the greenhouse gas (GHG) emissions, both directly (through
on-farms production emissions) and indirectly (through changes in land due to agricultural expansion)
(World Bank, 2021; Lynch et al., 2021; OECD, 2022). According to the Food and Agriculture Organization

! Asia Pacific Disaster Report 2022 https://tinyurl.com/mwjjfepf

2 The ND-GAIN Matrix illustrates the comparative resilience of countries. The vertical axis shows the score of vulnerability and
the horizontal axis shows the readiness score, https://gain-new.crc.nd.edu/matrix;

3 Measure of agricultural technological capacity as the average of the 2 best scores (lowest vulnerability scores), out of amount of
fertilizer use, amount of pesticide use, ability to equip agriculture area with irrigation, and the frequency of tractor use. The
indicator reflects a country's capacity to acquire and deploy agriculture technology.

4Pesticide Association Network (PAN). Available at https://www.panna.org/news/pesticides-climate-change-a-vicious-
cycle/#:~:text=Increased%20temperatures%20are%20expected%20to,pesticide%2010ss%20t0%200ur%20waterways.

5 United Nation (UN). Department of Economic and Social Affairs. Available at https://www.un.org/en/desa/world-population-
projected-reach-98-billion-2050-and-112-billion-2100




of the United Nations (FAQO) 2018, agriculture sector is responsible for 9.3 billion tonnes of CO; equivalent
(CO:2 eq) of worldwide emissions. Crop and livestock-related methane and nitrous oxide emissions
produced 5.3 billion tonnes CO, eq, a 14 percent increase since 2000. Consequently, a transformation of
the agricultural sector is urgently needed to respond to climate change to sustainably increase agricultural
productivity, livelihood of the farmers and the food security of society.

Globally, the agriculture sector has emerged as a clear priority for many countries reflected in their National
Adaptation Plans (NAPs), National Adaptation Programs of Action (NAPASs) and national communications
for building climate resilience. Nearly 85 percent of those that mention adaptation include agriculture as a
priority area (Carter et al., 2018). Adaptation portfolios such as Adaptation Fund, the Least Developed
Countries Fund, the Pilot Program for Climate Resilience, and the Green Climate Fund have accorded
agriculture sector a highest share of their funds (Carter et al., 2018), with 45 percent of their projects having
an agricultural focus.® Even after accounting for the current adaptation plan in the analysis (Gourdji et al.,
2013, Noble et al., 2014), the negative impacts of climate change on the productivity of crops, livestock,
fisheries, and forestry will become considerably severe in all regions beyond 2030.’

This has led to increasing adoption of Climate Smart Agriculture (CSA) practices globally to reorient and
transform agricultural sector adjusting to new ground realities (Lipper et al., 2014). According to FAO,
CSAZ& is based on three core pillars:

1) increasing food security through sustainable agricultural output and incomes,
2) adaptation to climate change and developing resilience
3) reducing and eliminating greenhouse gas mission (GHG) (mitigation)

The CSA serves as a broad framework for identifying, evaluating, and potentially scaling up a variety of
agricultural practices that have achieved one or more of the "triple-win" (refer to the three pillars of CSA)
objectives. The CSA includes several portfolios of interventions/practices (Aggarwal et al., 2013; CCAFS,
2016), including: i) water-smart agriculture practices (raised bed planting, alternate wetting and drying
in rice, and direct seeded rice, rainwater harvesting, micor-irrigation, laser land leveling); ii) weather-
smart activities (ICT-based agro-met services, index-based insurance, stress-tolerant crops and varieties,
agro-advisories, weather forecasts); iii) nutrient-smart practices (precision fertilizer application using
nutrient expert decision support tools, integrated nutrient management); iv) carbon and energy-efficient
practices (zero tillage, residue management, legumes, biofuels); v) knowledge-smart activities (farmer-
farmer learning, capacity enhancement on climate-smart agriculture, community seed banks and
cooperatives); and vi) Institutional/ market-smart (cross-sector linkages, local institutions, gender
strategies, contingency planning, financial services). Nevertheless, these practices are location specific
depending upon the region, are typically influenced by ecological, social, political, and economic factors,
and should be determined by the analysis of benefit, synergies, and tradeoffs (FAO, 2013; Aryal et al.,
2020).

6 World Resource Institute, 2018.

7FAO et al. 2017.

& There are numerous definitions found in the literature, but the first formal expression of CSA was presented in
FAO 2009 paper entitled “Food Security and Agricultural Mitigation in Developing Countries: Options for
Capturing Synergies. Later in 2010, FAO paper entitled “Climate-Smart” Agriculture, Policies, Practices and Financing for
Food Security, Adaptation and Mitigation” was released as a background paper for the Hague Conference on Agriculture, Food
Security and Climate Change (for detailed background/history and origin of CSA term, refer Lipper et al., 2017; Chandra et al.,
2018).



2. Vulnerability of Agriculture Sector in Pakistan

The agriculture sector of Pakistan, accounting for 22.9 percent of the GDP and 37.4 percent of employment,
plays a vital role in ensuring food security, supplying raw materials for industry, and generating foreign
exchange (Economic Survey of Pakistan, 2021-22). However, the climatic challenges have far-reaching
effects on social, economic, and cultural aspects. The rise in temperatures by 0.5°C to 2°C is projected to
cause a significant 8 percent to 10 percent reduction in agricultural production in Pakistan, primarily due to
the sensitivity of crops to changes in temperature (Dehlavi et al., 2015). Various studies employing a crop-
growth simulation model have projected a decline in the yield of key crops, notably wheat and rice, as well
as a reduction in the duration of the growing season across four distinct agroclimatic zones in Pakistan
(Igbal et al. 2009). It has been projected that, by the year 2050 and under the most extreme representative
concentration pathways, Pakistan may experience an estimated 9.32 climate-related fatalities per million
people annually due to food scarcity (UNDP, 2021).

Agriculture sector is the largest contributor to GHG emissions in Pakistan with a share of 41 percent,
primarily through livestock rearing and cropland.® These two sub-sectors represent 78 percent and 22
percent of total agriculture emission respectively.'® This makes agriculture sector a priority area for Pakistan
in tackling climate change.

Considering this background, numerous CSA initiatives, such as, changing planting dates, soil conservation
practices (zero tillage), water management techniques (drip and sprinkler irrigation, alternate wetting and
drying, crop rotation and diversification, mix farming, promotion of new crop varieties etc. have been
employed. Policies and legislation framework (for details refer Table 1) are currently under implementation
across the country that enable and support adaptation of climate smart activities providing a conducive
ground for future actions, The National Climate Change Policy (2012), its Framework for Implementation
(2013) and the Climate Change Act (2017) attach high priority to adaptation to climate change. Key
organizations with primary responsibilities related to CSA are highlighted in Appendix I.

Table 1. Climate Change Policy Framework in Pakistan

National Forest Policy 2010
National Climate Change Policy 2012
National Disaster Risk Reduction Policy 2013
Renewable Energy Technologies Act 2010
National Disaster Management Act 2010
Punjab and Balochistan Environment Protection Act 2012
Sindh and KPK Environment Protection Act 2014
Framework for Implementation of Climate Change Policy 2013
KPK Climate Change Policy 2016
Pakistan Climate Change Act 2017
Punjab Climate Change Policy 2017
National Water Policy 2018
Sindh Climate Change Policy 2019
Intended Nationally Determined Contributions 2016
Updated Nationally Determined Contributions 2021

9 Climate Smart Agriculture Considerations in Pakistan.
10 World Bank. 2017. World Development Indicators. Washington, D.C: World Bank.



However, the key concerns are: (i) whether sufficient CSA practices have been adopted to build climate-
resilient agriculture in the face of progressive climate change; (ii) whether adequate policies and institutions
are in place to support up-scaling and out-scaling of climate smart interventions contributing to sustainable
agriculture; (iii) whether existing national strategies and interventions have adequately mainstreamed
climate change adaptation and mitigation in the agricultural sector; and (iv) whether the CSA practices
provide at least as much benefit as business as usual (BAU) practices to the system. This paper aims at
looking into these concerns, identifying critical constraints and charting out strategy to promote uptake of
climate smart agricultural practices in Pakistan. The proposed strategy is based on Focal Group Discussions
(FGDs) organized by IFPRI-Pakistan in collaboration with the Pakistan Agricultural Research Council.

3. Constraints and Opportunities

The ability to respond to climate change hinges on a multitude of factors, including the perceptions of
farmers and other stakeholders, market dynamics, investments in research and development from both
private and public sectors, policy frameworks, and institutional structures (Hallegatte, 2009). The
opportunity for the adoption of CSA lies in the availability of resources, such as strategies, tools,
knowledge, and various applications, that can assist policymakers, extension workers, and farmers in
selecting appropriate farming systems, conducting land use and resource assessments, evaluating
vulnerability, and performing impact assessments (Wakweya, 2023). Nevertheless, the acceptance and
effectiveness of agricultural technologies and new techniques in Pakistan significantly depend not on just
technical factors but also on social, cultural, institutional, and political elements.

Major constraints in the uptake of climate smart agricultural practices by the farmers and to benefit from
CSA techniques identified during FGDs and field survey are: a) lack of awareness on the CSA practices;
b) unavailability of quality seed and other inputs such as weedicides and fertilizers; iii) high cost of inputs;
c) inadequate climate-related information; d) weak extension services; €) absence of market linkages; f)
absence of gender inclusive approaches; and g) non-accessibility of credit support. At the institutional level,
limitations, such as, lack of coherent CSA policy and strong political will, deficiency of qualified extension
personnel, inadequate funding for programmatic interventions, reluctance to change on part of farmers and
low adaptive capacity are impeding upscaling of these practices. However, interactions with multiple
stakeholders revealed that there is a realization for a need to develop and integrate climate smart agriculture
policy and a complementary action plan to deal with the challenges of climate change. It was acknowledged
that mere focus on technology is not sufficient but requires holistic approach at the national and provincial,
location and context specific, and at the policy, research and farm levels. Thus, it is imperative for the sector
to adopt a comprehensive and facilitative strategy that effectively addresses climate change adaptation and
mitigation, ensures food security, and promotes environmental management.

4. Climate smart agriculture technologies in Pakistan

Climate smart technologies identified for adoption in Pakistan include: 1) zero tillage wheat planting in
rice-wheat cropping system; 2) direct seeding of rice in rice-wheat cropping system; 3) alternate wetting
and drying of rice in Rice-Wheat Cropping System; 4) zero tillage happy seeder/Pak seeder wheat planting
in rice-wheat cropping system; 5) raised beds/ridge planting of wheat in rice-wheat cropping system; 6)
resilient cropping systems (mung-wheat, soybean-wheat) in rainfed areas; 7) resilient cropping systems
(seshinia-wheat) in rainfed area; and 8) drought-tolerant varieties in rainfed area. A comparison of CSA
technologies used in South Asia is in Appendix-1.



5. Strategies to promote the uptake of Climate Smart Agriculture
5.1. Develop National Climate Smart Agriculture Policy

Enabling national policy and institutional arrangements at the federal and provincial levels are condition
precedence to promote and implement climate smart agriculture practices aligned with local climatic
conditions. Developing a national Policy is however a complex and multifaceted process that involves an
assessment of the existing situation, understanding barriers to adoption, Assessment of the existing
situation, understanding barriers to adoption, creating an enabling environment through targeted policies
and mechanism to mobilize climate finance (FAO, 2013). Integrating CSA into core government policies
and programs, including policy expenditure and planning frameworks at the national, provincial and levels
(Neufeldt et al., 2015), setting priority activities as well as complementary actions and indicating action
centres within and outside the government to promote CSA practices require careful planning, coordination
and horizontal and vertical alignment! among various stakeholders. This will also need reorientation and
capacity building of the agricultural research and extension staff to execute the policy framework and
facilitate the adaptation process amongst farmers.

5.2. Framework for prioritizing locally suitable interventions

CSA is characterized by its knowledge-intensive, site-specific nature, and necessitates substantial capacity
development, encompassing technology, qualified staff, infrastructure, and financial resources (Partey et
al., 2018; Neufeldt et al., 2013). It demands the implementation of local-specific approaches within policy
framework, development initiatives and extension services (Autio et al., 2021). The framework suggested
by Khatri-Chhetri (2019) can serve as a base for providing a decision support tool for policymaking in
adaptation and mitigation activities in agriculture sector at the local level. It entails: 1) engaging local
stakeholders in identifying and assessing CSA interventions aligned to specific locations and appropriate
for various crops and cropping systems; 2) assessing the feasibility of executing chosen CSA interventions
after considering their technical viability, implementation costs, inclusiveness, and alignment with existing
government initiatives; 3) identifying and evaluating potential barriers to the adoption of CSA technologies,
examining the availability of resources, farmers' familiarity and willingness to embrace them, access to
agricultural extension services, market access, and government backing; 4) appraising incentive measures,
like government subsidies, market connections, credit availability, and capacity development to promote
CSA interventions in consultation with farmers and key stakeholders; and 5) charting and defining roles
and responsibilities of different entities (national, provincial and local governments, private sector,
development partners, regional and international institutions and community of farmers) in policy
development, regulation, research and technological advancements, guidance and service delivery,
execution, skill enhancement, and financial support in scaling up CSA practices.

5.3. Establishing institutional arrangements for CSA

The federal ministry for national food security and research in collaboration with the ministry of climate
change and the provincial agriculture and irrigation departments may establish a dedicated subsidiary
Department/Wings manned by qualified experts/personnel with a clear mandate to address climate-related
challenges in agriculture. This Department/Wing may include research, adaptation and extension,
communication, infrastructure development, climate information services, market access, climate finance,
data collection, monitoring and evaluation, policy development and innovation hubs. They must collaborate

11 https://www.frontiersin.org/articles/10.3389/fsufs.2023.802289/full




with other government departments and sectors to ensure cross-sectoral integration (Faling and Biesbroek,
2019; Faling, 2020) acknowledging that CSA initiatives often have broader cross-sectoral impacts, such as
on environment, water resources, fisheries, forestry, disaster risk management and rural development.

5.4. Robust awareness and advocacy campaigns

Currently, the concept of CSA is not adequately understood by the concerned stakeholders. Robust
awareness and advocacy campaigns needs to be designed targeting all the stakeholders including farmers
to underscore the effects of climate change on the agriculture sector, success stories on context specific
CSA practices, and benefits of CSA in terms of yield, profits and resilience. Farmers prioritize the adoption
of CSA technologies primarily for the potential economic gains they offer, rather than their positive
environmental impacts (Belay et al., 2017; Khatri-Chhetri, et al., 2017). Therefore, when advocating for
various CSA strategies in a specific area, it is crucial to consider the stakeholders' focus on enhancing farm
productivity and income (Khatri-Chhetri et al., 2019). Small-scale farmers frequently exhibit hesitance in
embracing novel approaches until they have concrete proof of successful outcomes and receive
comprehensive explanations concerning the advantages and potential risks associated with these practices
(Gezie and Tejada, 2019). Communication cane be done through e-extension, community TV/radio in local
languages (Ifeanyi-Obi et al., 2022), running advertisements including testimonials on the television,
mobile applications, local agricultural demonstration plots, agricultural business hubs (Neufeldt et al.,
2015) and formation of farmers field schools and climate smart villages through the cluster approach. The
information must be communicated through the mediums to which farmers are most receptive. This will
assist in expanding and deepening their understanding of the discourse surrounding CSA. Furthermore, it
is crucial to acknowledge that awareness and advocacy efforts must extend beyond initial campaigns. Long-
term engagement and support networks should be established to ensure the continuous adoption of CSA
practices.

5.5. Identification of policy implementation instruments

To promote the adoption of CSA practices, decision-makers must recognize the instruments for policy
implementation, such as, provision of soft loans provided to farmers for purchase of inputs and implements,
introducing financial services that facilitate long-term investments, improving input supply systems such
as timely distribution of quality seed, fertilizers and insecticides, waving off import duty on CSA
machinery, and providing subsidy to farmers on inputs, efficient market linkages and robust value chains
that compliment policy levers (Bizimungu et al., xxx n.d.). Studies reveal that finances are the primary
obstacle that hinder the adoption and spread of CSA practices and technologies (Dougill et al., 2017; Imran
etal., 2019; Imran et al., 2018; Kuehne et al. in 2017). Many CSA technologies come with a high cost that
small-scale farmers may find unaffordable. Hence, subsidize CSA technologies, access to farm credit
through public sector financial resources and farmer-firm linkages with local value chains may stimulate
initial investments in CSA technologies. The identification of the policy levers must be done through a
rigorous consultative process between the relevant stakeholders especially farmers, private sector and
government departments.

5.6. Generating Climate Finance

Substantial investments are required to make headway in the uptake of CSA technologies. To promote and
create potential CSA activities across the country, public, private, and international finances through
multilateral and bilateral development partners need to be mobilized as ambitious climate action depends



on the mobilization and accessibility to financial resources'?. The emergence of new international climate
funds provides further avenues for mobilizing resources to scale up CSA efforts across the entire country.
In addition, the government can attract climate finance by issuing green bonds, climate bonds and debt-
swaps for nature or climate change.'® These efforts can be complemented by local financial institutions sot
support regional universities to enhance CSA through scientific and technical research.'* On spending side,
the national and sub-national governments may move towards climate-sensitive planning and budgeting.
This implies that climate change adaptation and mitigation strategies should be integrated into macro-fiscal
policies.

Robust collaborations between the public and private sectors seem to offer a viable option for generating
commercial prospects to scale up CSA technologies (Totin et al., 2018). The private sector can significantly
contribute to the advancement of CSA innovations and the dissemination of technologies to farmers as part
of their business strategy (Quail et al., 2016). Establishing an appropriate institutional framework is a pre-
requisite for the mobilization of funds. Innovative, tailor-made business and financial models represent an
area of potential advancement for facilitating the expansion of proven technological innovations

The Climate Change Act of Pakistan provides the framework for establishment of Pakistan Climate Change
Authority and Pakistan Climate Change Fund, with the primary objective of mobilizing both domestic and
international funds to support mitigation and adaptation measures within the country and provinces (CIAT,
FAOQ., 2018). These funds can be directed toward the development and implementation of CSA programs,
projects and adoption of CSA practices. This includes innovations in precision agriculture, climate-smart
seeds, sustainable land management techniques, training of the relevant personnel, knowledge management
and dissemination. The Climate Finance Unit in the Ministry of Climate Change can be used as a focal
point to coordinate with stakeholders in collaboration with the federal and provincial agriculture and
irrigation related ministry and departments.

5.7. Provision of timely information and insurance

Access to accurate and reliable climate/weather information in real time is fundamental to decision making
by the farmers in the changing environment. Enhancement and modernization of weather forecast
infrastructure is vital in this regard. Early Warning Systems (EWS) is essential not only as a response to
climate change but also as a critical factor for the success of other agricultural adaptation strategies
(Speranza, 2010). Developing and promoting Weather-Indexed Insurance that provides farmers with
protection against losses caused by extreme weather events, such as droughts, floods, or excessive rainfall.
Unlike traditional crop insurance, weather-indexed insurance payouts are triggered based on objective
weather data rather than individual claims. This type of insurance not only helps farmers recover from
climate-related losses but also incentivizes the adoption of CSA practices by reducing financial risk®
(Cooper et al., 2013)*. Usage of digital sources such as SMS, mobile application, online platform, and
data-driven solution to reach out to farmers in remote areas, and employing both print and electronic media
is important to deliver information in a timely manner. It was reported that farmers that receive regular

12 The Third Pole. Climate finance: green global money the only solution. Available at
https://www.thethirdpole.net/en/climate/only-solution-is-if-global-money-goes-green/

13 Available at https://www.climatebonds.net/tags/green-sukuk-working-group

14C IAT; FAO. 2018. Climate-Smart Agriculture in Punjab, Pakistan. CSA Country Profiles for Asia Series. International Center
for Tropical Agriculture (CIAT), FAO, Rome, 36p.

15 https://www.idos-research.de/en/briefing-paper/article/weather-index-insurance-promises-and-challenges-of-promoting-social-
and-ecological-resilience-to-climate-change/

18 For detail case study “Weather-based insurance helps farmers evade the poverty trap”
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updates from the regional meteorological centers exhibit a higher propensity to adopt CSA practices (Tanti
et al., 2022) Moving forward, it is imperative that farmers are linked with new sources of information on
climate change and adaptation strategies. Ineffective transmission of knowledge, expertise, and
technologies from government institutions and development agencies to the local farming communities
(Jirata et al., 2016; Mohammed, 2016) is a major constraint in the uptake of CSA practices. The information
must be conveyed using a language that is comprehensible to farmers and is also tailored to the needs of
the farmers to inform their decision making. Customizing it for the farmers in a particular area involves
information on the implications of the forecasts for various crops grown in a particular region along with
guidance on planting dates of crops that would help farmers in maximizing their yield and offering crop-
specific recommendations (Speranza, 2010; Hellmuth et al., 2007)

5.8. Provision of accessible, reliable and efficient extension services

One of the key factors influencing adoption of CSA practices is the accessibility of extension services
(Maddison, 2006). The agricultural extension system serves as the primary channel for distributing
necessary information to farmers to facilitate transformations. Extension personnel at the local level
understand the context such as existing conditions and vulnerabilities under which the farmers are
operating, making it possible for them to effectively and efficiently disseminate knowledge on the adoption
of CSA practices, helping farmers understand the benefits of climate-resilient farming methods, and
providing guidance on the uptake of new techniques. Extension personnel can play an important role in
guiding farmers on managing climate-related risks, seeking financial support and in navigating the
transition phase during the initial years of new techniques when there is an uncertainty of returns. For
example, the outcomes of certain crop rotation strategies may not manifest immediate benefits for farmers.
Sustaining farmers' enthusiasm and guaranteeing that the advantages become evident over varying
timeframes is of utmost importance. During the transitional phase, incentives and assistance, along with
safeguards in case of setbacks, are essential for the expansion of CSA practices (Gjengedal, 2016).

Effective extension services must also prioritize tailoring information to local conditions (Rauls, L.,
2023)Y. Extension officers must possess the skills to adapt their guidance to the unique challenges and
opportunities faced by farmers in diverse regions (Antwi-Agyei and Stringer., 2021). A crucial aspect of
extension services is the establishment of feedback mechanisms (Singh and Jha., 2005). These mechanisms
empower farmers to share their experiences and challenges with extension officers, creating a dynamic
feedback loop that fine-tunes the support provided. Additionally, extension personnel can act as a bridge
between farmers and policymakers, first by providing farmers with new knowledge on CSA practices and
second by giving farmer feedback to researchers and policy makers on the effectiveness of the adopted
practices. Given that the absence of timely and accurate information remains a significant impediment to
agricultural progress and to climate change adaptation (Gautam, 2000). Extension services must seek out
fresh insights into how climate change affects agriculture and the well-being of rural communities.
Extension officers can employ a combination of activities for this, such as, experimenting on demonstration
plots, farm visits, information regarding reliable information regarding input providers, farmer field days,
group discussions, dissemination of new information and changing practices through mobile phone
messages, advertisement on television, and posters along the streets to engage farmers.

For effective engagement with policymakers, it is essential that the skills of the extension personnel must
be enhanced for collecting and communicating relevant data. For this, A Speranza (2010) suggested that to

17 Abdul Latif Jameel Poverty Action Lab (J-PAL). 2023. Tailoring information to increase technology adoption among farmers.
Available at https://www.povertyactionlab.org/blog/9-19-23/tailoring-information-increase-technology-adoption-among-farmers
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increase the outreach of extension workers is to redirect public extension services toward impoverished
farmers and marginal regions, while permitting private extension to cater to the cash crop sector and areas
with high agricultural potential. Institutions can function optimally with collaboration among various
entities, including public and private sector organizations and NGOs (Agrawal, 2008; Adger et al., 2003).

5.9. Creating climate smart agriculture advisory groups

Advisory groups comprising representatives from extension departments, community knowledge workers,
agriculture scientists, and farmers, must be formed at the local level to provide technical and administrative
support to the farmer community to deal with emerging climate challenges (Christoplos, 2010)8. Involving
stakeholders and making the prioritization of adaptation choices a collaborative effort improves
stakeholders' enthusiasm and capacity to embrace agricultural technologies and practices (Lee et al., 2014).

The advisory groups can play a crucial role in guiding farmers to adopt modern farming methods such as
the adoption of improved crop varieties that are well- adapted to weather variations including drought,
flood, heat waves, waterlogging and salinity; better nutrient management; integrated pest management
practices and natural resource management that are in line with the climate reality. The inclusion of local
farmers in the advisory groups has the potential to act as a catalyst in making farmers more receptive to
practices and technologies.

An action plan for revitalizing the Researchers-Extension Agents-Farmers Linkage must be charted out to
maximize the knowledge exchange and benefits for all the stakeholders involved, considering appropriate
sets of CSA interventions of relevant scale, selected and tailored to local specific contexts and livelihood
needs (Wakweya, 2023). Engagement of the policy makers, researchers, and climate information
departments with extension officers is important as it is the extension workers who frequently interact
directly with small-scale farmers. An independent expert advisory mechanism on climate change would
enhance the credibility of the analysis and policy proposals (Averchenkova and Lazaro, 2020). The
advisory groups at the local level will aid in incorporating a wide range of stakeholders' viewpoints and
expertise regarding CSA technologies and techniques, facilitating the creation of a CSA portfolio tailored
to specific contexts.

5.10. Strengthening farmer field schools (FFS)

Farmer Field Schools (FFS) play an instrumental role in advancing sustainable agriculture, improving
livelihoods, and bolstering resilience to climate-related challenges (FAO, 2013). This participatory
approach and collaborative efforts between farmers at the FFS have the potential to foster ability of farmers
to take collective action in the face of climate change. It offers farmers a low-risk environment for testing
and implementing new agricultural management techniques, through discussions and learning from their
experiences, farmers can cultivate practical knowledge and skills (Jha and Singh, 2021). It is important to
consider the varying preferences of different stakeholders concerning CSA (Khatri-Chhetri, 2019).
Establishing or strengthening FFSs at the union council level would offer a platform to farmers for receiving
hands-on training about climate-smart agriculture practices and technologies through demonstrations, and
learning and through other farmer experiences. The willingness of farmers to change their behavior for
adaptation and take proactive steps is just as crucial as policy choices and technological advancements
(World Bank, 2016).

18 https://www.fao.org/climate-smart-agriculture-sourcebook/enabling-frameworks/module-c2-supporting-rural-
producers/chapter-c2-2/fr/
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The capacity of farmers must be built to comprehend the patterns and fluctuations in the local climate to
effectively devise and adapt strategies. The discourse at the FFSs may help farmers identify what cropping
practices are sustainable in the local context and learn from farmers about the available market and
prevailing prices, and sources of financial assistance. Discussions between farmers can make them see how
climate-smart agriculture practices work first-hand in their local context, making the adoption process
easier for them through group learning. Regular gatherings at the FFS can help farmers in receiving
feedback on their farming methods allowing them to adjust and improve their practices through testing
multiple possible solutions. These gatherings can also facilitate participatory budgeting, planning and
decision making. FFS can also serve as a platform for farmers to advocate policies that support climate-
smart agriculture. When farmers learn about the benefits of these practices, they can engage with local
authorities and organizations to promote favorable policies. (for handbook refer p’Rajom et al., 2020)

5.11. Enriched linkages with research

A platform must be established through which researchers must create stronger connections/involvement
and collaboration with extension personnel to integrate local knowledge, gain a comprehensive insight into
farmers' requirements and challenges, and receive feedback on the effectiveness of technological solutions
in the context of climate-smart agriculture (Dougill et al., 2021). This connection will also help extension
workers to build their capacity in line with the modern and advanced knowledge base.

Furthermore, research efforts should prioritize a farmer-centric approach. Research activities should aim to
directly address the needs and challenges of small-scale farmers practicing CSA. The goal is to develop
context-specific solutions that are readily applicable at the local level. This approach ensures that research
outcomes align with the practical realities faced by farmers. To further strengthen the connection between
research and practice, the establishment of farmer research networks is encouraged. In these networks,
farmers actively participate in research activities, sharing their knowledge and experiences. This
collaborative approach allows farmers to contribute to shaping research agendas, ensuring that research
priorities align with their real-world challenges.

5.12. Designing incentive mechanisms

To efficiently put into action CSA solutions on a broader scale, addressing the anticipated global food
demand increase, researchers also underline the need for an comprehensive governing framework that
encourages the agricultural sector to transition from traditional practices to more climate-smart approaches
(Zougmore et al., 2016; Chandra et al., 2016). This may include financial support through providing
subsidies (Jayne et al., 2017; Ngoma et al., 2019 ), grants (Branca et al., 2012), capacity building(Dossou-
Yovo et al., 2022) and low-interest loans (Ruben et al., 2019) to farmers to invest in CSA practices, such
as drought-resistant crops, sustainable irrigation, develop insurance programs that protect farmers against
climate-related risks, fund allocation for research and development of CSA technologies, giving market
access to farmers for their climate smart agriculture products, certification and labeling of products grown
using CSA methods, allowing farmers to charge premium prices in the market, rewards programs that
recognize and reward farmers who excel in implementing CSA practices, and recognizing and celebrate
farmers who make significant contributions to CSA and environmental conservation at the local and
national levels.

5.13. Capacity building of the extension workers
Training is a vital means of enhancing capabilities for the dissemination of CSA practices and enabling

agricultural extension workers to convey their expertise to farmers in a focused fashion (Zerssa et al., 2021;
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Njeru et al., 2016; Juvvaid et al., 2013; Jha and Singh., 2021). Capacity building of the agriculture extension
workers is crucial for the extension departments and advisory groups to work effectively. Agriculture
extension workers serve as intermediaries between agricultural research, technology, innovation and
farmers. Given the crucial role that they play in disseminating best practices, new technologies, and
sustainable farming methods, their continuous training is essential to keep them updated with the latest
agricultural technologies, climate smart agriculture practices, and innovations. The instructional modules
must be crafted to enhance farmers' technical know-how, their ability to transfer knowledge and later
conduct assessments.

e The targeted training programs (Maka et al., 2019) designed to enhance the skillset and knowledge
of extension workers must provide them with strong foundational skills in agriculture, including
crop cultivation, soil management, pest control, adaptation to climate smart agriculture such as
resilient and sustainable farming methods, use of organic and inorganic fertilizers, use of pesticides,
integrated pest management, post-harvest management, and interpretation of climate information
and data in such a way that enhances the capacity of farming communities to comprehend and
respond to climate data.

e The training curriculum must include a component of communication (Chikaire et al., 2015) and
interpersonal skills to teach extension personnel effective communication skills as they need to
convey technical information in a way that is understandable to farmers with varying levels of
education and experience. Strong interpersonal skills is at the heart of effective knowledge
dissemination as well as building trust and rapport with the farming community for successful
uptake of new practices.

5.14. Monitoring, evaluation and reporting

To ensure accountability, robust Monitoring and Evaluation (M&E) tools can be developed to monitor and
track climate-relevant interventions. They can also measure impact and results based on qualitative and
guantitative climate-related indicators. Regular monitoring of projects can be helpful in anticipating risks
and highlighting modifications that need to be made to the project's plans. The stakeholders of the
agriculture sector must be trained in monitoring and evaluation of the various CSA interventions
implemented to improve agriculture productivity. Extension workers must be trained in data collection and
analysis techniques, as data collection on local farming conditions, benefits and challenges in adopting CSA
practices, and opportunities, is essential to tailor advice and interventions down the road. The findings from
these interventions will guide the policy makers and scientists in coming with up the best approaches to
deal with the challenge of climate change. A benefit-cost analysis of climate smart interventions can help
the decision makers in efficient resource allocation, risk assessment, long-term planning, policy
development and creating awareness among the farmers on the best available practices.

The monitoring and evaluation done by the extension personnel can help policymakers and researchers in
finding solutions to the problems faced by the farmers at the farm level. Each project must have a
performance matrix comprising of multiple indicators to measure the success of interventions. Information
must be regularly collected (Dinesh et al., 2017):

Process Indicators.

« Number of beneficiaries

14



o Number of farmers accessing FFS and extension departments for climate information and CSA

methods)
Outcome Indicators:

« Number of farmers reporting improved crop productivity and increases in yield and income
o Number of farmers receptive towards the climate smart adaptation practices and intending to
continue with the practice

«  Number of farmers who want to learn new adaptive methods

«  Number of farmers who participate in farmer field days.
This must also include identification of capacity gaps in data collection and information management
followed by targeted training in these areas. Rosenstock et al., (2018) has developed 11 steps which can be
followed as a base for the measurement reporting and verification of climate-smart agriculture.

5.15. Knowledge management and dissemination

Efficient decision-making and execution of CSA endeavors necessitate precise, up-to-date, and dependable
big data, technologies and information. They can be leveraged to tackle the complex issues of addressing
climate change and how it affects agriculture (Rao, 2018). Currently, an all-encompassing system for
managing climate-smart agriculture data and information is not available. Existing data is scattered across
various institutions. Knowledge management at the local level must be done regarding the cropping
calendar, weather conditions, farmer perception regarding the climate change, barriers to adaptation that
farmers face in a particular region, marketing channels, financial services, seed and other input distribution
centers. This must also include a base-line inventory of the current natural resources available at a particular
location. This knowledge would help in recognizing the successful response strategies over time, and the
problems that farmers encounter so that a meaningful response can be formulated.

This data bank must include information obtained from the various monitoring evaluation studies conducted
in the area regarding the benefits and costs associated with the adaptation of climate smart adaptation
technologies so overtime farmers can make decision based on large evidence-base. This valuable data must
be communicated with farmers on a bi-annual basis through farmer field days and electronic media. Famers
with different experiences must be encouraged to share their stories on farmer field days for mutual
learning. A well-adapted strategy by one farmer can help another farmer in course-correction. Mechanisms
must be put in place to enable the storage and circulation of knowledge across different institutions.

5.16. Developing knowledge sharing platforms

A knowledge sharing platform must be established between the representatives of the extension department,
advisory groups and agriculture scientists (Mtega and Ngoepe, 2018). A significant obstacle impeding the
adaptation of agricultural sector to climate change impacts is the absence of a unified platform for
stakeholders to engage in meaningful dialogue. Numerous research studies have been conducted across
various domains of agriculture and climate change, but often, the findings remain confined to publications
that policymakers rarely peruse. Therefore, assembling a multi-stakeholder group consisting of both
scientific and non-scientific backgrounds to participate in policy discussions will complement the
government's endeavors in formulating climate change policies and frameworks that are well-informed and
guided by credible data from pertinent sources.

5.17. Incorporating indigenous knowledge

Indigenous knowledge can serve as a reliable source for researchers, policy makers and extension officers
for developing locally suitable climate smart adaptation practices (Armah et al, 2015). Local knowledge
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can give clear insight to the challenges faced by the farmers, and the adaptation strategies that have worked
effectively (Amare and Gacheno, 2021). Extension workers should be capable of harnessing this invaluable
knowledge as a starting point for crafting thoroughly researched and locally tailored strategies for adapting
to climate change.

5.18. Availability of real time information on marketing channels

Changing climate conditions may lead to farmers adopting new cropping patterns. Extension and advisory
services can facilitate the farmers in this transition period by providing timely information on availability
of seeds, soil management techniques, required fertilizers and pesticides, available marketing channels, and
prevailing marketing prices for the produce, and other required support and services.

5.19. Formation of inclusive groups

To effectively put CSA practices into action, there is a requirement for collaborative efforts involving
farmers, researchers, the private sector, civil society, and policymakers (Lipper et al., 2014). The
incorporation of climate change into agricultural policies and national development plans can be enhanced
by engaging in discussions at the district and national levels. Groups of relevant stakeholders must be
established at the national and provincial levels for inclusive policy discourse. Representatives from the
agriculture sector and departments dealing with climate change must be given a central platform for
discourse with other stakeholders for brainstorming ideas, understanding barriers to CSA and discussing
possible solutions. The group must include representatives from National and Provincial Agriculture
Research Centers, Ministry of National Food Security and Research, Ministry of Climate Change,
Provincial extension departments, farmer organizations, advisory groups, NGOs, civil society
organizations, and private sector including other relevant stakeholders. Collaborative innovations and
coordinated efforts among pertinent stakeholders, aimed at sharing research knowledge and information,
enhancing capabilities, and conducting research and development projects are important. (Scholtz et al.,
2014; Campbell et al., 2016).

Knowledge sharing through these groups periodically would help in overcoming coordination problems,
duplication and replication of effort, and would aid in streamlining policy issues. Each year, one department
can be selected on a rotational basis to oversee and regulate actions of concerning departments. Such an
accountability mechanism would help in tracking whether any constructive actions were taken in line with
the discussions and decisions taken in the annual group meetings. Improved cooperation between
researchers, extension agents, policymakers, and other relevant actors is required to advance the adoption
of CSA-aligned technologies and production systems (Kombat and Safati, 2021). The acknowledgments of
intersections, possible collaborative benefits, and trade-offs among different departments can lead to
enhanced coordination efforts aimed at enhancing efficiency and effectiveness by capitalizing on synergies
and minimizing trade-offs.

5.20. Adoption of cluster approach

Identification of specific geographical areas or clusters with high agricultural activity and are prone to
changing climatic conditions can be used as a starting point to test and later promote a climate smart
agriculture practice. For CSA adoption to yield the desired impact on the agricultural sector, it must be
tailored to diverse political, socioeconomic, and agro-ecological contexts (Wakweya, 2023). The process
can begin with a thorough assessment of the specific climate challenges to agriculture, and identification
of possible climate smart responses after bringing together a diverse group of stakeholders, including
farmers, agribusinesses, NGOs, government agencies, researchers, and community members (Khatri-
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Chhetri et al., 2019). A collaborative climate-smart agricultural plan that is tailor-made through the
involvement of community members (Osorio-Garcia et al., 2020) has higher chances of ownership. For
successful implementation of the plan, training must be provided to farmers, extension workers and other
stakeholders to build their capacity. Continuous monitoring visits (ADB; International Rice Research
Institute, 2019) must be conducted by the extension personnel to see if farmers are appropriately carrying
out the required activities.

The design ought to include development of modern post-harvest approaches (Bendito and Twomlow,
2015) such as improved harvesting, storage and distribution of agricultural products, strengthening of
market linkages for the cluster, and support to farmers in value addition and agribusiness development.
After a season is over, robust monitoring and evaluation must be conducted to track the progress of climate-
smart agriculture practices within the cluster (Scherr et al., 2012), and based on farmer feedback, revise and
refine the CSA plan. After completing the cycle of revised CSA plan, an M&E exercise must be conducted
again along with the documentation of success stories and lessons learned (Dinesh et al., 2015). If the cluster
approach demonstrates success, the model can be replicated in other clusters or scaled up to reach more
farmers and communities. It is essential to demonstrate tangible effects that extend beyond individual plots
or sites and reach a larger population, encompassing broader regions and influencing institutions and
policies that stimulate interest in scaling up. Based on the findings from the cluster, farmers, researchers
and other stakeholders can advocate for supportive policies at the local, regional and national levels.

5.21. Developing new varieties of seed

Development of improved as well as new seed varieties that can result in higher crop yields especially in
the face of changing climate conditions would encourage farmers to the adopt CSA practices. Customizing
seed varieties to suit specific local conditions allows farmers to better adapt to regional climate challenges,
ensuring crop success. Moreover, the availability of a wide range of seed varieties enables crop
diversification, which can help manage climate risks and improve soil health through crop rotation. New
seed varieties can open market opportunities for farmers, as they can produce crops that meet specific
market demands, including consumer preferences for taste, appearance, and shelf life. However, new crop
varieties hold little value if farmers cannot readily obtain them.

5.22. Market infrastructure

Creation of conducive market conditions will help mitigate the risk associated with investments in CSA
solutions (Fisher et al., 2016). Establishing a conducive environment for obtaining production inputs (such
as seeds, fertilizers, and labor), post-harvest infrastructure, and access to markets is pivotal (Alem et al.,
2015; Mabharaj et al., 2015). The instability of markets and fluctuating prices frequently influence users'
choices regarding the adoption of a specific CSA technology. Enabling institutions, particularly the market,
play a significant role in examining viable strategies to enhance the adaptive capabilities of small-scale
farmers. Findings from our discussions with the farmers revealed that the availability of remunerative
market outlets and access to inputs as pre-requisite for the uptake of CSA practices.

5.23. Mainstreaming Gender

Women'’s potential as agents of change for climate mitigation and adaptation must be factored in devising
the national action plans. Role of women in mitigation and adaptation at the household and community
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level can be specified by appointing a gender focal point®® in relevant departments for incorporating gender
considerations. These focal points can work with relevant stakeholders on accountability, follow-up and
review 2° Community outreach programs, workshops, SMS, and voice messages can be developed to teach
improved farming techniques, and traditional and sustainable methods for natural resource management.
District level gender-committees can be established for directing funds to women led organizations to build
their capacity. Projects such as Green Belt Movement (GBM) in Kenya?! and CSA training for smallholder
farmers (Kenya & Tanzania)*? demonstrated that women participation plays a crucial role in climate change
responses. In addition, experiences in the valleys of Bhutan and in the seedbanks of Gumbu South Africa
highlight the remarkable contribution by local women.*

5.24. Eco-based System Adaptation

Ecosystem-based adaptation reduces vulnerability to both climate and non-climate hazards while delivering
various economic, social, environmental, and cultural benefits (Scarano, 2017). Furthermore, healthy
ecosystems, such as forests, wetlands, mangroves, and coral reefs, have a greater capacity to adapt to
climate change and recover faster from severe weather events. Ecosystem-based Adaptation can be included
in the national, regional, and local policy and practice by adopting an integrated, participative, and
ecosystem-based approach to territorial planning. In many Countries, ecosystem-based Adaptation
activities have been prioritized within their national adaptation plans (NAPASs). For example, community-
based coastal afforestation in Bangladesh?* and watershed restoration in Haiti®. Pakistan is also focusing
on nature-based solutions for ecosystem restoration to benefit the people and devising conservation projects
such as ‘Clean and Green Pakistan’?, ‘Ten Billion Tree Tsunami’?’, ‘Protected Areas Initiative’?® and
‘Recharge Pakistan’?° for sustainable development.

Conclusion

Developing a well-thought-out strategy to advance CSA technologies, which combines technology
packages with a supportive institutional context, can offer potential avenues for the efficient expansion of
CSA choices. The successful adoption of CSA practices relies on the presence of a supportive policy and
institutional framework that tackles impediments to adoption and mitigates income losses resulting from
severe climate events. The role of institutions at the community level as well as provincial and national
level must be clearly defined to devise effective strategies to meet the demands of smallholder farmers. It
is imperative to facilitate efficient cooperation among researchers, extension services, policymakers, and
other non-governmental entities to encourage the utilization of CSA-compatible technologies and

19 Invest in Girls and Women to Tackle Climate Change and Conserve the Environment. Facts, Solutions, Case Studies and Calls
to Action.

20 |pid

21 GBM is a Kenyan women's non-governmental organization that began planting trees at the grassroots level in 1977 to combat
deforestation, soil erosion, and water scarcity. Women who willingly participate in the program receive extensive training in areas
such as food production, processing, and selling, apiculture, and tree planting and care. Available at:
http://www.greenbeltmovement.org/

22 FAO Success Stories on Climate-Smart agriculture. Available at https://www.fao.org/3/i3817e/i3817e.pdf

23 Available at https://reliefweb.int/sites/reliefweb.int/files/resources/GenderClimateBriefs.pdf

24 Available at https://unfccc.int/climate-action/momentum-for-change/activity-database/community-based-adaptation-to-
climate-change-through-coastal-afforestation-cbacc-cf-project-in-bangladesh

25 Available at https://www.unep.org/news-and-stories/story/haiti-communities-take-aim-deforestation

26 Available at https://cleangreen.gov.pk/eng

27 Available at http://thttp.gov.pk/

28 Available at http://tbttp.gov.pk/project-components/protected-areas-initiative/
2 Available at https://www.wwipak.org/our_work_/recharge_pakistan_/
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production systems. Bottom-up and landscape approach®® can be adopted to incorporate perspectives, needs
and constraints of the farmer community. Utilizing participatory community-driven approaches have the
potential to lead to equitable agricultural transformation The role of youth farmer groups and experienced
farmers in driving the adoption of CSA initiatives at the grassroots level is essential. The public sector can
advance promising technologies and methods by means of strategies, policies, and initiatives. On the other
hand, the private sector can make valuable contributions by providing climate-resilient services and
technologies, developing new seed varieties and livestock breeds, effective agricultural machinery,
establishing agricultural advisory services (Khatri-Chhetri, 2019). Extensive awareness campaigns in a
language that is understandable to all the segments are necessary to sensitize and rally the public in their
efforts to adapt to and mitigate the consequences of climate change. Integration of climate change into
educational curricula across all levels as a component of public awareness and education is required to build
a comprehensive understanding of the communities. Enhancing capacity is a vital aspect of agricultural
adaptation, and it is crucial to establish a compelling value proposition or incentive for all stakeholders to
actively engage in the adaptation process. A Gender Action Plan can be developed with an aim to ensure
equal representation of women and to improve their engagement in policy decision-making on climate
change.

30Available at https://www.climatelinks.org/blog/capacity-building-resilient-agriculture-landscapes
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Appendix 1- Climate Smart Technologies Identified for Adoption in South Asia

Bangladesh Bhutan India Nepal Pakistan Sri Lanka
1 Bed planting (BP) Protected Agriculture technology ~ Direct Seeded Rice Crop system (DSR in Rice-wheat Zero Tillage Wheat Planting in Rice-Wheat ~ Crop diversification - Sandwich cropping systems
system + Brown manuring-Sesbania) Cropping System using short-aged legume types (third-season
cultivation)
2 Integrated Nutrient Sustainable Land Management Laser Land Levelling Laser land leveling Direct Seeding of Rice in Rice-Wheat Multi-purpose soil conservation bunds
Management (INM) Cropping System
3 Zero tillage (ZT) or strip Automated/Smart Irrigation Broad Bed Furrow (Soybean) Alternate wetting and drying Alternate Wetting and Drying of Rice in Solar-powered water pumping systems/ micro
planting (ST) Technology (SIT) Rice-Wheat Cropping System irrigation
4 Mixed or intercropping Conservation Agriculture Zero tillage wheat Zero Tillage Happy Seeder / Pak Seeder 'Parachute” method of paddy seedling broadcasting
Wheat Planting in Rice-Wheat Cropping
System
5 Mulch and residue Zero tillage Maize based intercropping Raised Beds / Ridge Planting of Wheat in Protected agriculture for high-value crops
retention Rice-Wheat Cropping System
6 Agroforestry system Micro irrigation (Drip) in cotton Drought-tolerant varieties in rice Resilient Cropping Systems (Mung-Wheat, Rainwater harvesting techniques
Soybean-Wheat) in Rainfed Areas
7 Quesungual Slash and Plastic Mulching Green manuring in rice Resilient Cropping Systems (Sesbinia- Cultivation of climate-smart crops - Stress resistant
Mulch (QSMAS) Wheat) in Rainfed Area varieties
8 Resilient intercropping system Flood tolerant Drought-Tolerant Varieties in Rainfed Area  Application of biochar
9 Improved seed variety Integrated nutrient management Alternative Drying and Wetting irrigation in paddy
(Foxtail millet (SIA-3085)) cultivation
10 Drip irrigation Climate forecasting based Agro-met advisory &
alerts
11 Raised bed planting Home gardening with self-produced organic manure
12 Conservation agriculture




