W) Check for updates

DOI: 10.1002/cl2.1426

SYSTEMATIC REVIEWS

Climate Solutions

G Compbel vy ey

Collaborahon

Interventions promoting resilience through climate smart
agricultural practices for women farmers: A systematic

review

Ashrita Saran? |
Ranjana Rao? |
Ranjitha Puskur? |

1Campbell Collaboration, South Asia, Delhi,
India

2Delhi, New Delhi, India
3Campbell South Asia, Delhi, New Delhi, India
4Campbell South Asia, Delhi, India

5London School of Hygiene and Tropical
Medicine, London, UK

éCampbell Collaboration, Vasant Kunj, India

Correspondence

Ashrita Saran, Campbell Collaboration, South
Asia, Delhi, New Delhi, India.

Email: asaran@campbellcollaboration.org

Sabina Singh? |
Christine Simiyu? |
Edoardo Masset®

Neha Gupta® | Sujata Chodankar Walke? |
Suchi Malhotra* | Avni Mishra? |
| Howard White® | Hugh Sharma Waddington®

Abstract

Background: Climate change poses a significant threat to agricultural production
worldwide, with developing countries being particularly vulnerable to its negative
impacts. Agriculture, which is a crucial factor in ensuring food security and
livelihoods, is particularly vulnerable to changes in climate patterns, such as
increased temperatures, drought, and extreme weather events. One approach to
addressing these challenges is by promoting the adoption of climate-smart
agriculture (CSA) practices among farmers. CSA combines traditional agricultural
practices with innovative techniques and technologies to adapt to and mitigate the
impacts of climate change. infrastructure. By adopting CSA practices, farmers can
enhance their resilience to climate variability and improve their productivity.
Obijectives: This review examines the effectiveness of interventions promoting CSA
to enhance farmers' knowledge of the benefits of CSA approaches, subsequent
adoption of CSA, and disadoption of harmful agricultural practices in low- and
middle-income countries (LMICs).

Search Methods: We searched 39 academic and online databases, websites, and
repositories and screened over 19,000 experimental and quasi-experimental
publications to identify studies promoting CSA practices to women farmers. We
conducted a citation tracking process on included studies and contacted experts to
ensure a thorough search.

Selection Criteria: The review focused on studies that included interventions promoting
climate-smart agricultural approaches. Using EPPI Reviewer 4, two review authors
independently screened the impact evaluation using a standardized screening tool.
Data Collection and Analysis: Information about participant characteristics,
intervention characteristics, control conditions, research design, sample size, bias
risk, outcomes, and results were gathered. Data collection and quantitative analysis

were conducted using standard Campbell Collaboration methods.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2024 The Author(s). Campbell Systematic Reviews published by John Wiley & Sons Ltd on behalf of The Campbell Collaboration.

Campbell Systematic Reviews. 2024;20:e1426.
https://doi.org/10.1002/cl2.1426

wileyonlinelibrary.com/journal/cl2 1 of 26


mailto:asaran@campbellcollaboration.org
https://onlinelibrary.wiley.com/journal/18911803
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fcl2.1426&domain=pdf&date_stamp=2024-08-27

SARAN ET AL.

202 | vy ey-(G Compbel

Collaboration

Main Results: Eight impact evaluations were found (two randomized controlled
trials) evaluating the effects of CSA practices on farmer's knowledge gains of the
benefits of CSA practices and subsequent adoption. Knowledge dissemination
approaches such as Farmer Field Schools and weather and climate information
services were found to positively impact farmers' knowledge and adoption of
specific CSA practices. However, the evidence supporting this claim is uncertain as a
high risk of bias was assessed for five of the eight included studies. However, we
found no effects on the disadoption of harmful practices such as pesticide overuse.
Authors' Conclusions: The evidence base for studies promoting climate-smart
agricultural approaches (CSA) to farmers in LMICs is small, and there is a lack of studies
reporting sex-disaggregated data and studies explicitly targeting women farmers. The
review suggests that knowledge dissemination techniques are significantly effective in
improving CSA knowledge and adoption, including integrated pest management
techniques and their benefits, adoption of climate-resilient rice seed varieties (STRVs),
and use of botanical pesticides by farmers. More and better confidence studies are

needed to inform policy and programming, including those that look at a wider range of

KEYWORDS

1 | PLAIN LANGUAGE SUMMARY

Promoting climate-smart agricultural practices improves smallholder
farmers' knowledge and farming practices in low- and middle-income

countries (LMICs), but it is limited in scope and methodological rigor.

1.1 | The review in brief

Interventions promoting climate-smart agriculture (CSA) approaches,
such as farmer field schools and agriculture extension services, show
improvements in knowledge gains and adoption of these practices by
smallholder farmers in LMICs. However, due to methodological
limitations, confidence in study findings is low.

1.2 | What is this review about?

Climate change has been seen to cause extreme weather conditions
and natural disasters such as heavy rainfall, drought, catastrophic
storms, pest infestation, wildfires, flooding, and declining biodiversity,
which in turn reduces global food production and security,
particularly in developing countries. Women, who make up approxi-
mately 43% of the agricultural labor force, are the most affected by
climate change threats due to their disadvantaged social, economic,
and cultural position. For example, female farmers in developing
nations have less access to modern technology, markets, information,

interventions, including changing norms, values, and institutional arrangements.

climate-smart agriculture (CSA), gender, knowledge dissemination approaches, sustainable
agriculture, women farmers

assets, and credit than their male counterparts. CSA aims to prevent
climate change and food insecurity by providing agricultural methods
that increase production and income without disrupting the
ecosystem and natural resources. Therefore, by introducing women
farmers to CSA, we can improve their resilience to climate change
effects by providing timely access to valuable information and user-

friendly technology.

1.3 | What is the aim of this review?

We conducted a systematic review of interventions aimed at
promoting CSA practices in LMICs, with a focus on enhancing
women farmers' knowledge and adoption of CSA while discouraging
harmful agricultural practices.

1.4 | What were the main findings of this review?

The review analyzed eight impact evaluations that assessed the
effectiveness of CSA promotion interventions. All of these interven-
tions were knowledge dissemination approaches. All the included
studies examined the impact of the intervention on both women and
men farmers. However, studies explicitly targeting women farmers or
providing sex-disaggregated data were lacking.

Four studies examined how farmer field schools, or their

modification, could increase farmers' knowledge about the benefits
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of CSA practices and their subsequent adoption. Only one study,
which used participatory action research and awareness campaigns,
successfully increased knowledge and led to the trial adoption of
water-saving technologies among farmers in rural areas. In contrast,
two studies that used video-assisted learning on botanical pesticide
use and climate-resilient rice seed varieties found positive changes in
farmers' knowledge scores and subsequent adoption. Only one study
aimed to incorporate a gender-focused approach by ensuring equal
participation and representation of women in the training sessions.
Another study investigated the link between weather and climate
information services and the adoption of multiple cropping practices
and water management and found that the use of weather and
climate information services significantly increases the adoption of
water management and multiple cropping practices.

Knowledge dissemination approaches were found to positively
impact farmers' knowledge and adoption of specific CSA practices.
However, the evidence supporting this claim is uncertain. Significant
gaps exist in sex-disaggregated data and crucial interventions, such as
studies on financial incentives and institutional arrangements, which

are essential in improving the adoption of CSA approaches.

Examples of specific activities
associated with each response to
climate change

Type of response to
climate change

Climate-resilient crop ~ Stress tolerant rice variety (STRV)
seeds

Use of fertilizers and
pesticides

Agronomic practices

Type of promotional interventions

Quality seed production training (QSP)

Weather and climate information services
(weather forecasts, call centers, agro-
advisories, input and output market prices)
Farmer field schools
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1.5 | What do the findings of this review mean?

These review findings imply that while knowledge dissemination
approaches promise to advance CSA practices among farmers, the
evidence is not robust across all dimensions. More research is
needed, mainly to understand the role of gender and the influence of
financial and institutional factors in promoting and adopting CSA

practices.

1.6 | How up-to-date is this review?

The review authors searched for studies published between January
2010 and February 2022.

2 | SUMMARY OF FINDINGS

Summary of findings 1
Intervention characteristics of selected studies.

Studies reporting responses
to climate change

Dar et al. (2020)

Djido et al. (2021)

Guo et al. (2015); Mancini
et al. (2006)

Chowdhury et al. (2015)

Video-mediated learning

Modified planting
activities

Multiple cropping practices

Weather and climate information services
(weather forecasts, call centers, agro-

Djido et al. (2021);
Nyasimi (2007)

advisories, input and output market prices)

Irrigation and water

management micro irrigation, water harvesting and

Carbon or nutrient
management

Nutrient management, agro-
environment and cultivation

Summary of findings 2
Intervention content and implementation details.

Study Country Study type Sample size

Chowdhury
et al. (2015) males and 137

females

Water conservation strategies, irrigation, Weather and climate information services
(weather forecasts, input and output market
improving drainage prices)

Farmer field schools

Intervention type

Bangladesh Controlled trial 288 farmers; 151 Knowledge
dissemination and
capacity building
approaches &

Djido et al. (2021); Sharma
et al. (2019); Osumba
et al. (2021)

Guo et al. (2015)

Intervention description Setting

Video and discussion:
Botanical pesticide
innovation through video
mediated learning

16 villages in 3 sub-districts
(Sajahanpur, Sherpur and
Bogra Sadar)

intervention to
promote participation
in CSA activities

(Continues)
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Study Country Study type
Dar India Randomized
et al. (2020) controlled trial
Djido Ghana Bi-variate
et al. (2021) probit model
Guo China Randomized
et al. (2015) controlled trial
Mancini India
et al. (2006)
Nyasimi Tanzania Cross-sectional
et al. (2017)
Osumba Kenya, Cross-sectional
et al. (2021) Tanzania

and

Uganda
Sharma India Pre-and-post
et al. (2019)

Sample size

1220 farmers,
610 female
farmer and 610
male farmers
were selected
from 61 villages.

900 farmers

711 households,
299 female and
412 males.

137 smallholder
farmers

81 households; 54
male-headed and
27 females
headed

661 participants,
209 females and
452 males and 36
agri-business

150 farmers, 75
female farmers
and 75 male
farmers

Intervention type

Knowledge
dissemination and
capacity building
approaches &
intervention to
promote participation

Knowledge
dissemination and
capacity building
approaches &
intervention to
promote participation

Knowledge
dissemination and
capacity building
approaches &
intervention to
promote participation

Knowledge
dissemination and
capacity building
approaches &
intervention to
promote participation

Knowledge
dissemination and
capacity building
approaches &
intervention to
promote participation

Knowledge
dissemination and
capacity building
approaches &
intervention to
promote participation

Knowledge
dissemination and
capacity building
approaches &
intervention to
promote participation

Intervention description

Training and inputs:
Farmers receive Quality Seed
Production (QSP) trainings,
access to climate-resilient
rice seed variety and agro-
based goods (IRRI-bags)

Weather information
services:

Farmers received weather
and climate information
services (WCIS) under the
project by CGIAR Research
Program on Climate
Change, Agriculture and
Food Security (CCAFS).

Training:

Agriculture extensions and
skill training through
Farmer Field Schools

Training:
Integrated pest
management training

In this farmer were
exposed to the Farms of
the Future (FotF), climate-
analog tool developed by
Consultative Group for
International Agricultural
Research (CGIAR) Research
Program on Climate
Change, Agriculture and
Food Security (CCAFS)

Climate-resilient
agribusiness FFS (CRAFFS)

Awareness campaigns and
street plays on water
saving technologies

Setting

61 villages were selected from
34 districts in Eastern Indian
states of Bihar, Chhattisgarh,
Jharkhand, Odisha and West
Bengal. The areas targeted
represent the abiotic stress
prone ecologies mainly
affected by drought.

Data was collected from the
upper West Region of Ghana
including Tabier, Orbili, Tuori,
Bompari, Dazuuri, Wulling,
Die, Jeffiri, Baazu, and
Doggoh

Anhui Province in two
countries Chaohu and
Tianchang

Two villages Yamba and
Mbuzii were selected from
Lushoto, Norther Tanzania

Kenya, Tanzania and Uganda

Ropar, Ludhiana and Faridkot
districts were selected from
the three zones of Punjab
namely north-east zone,
central zone and south-west
zone. One village with the
highest rate of groundwater
depletion and paddy-wheat
crop rotation was selected
from each of the selected
districts, namely, Sandhua
(Ropar), Talwandi Khurd
(Ludhiana) and Ransingh Wala
(Faridkot)
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Summary of findings 3

Summary of findings.
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Outcome Studies reporting outcomes Effect Summary
Knowledge Chowdhury et al. (2015), Dar et al. (2020), d=0.30 (0.13 to 0.46) Moderate effect based on small number of
Guo et al. (2015), Mancini (2006) n=4 studies with moderate heterogeneity and small
?=75% publication bias
Egger's test
-3.47 (t=-2.15,p=0.16)
Disadoption Chowdhary et al. (2015) d=0.21 (0.08 to 0.50) Small effect based on small number of studies
Mancini (2006) n=2 with high heterogeneity and potential
I>=80% publication bias
Eggers test
Too small sample size
Adoption Chowdhary et al. (2015), Dar et al. (2020), d=0.25 (0.03 to 0.48) Small effect based on the low number of
Mancini (2006) n=3 studies with high heterogeneity and potential
’=81% publication bias

Eggers test
Too small sample size

Summary of findings 4

Outcome variable categories.

Outcome type Examples of outcome sub-types included

Knowledge Knowledge score (pest management, nutrient management, decision
making), knowledge of helpful practices (using plants as pesticide),
knowledge of harms (chemical pesticides)

Attitudes Agree with beneficial practices

Disadoption (unfavoured
practice)

Adoption (favored practice) Adoption of CSA, use of botanical inputs, safe storage of inputs

Management Sustainable farm

Time use Total labor use, labor use for specific tasks (e.g. pesticide, IPM tasks),
female share of total work

Yield Kilogrammes per hectare

3 | BACKGROUND

3.1 | The problem, condition or issue

Climate change is projected to have a substantial and widespread
impact on global agricultural production, food security and livelihoods,
and developing countries are highly susceptible to further negative
consequences (IPCC, 2021). Extreme climate change events, such as
droughts, heavy rainfall, flooding, water scarcity, severe fires, rising
sea levels, melting polar ice, catastrophic storms, and declining
biodiversity, will accelerate in many regions worldwide, influencing
food production and supply (Hasegawa et al., 2021). The average and
seasonal maximum temperatures will continue to rise, threatening

Studies reporting outcome

Chowdhury et al. (2015), Guo et al. (2015),
Mancini (2006)

Chowdhury et al. (2015)

Number of sprays during first 40 days, use and cost of pesticide

Chowdhury et al. (2015), Dar et al. (2020),
Djido et al. (2021), Mancini (2006)

Guo et al. (2015)
Mancini (2006)

Mancini (2006)

crops, wildlife, and freshwater supplies. High CO, levels can affect
crop yields and are associated with reduced protein and nitrogen
content in most crops, such as wheat, rice, barley, oats, and potatoes,
resulting in quality loss (USGCRP, 2018). Reduced grain quality could
affect livestock, which contributes more than 15% of the global
human protein supply (USGCRP, 2018). Heat stress further increases
livestock vulnerability to diseases and reduces livestock fertility and
milk production. Moreover, moisture-reliant pathogens can thrive in
areas with high rainfall. An increase in the use of parasiticides may
cause parasiticides to enter food chains (USGCRP, 2018). Rising ocean
temperatures and ocean acidification have severely impacted the
sustainability of fisheries and aquaculture and, thus, the livelihoods of
the communities that depend on fisheries (Portar et al., 2014).
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Land use, land cover change (LULCC), and climate change are
interrelated. From 2007 to 2016 land use (cultivation of crops and
livestock) and land use change caused by deforestation accounted for
approximately 13% of CO,, 44% of methane (CH,), and 81% of
nitrous oxide (N,O) emissions, representing 23% of the total global
greenhouse gas (GHG) emissions (IPCC, 2019). On the other hand,
global climate change impacts LULCC by changing precipitation
patterns, degrading land, and increasing temperatures (Mbow
et al., 2019; IPCC, 2019). The negative impacts of climate change
on land include depletion of natural resources, disruption of water
cycles, decline in biodiversity, and spread of diet-induced diseases.
Developing countries are particularly vulnerable to climate change
and LULCC owing to their geographical and climatic conditions.
Climate change has led to issues related to soil and land degradation,
including soil acidity, unavailability of micronutrients, low carbon
content, and low water-holding capacity (Elbehri et al., 2017).
Increased desertification is estimated to have the greatest impact in
Asia and Africa. A growing number of wildfires may affect North
America, South America, the Mediterranean, southern Africa, and
Central Asia and a decline in crop yields is expected to be most
pronounced in the tropics and subtropics (IPCC, 2019). Statistics
show that 65% of the workforce in Sub-Saharan Africa and 60% in
South Asia work in agriculture and depend solely on agriculture
(covering crops and livestock production, as well as forestry, fisheries,
and aquaculture) for income livelihoods, food, and nutrition security
(Ado et al., 2019; Hasegawa et al., 2021). Hence, many of the most
vulnerable people are exposed to the effects of climate change and
LULCC through the loss of rural livelihoods and income, marine and
coastal ecosystems, terrestrial and inland water ecosystems, and
food insecurity (Mbow et al., 2019).

3.1.1 | Why women are vulnerable to climate
change?

In agriculture, women are disproportionately affected by the threats and
shocks posed by climate change, especially in developing countries
(Paavola & Adger, 2006; Petheram et al., 2010; UNDP, 2016). Women
account for approximately 43% of the agricultural labor force in
developing countries and are essential to supporting production and
providing food, nutrition, and income security (Food and Agriculture
Organization [FAQ], 2012). Women's vulnerability to climate change
stems from social, economic and cultural factors. Women comprise 70%
of the 1.3 billion impoverished people. Among poor urban households,
women head 40% (Munoz Boudet et al., 2018). More than half of the
world's food is produced by women (50%-80%), but they own less than
10% of the land (Paudyal et al., 2019). Women also have less access to
resources such as land, credit, agricultural inputs, decision-making
structures, technology, training, and extension services, which would
enhance their capacity to adapt to climate change (Howland et al., 2019).
In most cases, women are responsible for the time-consuming and labor-
intensive tasks carried out by hand or with simple tools. Subsistence

farming is primarily performed by women, who raise poultry, small

livestock, and horticulture (Wester & Lama, 2019). Environmental goods
and services are only partially accessible and controlled by women; they
have little input into decision-making and do not share the benefits of
managing the environment. Lack of access to resources leads women to
over rely on harmful coping mechanisms, such as maladaptive agricultural
practices, overcropping (which depletes soil fertility), and the use of
scarce agricultural inputs (e.g., water and time) for other purposes
(Berrang-Ford et al., 2021; Chanana-Nag & Aggarwal, 2020). Further-
more, they may simply fail to adapt to changing circumstances to grow
crops that suit their household nutritional needs. This makes women less
able to cope with climate change than men. Having to travel farther to
get water and wood for heating is likely to increase the burden on
women in such situations (WHO, 2016). A wide range of gender-based
inequalities affect women living in many developing countries, including
human rights, political rights, economic status, land ownership and
housing conditions (Huyer & Partey, 2020). Thus, women's vulnerability
is exacerbated by climate change. During climate shocks, women are also
highly vulnerable to physical, sexual, and domestic violence (Desai &
Mandal, 2021). Furthermore, women's coping mechanisms and resilience
patterns to climate stressors vary because of the complex interplay
between ethnicity, religion, class, and age (Jost et al., 2016). It is evident
that women play a critical, potentially transformative role in addressing
food insecurity in their households and communities but continue to face
obstacles (Nhat Lam Duyen et al., 2021; Paudyal et al., 2019; Teklewold
et al.,, 2019; Tomayko et al., 2017; FAO et al., 2021).

3.1.2 | What is climate-smart agriculture (CSA)

CSA has emerged as a promising way to ensure adequate food
supplies for the growing population and to meet the challenges of
climate change (Totin et al.,, 2018; FAO, 2010). The FAO of the
United Nations defines CSA as “agriculture that sustainably increases
productivity, enhances resilience, reduces greenhouse gases, and
enhances achievement of national food security and development
goals” (FAO, 2012). CSA aims to address food insecurity and climate
change by promoting approaches that increase agricultural produc-
tion and income without depleting natural resources and vital
ecosystems, encouraging resilience and climate change adaptation,
and reducing GHG emissions (FAO, 2012). The wide range of
technologies and practices in CSA are hereafter referred to as CSA
approaches. We used the following classification of CSA approaches,
adapted from (Aggarwal et al., 2018) and the (World Bank, FAO and
IFAD, 2015), to guide our study inclusion criteria and draft and

implement the search.

e water smart: water harvesting and water management and
community management of water

o weather smart: weather warning systems, agro-advisors, and
weather insurance

o seed/breed smart: high-yield, stress-tolerant seed varieties

e carbon/nutrient smart: cover cropping; efficient fertilizer usage;

no-till or minimum-tillage farming
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e institutional/market smart: financial services, market information, off-

farm risk management, gender strategies, and cross-sector linking

Previous studies show which CSA approaches work best and where,
why, and how they perform well (FAO and Care, 2019; Aggarwal et al.,
2018). However, evidence is lacking regarding whether CSA approaches
are available, accessible, and able to make a difference for smallholder
farmers (both men and women) (Totin et al., 2018; Schut et al., 2016
Rosenstock et al., 2016). Additionally, there is a lack of evidence on
whether these interventions have the potential to make a meaningful
difference in empowering and enhancing women resilience. To bridge this
gap, we conducted a systematic review of the literature and synthesized
the existing evidence on interventions used to promote CSA among
smallholder women farmers in LMICs. The objective of this study was to
identify and evaluate the effectiveness of these interventions, focusing on
their ability to empower women farmers and contribute to their resilience

in the face of challenges associated with traditional agricultural practices.

3.2 | The intervention

This review includes studies on interventions that may be used to
support the adoption of CSA approaches by smallholder farmers, not
the impact of CSA approaches per se (Lopez-Avila et al., 2017):

e knowledge dissemination approaches, such as Farmer Field
Schools (FFS) and peer learning (e.g., local champions), information
and communication technologies (e.g., telephone, text, radio, and
television), and group and individual training and demonstration
(e.g., extensions, demonstration plots, field days, and schools)

e financial approaches, including credit and subsidies (e.g., cash
transfers, vouchers, and matching grants), insurance against loss,
and advice on risk management

e institutional arrangements, including collectivization (e.g., farmer
cooperatives and federations), contract farming, land titling, and
community infrastructure (e.g., irrigation dams)

3.3 | Potential implementation of CSA approaches

The adoption of CSA approaches is based on the understanding that
farmers see an advantage in following or are incentivized to follow these
agricultural practices instead of their conventional ones (FAO, 2014;
Khatri-Chhetri et al., 2020). These interventions may be based on various
underlying principles and approaches. Interventions at one end of the
spectrum follow a top-down approach; for example, FFS are a form of
agricultural extension service where experts train groups of farmers on
improved agricultural techniques. The FFS approach aims to educate
farmers about specific practices such as pest management, crop rotation,
and the use of improved seed varieties to enhance productivity and
sustainability (Sivabalan et al., 2021). At the other end of the spectrum are
interventions built on local synergies and following participatory (bottom-

up). Participatory Action Research in agriculture involves farmers and
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researchers working together to identify problems, develop solutions, and
implement practices that are suited to local conditions (Lacombe
et al,, 2018; Roudier et al., 2014). For instance, a community might work
together to test different crop varieties under local soil and climatic
conditions to identify those that perform best, thereby creating a locally
adapted solution to agricultural challenges posed by climate change.
Interventions may also incorporate an overt emphasis on addressing the
gender inequalities in access to knowledge and control over resources
between men and women in agriculture or related activities (Gumucio
et al., 2020).

The causal pathway through which CSA promotion interventions
for land, soil, water, and biodiversity management can enhance
women's resilience is shown in Figure 1. Resilience refers to “the
ability to persist in and survive a disaster with minimal influence and
destruction. It includes the ability to lessen or evade damages,
encompass the impacts of hazards, and bounce back with slight
disturbances” (Cutter et al., 2008). Adaptive capacity shows the
ability of a household to adapt and cope with a hazard, in this case,
climate-induced shocks and stresses, such as drought, floods, and
climate variability. This enables families to continue performing their
essential functions during such hazards (FAO, 2014).

The first step toward encouraging farmer communities to adopt CSA
technologies is building awareness about climate change risks and
uncertainties and how these risks can be countered by the preparedness
of systems built on CSA practices. Knowledge dissemination approaches,
such as FFS, may thus provide information and awareness regarding
appropriate CSA approaches (IRRI and CRISP, 2020). Depending on a
community's level of engagement, local solutions may also be incorpo-
rated into its suite of CSA approaches for land/soil, water, and
biodiversity management. For example, the financial bottlenecks in
adopting CSA approaches can be handled by providing microfinance
assistance or subsidies on inputs, such as seeds, fertilizers, and equipment.
Crop insurance is increasingly used to help farmers manage climate risk.
Institutional arrangements, such as land titling and community infra-
structure projects (e.g., irrigation), may also help overcome barriers to
adoption (Makate, 2019).

The above-mentioned interventions may aid in the adoption of
context-appropriate CSA approaches, which can increase the knowl-
edge score and understanding of the benefits of CSA approaches,
subsequent adoption, and long-term sustainable economic, social, and
environmental outcomes. These economic outcomes may include
increased yields, incomes, and consumption/food security.

3.4 | Why it is important to do this review

CSA has emerged as a holistic approach that aims to increase
productivity, enhance resilience, and reduce GHG emissions in agricultural
systems. CSA practices not only mitigate climate change but also
contribute to sustainable development goals (SDGs) (IPCC, 2019; World
Bank, FAO and IFAD, 2015). The SDGs of climate action (SDG 13),
responsible consumption and production (SDG 12), zero hunger (SDG 2),
and poverty eradication (SDG 1) are closely linked to climate-smart
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FIGURE 1

approaches to agriculture, land, forestry, and water management
(IPCC, 2021). These SDGs depend on sustainable agricultural practices,
such as minimizing water waste and using organic farming techniques,
which can help reduce GHGs released into the atmosphere. Sustainable
land management practices, such as reforestation and better land
management, can reduce soil erosion and plant more carbon-absorbing
trees. A crucial part of building a CSA evidence base is identifying and
synthesizing the existing evidence base on the effectiveness of
interventions promoting CSA approaches and identifying the key
vulnerabilities. A global evidence map of climate change adaptation
initiatives, including in agriculture, has also been published (Berrang-Ford
et al., 2021). Systematic reviews have been conducted or planned on the
effects of CSA technologies (Rosenstock et al., 2016; Bui & Vu, 2020).
Researchers have also reviewed interventions that promote smallholders'
adoption of agricultural technology using top-down and bottom-up
approaches (Korth et al., 2014; Waddington et al., 2014). In addition,
systematic reviews have incorporated evidence of the effects of changing
institutional arrangements, such as contract farming (Ton et al., 2018), and
explicitly examined the impacts on women farmers, including farmer field
schools (Waddington et al., 2014; van den Berg et al., 2015) and land
reform (Lawry et al, 2017). Another review examined interventions
designed to empower communities in the NRM (Waddington et al., 2019).
A previous systematic review examined the impact of aquaculture
interventions on women's productivity, income, nutrition, and empower-
ment (Gonzalez et al., 2021). A systematic map summarizing published
evidence of the gender composition of forestry and fishery management
groups (Leisher et al, 2016) and an evidence gap map of agricultural
innovation (Lopez-Avila et al., 2017). However, we did not find existing or

planned systematic reviews focusing on the effect of interventions

Logic model. Source: Lopez-Avila et al. (2017) and World Bank, IFAD and FAO (2008).

promoting CSA practices on smallholders' and women farmers' knowl-
edge and subsequent adoption of CSA practices.

This review will examine various interventions, such as capacity-
building programs, financial incentives, and extension services, to
evaluate their impact on knowledge acquisition and adoption rates of
CSA approaches by smallholder farmers in LMICs.

4 | OBJECTIVES

The primary objective of this review is to synthesize evidence of the
effectiveness of interventions promoting CSA to enhance smallholder
farmers' knowledge of the benefits of CSA approaches, subsequent
adoption of CSA, and disadoption of harmful agricultural practices in
LMICs.

We also aimed to identify whether there are any differences in
the impact of these interventions on women and men farmers (where
and if studies reported an impact for women and men farmers
separately) (O'Neill et al., 2014).

5 | METHODS
5.1 | Criteria for considering studies for this review
5.1.1 | Types of studies

Eligible studies include those in which the authors used a control or
comparison group (Littell, 2018):
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e Randomized or Quasi-Random Assignment: Eligible studies should
have participants randomly or quasi-randomly assigned to differ-
ent intervention groups.

e Non-Random Assignment with Matching or Statistical Control: If
random assignment is not feasible, studies can still be eligible if
participants are assigned non-randomly but matched by relevant
characteristics. Alternatively, statistical methods (such as propen-
sity score matching) can be used to control for differences
between groups.

e Before-After Studies: Controlled before-after studies (with a pre-
intervention and post-intervention assessment) are eligible.

e Combinations of Approaches: Eligible studies may use
combinations of the above approaches. Examples include
pair-matched randomization, randomized encouragement

using instrumental variables, fuzzy regression discontinuity

using instrumental variables, or propensity score-weighted

difference-in-differences.

Examples of studies included and excluded
Supporting Information: Appendix 1 lists the studies in the
reviews, and Supporting Information: Appendix 2 lists the

excluded studies.

5.1.2 | Types of participants

Eligible participants were women and men farmers engaged in
agriculture and natural resource management in LMICs, as defined by
the World Bank categorization at the time the intervention was

conducted.

5.1.3 | Types of interventions

Eligible interventions are those that promote existing, new, or
improved climate-smart agricultural approaches.

e Knowledge dissemination and capacity-building approaches such
as Farmer's Field Schools or their modification, social networking
and peer learning, information and communication technologies,
group and individual training and demonstration, and agriculture
extension services.

e Financial approaches, including credit and subsidies such
as cash transfers, vouchers, matching grants, and crop
insurance.

e |Institutional arrangements such as collectivization (e.g. farmer

cooperatives and federations).

Comparators included business-as-usual access to conventional
agricultural services, including no access or promotion of non-climate
smart approaches, different interventions promoting CSA, or inter-

ventions with different intensities.
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5.1.4 | Types of outcome measures

This review included three key outcomes related to CSA: knowledge
and awareness about appropriate CSA approaches, adoption of
proper CSA practices, and disadoption of harmful practices, agricul-
ture outcomes (e.g., yield), and social outcomes (e.g., time use).

5.1.5 | Duration of follow-up

Any follow-up duration was eligible, and multiple outcomes for
multiple follow-ups were coded to be used as “synthetic effects” or
synthesizing effects by time period where sufficient studies report

multiple similar follow-ups.

5.2 | Search methods for identification of studies

The electronic searches of the selected databases were accompanied
by a gray literature search using organizational websites. Systematic
review databases were also searched. Hand searches of selected

journals and articles were also conducted.

5.2.1 | Electronic searches

The electronic searches of selected databases were accompanied by
gray literature searches using organizational websites. Only studies
published in English were selected for the review.

Electronic searches: The search string was designed according to
our research questions and used in a series of databases known to
cover agricultural literature. The following databases were searched:
AgEcon, CAB Abstracts, Web of Knowledge (Social Sciences Citation
Index [SSCI] and Social Science Conference Proceedings), SCOPUS,
International Bibliography of the Social Sciences, AGRIS, EconlLit, US
National Agricultural Library (Agricola) and EBSCO multifile groups of
databases: Academic Search Research and Development, Africa-
Wide Information, Soclndex. Supporting Information: Appendix 1
provides the search string for the Web of Science Core Collec-
tion (SSCI).

Searching other resources: International Initiative of Impact
Evaluation (3IE), Epistemonikos, DFID Research for Development
(R4D), IMMANA grant database, 3ie impact evaluation repository and
The World Bank IEG evaluations, OECD/DAC Evaluation database,
Google Scholar, OpenGrey, Networked Digital Library of Theses and
Dissertations (NDLTD), were also searched www.theses.org.

We also searched the organizational websites and repositories of
the CGIAR group, IFAD, IIED, FAO, AgriProFocus, BMGF, Donor
Committee for Enterprise Development, Swiss Agency for Develop-
ment and Cooperation, Department for International Development
(DFID), IPA and J-PAL, and the USAID Development Experience

Clearinghouse.
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Conference proceedings and papers from the Agriculture,
Nutrition and Health Academy Conference, the Center for the Study
of African Economies (CSAE) Conference, the North East Universities
Development Consortium (NEUDC) Conference and the World Bank
Economic Review were also searched to identify eligible conference
papers. Citation searches in Web of Science and Google Scholar for
included studies were conducted. Finally, we examined the reference
lists in relevant global maps (Lopez-Avila et al., 2017; Berrang-Ford
et al., 2021). Figure 2 shows the PRISMA flowchart of study

selection.

5.3 | Data collection and analysis
5.3.1 | Selection of studies

Eppi-Reviewer software was used for data management and analysis.
All identified studies were imported to the Eppi-Reviewer for screening,
followed by data extraction. Two researchers independently screened
The identified studies at the title & abstract and full-text stage using a
pre-validated screening tool (Supporting Information: Appendix 2). The
screening tool was piloted to screen for 100 studies. The disagreements
at both screening stages were resolved by discussion and, if necessary,

arbitrated by a third reviewer.

5.3.2 | Data extraction and management

We extracted a range of data, including bibliographic details, outcomes,
interventions, period covered and study design using a pre-validated
data extraction tool (Supporting Information: Appendix 3). Two
researchers independently extracted the data, and the data extraction

reports were matched for agreements.

Assessment of risk of bias in included studies
For randomized and non-randomized studies, the potential risk of
bias in the included studies was assessed using a tool adapted from
Waddington et al. (2012) and Stewart et al. (2014), which articulates
bias domains around confounding, selection bias, departures from
intended interventions, and bias in measurement, and reporting bias
(Supporting Information: Appendix 4).

Risk of bias ratings were assigned for each of the seven domains,
varying from low to moderate to high.

Measures of treatment effect

Effect size estimates with 95% confidence intervals (95% Cls) were
extracted from included studies. Effect sizes were measured as mean
differences (where studies use the identical continuous outcome
measured in the same units), standardized mean differences (SMDs),

or, in the case of dichotomous outcome variables, odds ratios, with

—
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their standard errors and 95% Cls (Waddington & Cairncross, 2021;
Cumpston et al., 2019).

Assessment of heterogeneity

We assessed heterogeneity among the included studies by calculat-
ing the I? statistic (Egger et al, 1997), which quantifies the
percentage of total variation across studies that is due to

heterogeneity rather than chance (Langan et al., 2019).

Data synthesis

Effect sizes were pooled statistically using inverse-variance weighted
random-effects meta-analysis, using the mean and meta-reg com-
mands in Stata Version 16. Using forest plots, we presented effect
sizes and 95% Cls. Where constructs were considered sufficiently
similar, we estimated pooled effect sizes across studies using inverse-
variance weighted random effects meta-analysis using R software (R).
We undertook a sub-group analysis by sex.

Treatment of qualitative research

We did not include qualitative studies in our review.

6 | RESULTS
6.1 | Description of studies

6.1.1 | Results of the search

The search initially identified 19,407 studies. From these initial
search results, 8811 duplicates were removed, leaving 10,596
records. Supporting Information: Appendix 2 provides initial hits
for each database search. After screening the title and abstracts
according to inclusion criteria, a further 10,260 records were
removed, leaving 336 records. The remaining 336 records were
screened for the full text. After double-screening all full-text
documents, eight papers were included. The search results are

summarized in Figure 2.

6.1.2 | Included studies

This section summarizes the eight included studies and their
characteristics, including region, CSA practices, target group of
interventions, and outcomes. Note that the studies will be referred
to by the first author's last name and year of publication.

Region: Sub-Saharan Africa was represented by three studies:
Osumba et al. (2021) covered Kenya, Tanzania, and Uganda; Djido
et al. (2021) from Ghana; Nyasimi et al. (2017) included Tanzania.
Four studies were from South Asia, specifically Bangladesh
(Chowdhury et al., 2015) and India (Dar et al., 2020; Mancini, 2006;
Sharma et al., 2019). East Asia and the Pacific were represented by
China (Guo et al.,, 2015). Neither Europe, Central Asia, the Middle
East, nor North Africa were represented in the studies.
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CSA practices characteristics

A wide ranhe of CSA practices were promoted in the studies,
including integrated pest management (IPM), the use of high-yield,
climate-resilient crop varieties, soil fertility management, water
management, and mitigation of climate change effects. Dar et al.
(2020) aimed to promote knowledge about high-yield, climate-
resilient crop varieties, especially their benefits, to smallholder
farmers. Researchers evaluated the impact of quality seed production
training on male and female farmers' awareness and adoption of
climate-resilient or stress-tolerant rice varieties (STRVSs) in abiotic-
stress-prone states in India most affected by droughts. A study
conducted by Djido et al. (2021) examined the relationship between
weather and climate information services (weather forecasts, call
centers, agro-advisories, and input and output market prices) in
Ghanaian smallholder farmers' adoption of five CSA practices
(eradication of erosion, pest management, pest-resistant crops, water
management, and multiple cropping). Nyasimi et al. (2017) evaluated
the effectiveness of the “farms of the future” (FOTF) approach
developed by the Consultative Group for International Agricultural
Research Program on Climate Change, Agriculture, and Food
Security. Through farm visits and exchanges between spatial analogs,
this approach is based on peer learning (farmer-to-farmer interaction)
and connects farmers to their possible climate futures. The CSA
practice implemented in the study by Chowdhury et al. (2015)
involves the utilization of video-mediated learning to enhance
farmers' understanding of botanical pesticide innovation. Video-
mediated learning refers to the use of instructional videos as a means
of disseminating knowledge and providing training to farmers. This
practice is considered climate-smart as it promotes sustainable
agriculture by reducing the use of chemical pesticides, minimizing
environmental impact, and increasing the resilience of farming
systems to climate change. The climate-smart practice highlighted
in the study by Mancini (2006) involves the adoption of IPM
techniques through FFS. IPM is an environmentally friendly approach
to pest management that integrates various strategies, including
biological control, cultural practices, and judicious use of pesticides. It
emphasizes the reduction of chemical inputs, promotes biodiversity
conservation, and enhances the overall sustainability of farming
systems.

Guo et al. (2015) evaluated the effectiveness of the FFS
approach in enhancing farmer knowledge acquisition, changes in
agricultural practices, crop yields, and the adoption of integrated low-
carbon farm management that is still yield enhancing. The study by
Sharma et al. (2019) focused on utilizing a social marketing approach
to change water use behavior among rural communities in Punjab,
India. The study highlights the significance of promoting sustainable
water management practices and the role of social marketing in
shaping behavior towards water conservation.

Intervention characteristics

The included studies examined three of the six intervention types in
Table 1. All studies reported knowledge dissemination and capacity-
building interventions, of which four involved farmer field schools or
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TABLE 1 Intervention characteristics of selected studies.

Examples of specific activities
associated with each response to
climate change

Type of response to
climate change

Climate-resilient crop Stress tolerant rice variety (STRV)

seeds

Use of fertilizers and
pesticides

Agronomic practices

Type of promotional interventions

Quality seed production training (QSP)

Weather and climate information services
(weather forecasts, call centers, agro-
advisories, input and output market prices)
Farmer field schools

Studies reporting responses to
climate change

Dar et al. (2020)

Djido et al. (2021)

Guo et al. (2015); Mancini
et al. (2006)

Chowdhury et al. (2015)

Video-mediated learning

Modified planting Multiple cropping practices

activities

Weather and climate information services
(weather forecasts, call centers, agro-

Djido et al. (2021); Nyasimi (2007)

advisories, input and output market prices)

Irrigation and water
management

Water conservation strategies,
irrigation, micro irrigation, water

their modifications as a component of an intervention (Guo
et al, 2015; Mancini, 2006; Nyasimi et al., 2017; Osumba
et al., 2021).

The FFS intervention in Guo et al. (2015) was designed to
address rice farmers' specific challenges in China. The training
curriculum was developed based on the best available scientific
knowledge and local agricultural practices. It covered a wide range of
topics related to rice production, including land preparation, seed
selection, planting techniques, water management, pest and disease
control, nutrient management, and harvesting methods. A team of
agricultural experts, extension workers, and trained facilitators played
a crucial role in implementing the FFS intervention. They facilitated
the training sessions, organized field visits, and provided technical
guidance and support to the participating farmers. The training
sessions were conducted participatory, encouraging active engage-
ment and knowledge sharing among the farmers. The FFS interven-
tion also incorporated hands-on learning activities. The intervention
in the study by Mancini (2006) involved the establishment of IPM FFS
within the cotton-growing regions of Southern India. These schools
served as a platform to disseminate knowledge and practical training
on IPM techniques to cotton growers. The intervention aimed to
address the challenges faced by farmers, such as pesticide overuse,
environmental degradation, and health hazards, by promoting
sustainable pest management practices. Osumba et al. (2021)
focused on establishing FFS that adopted innovative and climate-
resilient agribusiness practices. The FFS sessions were facilitated by
trained agricultural extension officers who acted as mentors and
facilitators. They provided guidance on climate-resilient farming
techniques, such as improved irrigation methods, crop diversification,
soil conservation practices, and the use of weather information for
decision-making. The Farms of the Future (FotF) approach was used
in the study by Nyasimi et al. (2017), which is a participatory and
farmer-centric methodology that focuses on knowledge-sharing,

capacity building, and technology transfer. The intervention involved

Weather and climate information services
(weather forecasts, input and output market
harvesting and improving drainage prices)

Djido et al. (2021); Sharma et al.
(2019); Osumba et al. (2021)

a series of activities designed to engage farmers, extension workers,
and local stakeholders in the process of adopting CSA technologies
and practices.

Sharma et al. (2019) covered the use of participatory action
research by implementing a social marketing campaign focused on
raising awareness, changing attitudes, and promoting behavior change
related to water use in the rural village of Punjab. The campaign
consisted of various components to engage the target population and
encourage them to adopt sustainable water practices. Two studies
included video-mediated training and demonstration for groups and
individuals about botanical pesticide innovation and use (Chowdhury
et al., 2015; Dar et al., 2020). In the study, Chowdhury et al. (2015)
focused on utilizing video-mediated learning to disseminate knowledge
and skills related to botanical pesticide innovation among farmers in
Bangladesh. The study by Dar et al. (2020) was the only study aimed at
intervention incorporating a gender-focused approach, recognizing the
unique challenges and opportunities faced by women in agriculture. It
seeks to promote gender equality by ensuring equal participation and
representation of women in the training sessions. Additionally, the
intervention addresses specific gender-related constraints and provides
tailored solutions to support women farmers in adopting climate-
resilient seeds. The study, Djido et al. (2021) focus on examining the
extent to which weather and climate information services contribute to
the adoption of CSA practices in Ghana. The interventions involved the
provision of weather and climate information services to a selected
group of farmers in Ghana. These services included timely weather
forecasts, climate predictions, and advisory messages tailored to the
specific needs of the farmers. The information was delivered through
various channels, including radio, mobile phones, and community

meetings.

Outcome characteristics
Studies included in this review examined seven outcomes (Table 2);

however, the number of studies reporting the outcome categories is
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TABLE 2

Outcome type

OQutcome type and sub-types included in meta-analysis.
Examples of outcome sub-types included

Knowledge score (pest management), knowledge of helpful
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Studies reporting outcome

Chowdhury et al. (2015), Dar et al. (2020),
Guo et al. (2015), Mancini (2006)

pesticides), and farmers' knowledge and adoption of climate-

Knowledge
practices (pesticide overuse), knowledge of harm (chemical
resilient rice varieties or STRVs

Attitudes Agreement with beneficial practices

Disadoption (harmful practice)

Adoption (favored practice)

Number of sprays during first 40 days and use of pesticide

Adoption of CSA, use of botanical inputs and safe storage of

Chowdhury et al. (2015)
Chowdhury et al. (2015); Mancini (2006)

Chowdhury et al. (2015); Dar et al. (2020);
Mancini (2006)

Guo et al. (2015)

Mancini (2006)

inputs

Management Sustainable farm

Time use Total labor use, labor use for specific tasks (e.g. pesticide,
IPM tasks) and the female share of total work

Yield Kilograms per hectare

limited, with only one study for each of management (Guo et al., 2015),
time use (Mancini, 2006), and yield (Guo et al., 2015; Mancini, 2006).
Among the four studies that evaluated the knowledge gains, three of
them reported changes in farmers' knowledge scores about IPM
(Chowdhury et al, 2015; Guo et al, 2015; Mancini, 2006) and
one investigated farmers' knowledge and adoption of climate-resilient
rice varieties (STRVs) or climate-resilient rice varieties (Dar et al., 2020).
The adoption of IPM and botanical pesticides was investigated in three
studies (Chowdhury et al., 2015; Guo et al., 2015; Mancini, 2006). An
evaluation of the effectiveness of video-mediated learning sessions in
changing the attitudes of smallholder farmers about the use of botanical
pesticides was conducted by Choudhury et al. (2015). Two studies
(Chowdhury et al., 2015; Mancini, 2006) reported the disadoption of
harmful practices, such as pesticide overuse. The impact of the adoption
of CSA practices on time use was examined in one study
(Mancini, 2006), and it found that such adoption did not result in an
increase in the total amount of labor time in the economy but rather
required women to be the ones to do most of the work. The effects on
decision-making and vyield were explained in only one study
(Mancini, 2006).

Subgroup analysis

Four studies provided information about gender differences between
the outcomes. Figures 4 and 5 plot the group differences in the effect
on the knowledge and adoption of CSA practices. The effects varied
between males and females. Males performed better in two out of
three studies, however, the pooled effect was insignificant. As for
adoption practices, the impact of training was consistently higher for

females across all four studies.

6.1.3 | Excluded studies

The exclusions are recorded in the PRISMA diagram above. The
excluded studies, along with their reasons for exclusion, are

Mancini (2006)

presented in Annex A. Common exclusion reasons were that the
study was not an impact evaluation, presented a protocol without
associated results, did not focus on women farmers or did not have
gender-disaggregated data, did not consider CSA promotion inter-
ventions, or used only qualitative data.

6.2 | Risk of bias in included studies

We identified eight impact evaluations assessing the effects of
implementing CSA promotion interventions to enhance women
farmers' agricultural outcomes and resilience in LMICs. Figure 3
presents a summary of the evaluation results of the risk of bias of the
included studies.

Overall, the samples of the included studies had a high risk of bias.
Only two studies had a low risk of bias (Dar et al., 2020; Guo
et al., 2015). Most studies had a high risk of bias (n = 5), and one had a
moderate risk of bias (Mancini, 2006). Selection bias and reporting bias
due to incomplete outcome reporting were the main reasons for this
body of evidence's high overall risk of bias. The two randomized
controlled trials (RCTs) (Guo et al., 2015; Dar et al., 2020) reported
attrition rates of over 20%, indicating a high risk of attrition bias.

Only one study (Djido et al., 2021) attempted to rigorously
address selection bias using endogenous switching regression to
account for endogeneity bias and the effects of unobservable
covariates. All included studies were analyzed based on the farm or
household survey data consistently applied across their treatment
and control groups. The risk of performance bias between the groups
was small.

Most of the studies did not explicitly discuss potential spillover
effects. Furthermore, most studies selected the treatment and
control groups from the same population, not geographically
separated. Some studies had a high risk of bias due to issues about
self-selection into the program and the analysis is based only on

cross-sectional data.
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Another shortcoming is that the evidence base included only two
RCTs, an essential method for addressing this potential source
of bias.

6.3 | Synthesis of results

The meta-analysis results focus on three key outcomes related to
CSA: knowledge and awareness about appropriate CSA approaches,
adoption of proper CSA practices, and disadoption of harmful
practices. The effects on agricultural productivity in the form of
yields and time spent on specific tasks were also examined. All pooled
effects were calculated using random-effects models, as the evidence
was related to different populations at various locations and times.
We also conducted subgroup analysis by gender. Table 3 shows these
categories, which we combined to perform the meta-analysis using
independent estimates. The differences between effect sizes across
outcome types were measured using the [* statistic and the
corresponding p-value.

In the following figures, forest plots are presented for these
outcomes. We examined the overall effects of the interventions on
the desired outcome types.

6.4 | Meta-analysis

6.4.1 | Knowledge

Four studies (Chowdhury et al.,, 2015; Dar et al.,, 2020; Guo
et al.,, 2015; Mancini, 2006) explained the effects of knowledge
dissemination approaches, such as agricultural extension
services and video-mediated farmer-to-farmer learning, on the
knowledge of smallholder farmers, which were measured using
the changes in their knowledge scores. The effect sizes for the
knowledge outcomes are expressed as SMDs; the knowledge
change of farmers receiving knowledge dissemination and
capacity-building interventions was compared with that of
farmers in the non-intervention comparison group. This is

presented here as the changes in the standard deviations of the

| . Low D Unclear . High ” No information

TABLE 3 Summary of findings table.
Outcome Effect Summary

d=0.30 (0.13 to 0.46) Moderate effect based on a
n=4 small number of studies with

Knowledge

?=75% moderate heterogeneity and
Egger's test small publication bias
-3.47

(t=-2.15,p=0.16)

Disadoption d=0.21 (0.08 to 0.50) Small effect based on a small
n=2 number of studies with high
I>=80% heterogeneity and potential
Eggers test publication bias
Too small sample size

Adoption d=0.25 (0.03 to 0.48) Small effect based on a small
n=3 number of studies with high
’=81% heterogeneity and potential

Eggers test publication bias

Too small sample size

outcomes. All four studies showed a positive effect of the
interventions on farmers' knowledge change about helpful CSA
practices. The interventions had a moderate positive effect on
farmers' knowledge of CSA practices (SMD =0.30, CI=0.14 to
0.46, p < 0.01), but the effect varied significantly between studies
(I*=75%) (Figure 4). This difference could be attributed to the
different methods used in each study, such as the intensity of
training, the type of information provided, and the frequency of

follow-up.

6.4.2 | Adoption and disadoption

We examined the impact of interventions that promote the adoption
of CSA practices, such as using climate-resilient seeds and reducing
harmful practices (e.g., pesticide use and number of sprays) (Figure 5).
Chowdhury et al. (2015), Dar et al. (2020), Mancini (2006)
investigated the adoption of these good practices. The effects
reported by the two other studies were small and insignificant
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FIGURE 5 Forest plot of studies reporting adoption of climate-smart agriculture (CSA) practices.

despite being positive, and only one study (Chowdhury et al., 2015)
reported a statistically significant improvement. The interventions
had a small positive effect on farmers' adoption of CSA practices
and indicated heterogeneity. This indicates that the reported
improvement was inconsistent across all studies and that different
factors may have contributed to the variance in the effects. These
factors may include differences in the sample size, the type of
industry, or the level of implementation (SMD =0.25, Cl =0.03 to
0.48, k=3, ’=81%, p < 0.001) (Figure 5).

The results showed that farmers who received targeted
interventions were more likely to adopt CSA practices than those
who did not. This indicates that targeted interventions are an
effective way to promote CSA among farmers.

Mancini (2006) was the only study with a significant positive
effect on reducing harmful practices. However, the pooled effect size
was small and insignificant (SMD=0.21, ClI=0.08 to 0.50, k=2,

=80, p: 0.03).

6.4.3 | Time use

In only one study (Mancini, 2006), the labor time burden was
measured; the author estimated increases in labor time due
to IPM adoption. Compared with farms using pesticides (SMD = 0.04,
Cl =0.18 to 0.26), IPM cotton farms experienced increased labor time
(SMD =0.13, ClI=0.29 to 0.03) after the intervention (Figure 6).
Although there was a difference, it was not statistically significant.
Women's availability could influence the adoption of IPM since the

time burden descended upon women's household members.

6.44 | Attitude

The forest plot indicates that the intervention positively affected
farmers' attitudes (SMD =0.21, CI=0.07 to 0.35) (Figure 7). The
forest plot shows that the difference between the mean attitude of
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FIGURE 7 Forest plot reporting studies on attitude, yield and decision-making.

farmers in the experimental and control groups was statistically
significant. The effects on decision-making and vyield were
insignificant.

Overall, the interventions improved the farmers' understanding
of the CSA principles and practices, changed their attitude towards
CSA and helped them adopt the practices. This is evidenced by the
statistically significant results seen in Table 3. There was an average
effect size of 0.30 for training on knowledge. Comparatively, the
effects of adoption practices and attitude were much lower on
average (0.24 and 0.19, respectively), although they were still
positive and significant on average. Despite the above consensus
on the direction of the effects, the studies presented considerable
heterogeneity in effect size. This indicates that although the
interventions had an overall positive effect, the results were

inconsistent across all studies.
6.4.5 | Subgroup analysis by gender
In Figure 8, the effect on knowledge is plotted by group. The plot

suggests that the interventions had varying effects on knowledge of
CSA practices between males and females, with interventions having

a consistently higher impact on females across all studies. The pooled
effect is marginally higher for women farmers (SMD = 0.30, I? = 95%)
as compared to men farmers (SMD =0.27, I? = 74%), which implies
that, on average, women farmers benefited more from the training
interventions. However, the treatment effect estimates for each
subgroup (males and females) were uncertain due to substantial
heterogeneity (males: 74%; females: 95%).

Figure 9 illustrates a similar model for adoption practices.
Training had a consistently greater effect on women farmers across
all four studies. Interventions had varying effects on the adoption of
CSA practices between women and men farmers, with training having
a marginally higher impact on women farmers (SMD=0.32) as
compared to men farmers (SMD =0.22). However, the high hetero-
geneity indicates that the results are inconsistent across trials, making
the treatment effect estimates uncertain.

Lastly, we obtained gender-disaggregated data for attitude
(Figure 10). The results for both men (SMD=0.20, Cl=0.02 to
0.38) and women (SMD =0.18, CI=0.00 to 0.36) farmers showed
little or no group differences and were insignificant in both studies.

While the existing evidence suggests that the interventions
promoting CSA approaches appear to benefit women farmers more in

terms of knowledge and adoption of CSA practices, the substantial
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FIGURE 9 Subgroup analysis: Adoption of climate-smart agriculture (CSA) practices.

heterogeneity emphasizes the need for cautious interpretation.
Further research is warranted to understand the underlying factors

contributing to these gender differences.

6.4.6 | Publication bias

In addition to the principal limitation of small sample sizes across the
studies under review, further constraints are evident. There is a
notable degree of heterogeneity within the study results, particularly

81%) and disadoption

(I’ =80%) outcomes. A further considerable limitation pertains to

pronounced in the context of adoption (I*=

potential publication bias. Owing to the restricted sample sizes, it was
not feasible to conclusively determine the presence of publication
bias for the majority of the studies. Nevertheless, the knowledge
outcomes do not appear to be subject to publication bias, as there is
no apparent correlation between the effect size and increased
standard error, an indicator that is typically suggestive of bias. This
observation similarly applies to the adoption practices outcomes,
where studies with less precise estimates do not appear to inflate the
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effect magnitude. However, the modesty of sample sizes precludes a
definitive confirmation of publication bias. Moreover, the analysis of
disadoption outcomes is based on a mere two studies, thus
precluding a robust assessment of publication bias for this particular

measure. (Figures 11 and 12).

7 | DISCUSSION
7.1 | Summary of main results

Drawing upon eight experimental and quasi-experimental studies,
this systematic review appraised interventions designed to bolster
resilience via CSA practices among women farmers. A rigorous and
expansive search strategy was employed, encompassing academic
and online databases, citation tracking of pertinent studies, and
consultations with subject matter experts. The analysis computed
effect sizes for a range of outcomes, which included knowledge,
attitudes, disadoption (of detrimental practices), adoption (of favor-
able practices), time utilization, and yield.

Geographically, the studies were distributed: four focused on
South Asia, three on sub-Saharan Africa—Ghana, Kenya, Tanzania,
and Uganda are represented—and one hailing from China, indicative
of the East Asia and Pacific region. In South Asia, the research was
conducted within Bangladesh and India.

The scope of interventions scrutinized within these studies was
confined to methods of knowledge transmission and capacity
enhancement, encompassing social networking, peer learning, utili-
zation of information and communication technologies, both group
and individual training with demonstrations, agricultural extension
services, and variants of farmer field schools. For instance, Mancini
(2006) detailed the formation of IPM FFS in India's cotton belt, aiming
to impart knowledge and hands-on training concerning IPM
techniques. Osumba et al. (2021) centered on the initiation of FFS
that embraced innovative, climate-resilient agribusiness practices.
The “Farms of the Future” approach was employed by Nyasimi et al.
(2017) to foster the uptake of climate-smart agricultural technologies.
Sharma et al. (2019) implemented a social marketing initiative to

advocate for sustainable water use in Punjab, whereas Chowdhury

SMD 95%-Cl

0.18 [0.00; 0.36]

——+—— 0.20 [0.02; 0.38]

T T T T 1

Favours Intervention

et al. (2015) and Dar et al. (2020) leveraged video-mediated training
to propagate knowledge pertaining to botanical pesticide innovations
in Bangladesh. Notably, there was an absence of studies evaluating
other CSA promotion interventions, such as financial instruments
(including credit and subsidies), institutional frameworks (e.g.,
collectivization through cooperatives, contract farming), land titling,
communal infrastructure (e.g., irrigation dams), and community-led
natural resource management. This highlights a significant lacuna and
underscores the necessity for further research and evidence
generation in these domains.

Our review underscores the positive impact of knowledge
dissemination interventions such as FFS and agriculture extension
services on effectively improving farmers' knowledge and adoption of
pest management, climate-resilient rice seed varieties (STRVs), and the
use of botanical pesticides. Specifically, three included studies
(Chowdhury et al., 2015; Guo et al., 2015; Mancini, 2006) found a
positive effect of knowledge dissemination and capacity-building
approaches, including farmer field schools and video-mediated learning
about knowledge and awareness of IPM. One study (Dar et al., 2020)
reported a positive effect on farmers' knowledge and adoption of
climate-resilient rice varieties or STRVs. These studies demonstrate that
the knowledge dissemination and capacity-building approaches effec-
tively increase farmers' knowledge and adoption of IPM. Furthermore,
the study that reported a positive effect suggests that these approaches
effectively increase farmers' knowledge and adoption of climate-
resilient rice varieties or STRVs. The adoption of IPM and botanical
pesticides was studied in three studies (Chowdhury et al., 2015; Guo
et al,, 2015; Mancini, 2006). The paper by Guo et al. (2015) focuses on
immediate changes in farmers' knowledge acquisition after accessing
FFS training. It does not examine the impacts on behavior in the short
term but rather the formation of knowledge for different components of
the integrated technology package. The impact of adopting CSA
practices on the use of time has been reported by one study
(Mancini, 2006). According to the author, such adoption did not
increase total labor time but did result in a more substantial contribution
from women to the labor force.

Our findings align with previous studies. For instance, Smith et al.
(2018) reported similar positive effects of FFS on knowledge transfer.
However, their study also highlighted challenges related to scalability
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and long-term sustainability. Waddington et al. (2014) and van den

Berg et al. (2015)

independently corroborated our results. Their

studies highlighted the effectiveness of FFS in enhancing farmers'

knowledge and promoting the adoption of beneficial practices.

Notably, FFS played a pivotal role in reducing the overuse of

pesticides—a critical concern for sustainable farming practices

worldwide. These findings underscore the global relevance of FFS

as a powerful mechanism for transferring specialist knowledge and
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empowering farmers. Our study echoes the work of Kpadonou et al.
(2017) emphasizing the positive correlation between agricultural
training and technology adoption. As farmers acquire knowledge and
skills through training programs, they are better equipped to embrace
innovative practices. The adoption of climate-resilient technologies,
such as improved seed varieties and pest management techniques,
hinges on effective training strategies.

Interestingly, gender emerged as a nuanced factor in the adoption of
CSA practices. While both men and women benefited from knowledge
dissemination, marginal differences were observed. Women farmers
exhibited slightly higher adoption rates, emphasizing the need for gender-
specific tailoring of interventions. Gender-responsive approaches should
consider social norms, access to resources, and decision-making dynamics
within farming households. Our findings align with those of Johnson and
Lee (2019), who emphasized the role of extension services in promoting
CSA practices among smallholder farmers. Their review echoed our
observation that gender considerations play a crucial role in adoption
outcomes. However, we find no effects on disadoption of harmful
practices such as the overuse of pesticides. Only single studies identified
outcomes of attitude and time use.

The results are heterogeneous and have moderate to high bias
risk. The heterogeneity observed in our review warrants caution.
Variability across studies may stem from contextual differences,
study designs, or implementation fidelity. Additionally, the moderate
to high risk of bias underscores the need for rigorous study designs
and transparent reporting.

In conclusion, while knowledge dissemination through FFS and
extension services holds promise, addressing disadoption challenges
and tailoring interventions to gender-specific needs remain critical for

advancing sustainable agricultural methodologies.

7.1.1 | Quality of evidence

The experimental and quasi-experimental evidence varied in quality,
and the proportions of studies with high and moderate risks of bias
were high (six out of eight studies).

Methodological details were generally reported poorly, which
made it challenging to assess inclusion, assess risks of bias, and
calculate effect sizes. Only two studies were evaluated to be of
high confidence; the six others had a high risk of bias and low
confidence, which indicated methodological limitations. In many
studies, no serious attempts were made to control for confound-
ing through statistical matching or other statistical analysis
methods. Furthermore, in many cases, statistical significance
tests were not conducted. Calculating standardized effect sizes
from some experimental and quasi-experimental studies was
challenging due to the limited nature of reporting. The clear
reporting of outcome data, standard deviations, and sample sizes
for treatment and control groups at the end line in experimental
and quasi-experimental studies will aid in their inclusion in

systematic reviews.
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7.2 | Overall completeness and applicability of
evidence

We found eight experimental and quasi-experimental studies
looking at primary and secondary outcomes. Overall, this repre-
sents limited evidence on interventions promoting climate-smart
interventions. We found as few as two or three studies to provide
results for some outcomes (e.g., attitude, yield, and decision-
making). We found no more than five studies that examine a
common outcome. This is especially important when one considers
the mixed quality of the evidence base and the relatively high
number of high risks of bias experimental and quasi-experimental
studies. Geographically, the studies included are highly concen-
trated in a few countries in sub-Saharan Africa and South Asia. The
studies also focus largely on knowledge dissemination and
capacity-building approaches; there was a lack of studies on
behavior and social change communication or institutional ar-
rangements. Finally, as outlined earlier in the discussion, the
evidence base is minimal regarding geographical coverage, other

types of intervention and equity aspects.

7.3 | Potential biases in the review process

Potential bias may be introduced about the lack of gray literature
included in the review and the absence of non-English literature. The
first limitation is that the absence of literature published in languages
other than English may produce biased estimates of the scope of the
literature, as Arabic, Chinese, Arabic, French, and Portuguese (such as
those in South America and West Africa) may be missed if study
results are not translated or published in English. Bias could also have
been introduced when the research team had different ideas about
relevant interventions and outcomes or understandings of CSA
programming. To address this potential source of bias, all full-text
reviews and coding decisions were made by at least two researchers
on the team to come to a consensus on whether an article should be

included.

8 | AUTHORS' CONCLUSIONS
8.1 | Implications for practice and policy

Despite the methodological and programmatic limitations of this
review, all included studies reported a positive impacts of interven-
tions promoting CSA in improving farmer knowledge and attitude and
helping smallholder farmers adopt better practices.

Decision-makers and practitioners should use the findings to
inform their decision-making processes, focusing on providing
training, technical assistance, and access to information on CSA
approaches to smallhoder men and women farmers.

Knowledge-sharing platforms and FFS can be crucial in
disseminating best practices and facilitating peer-to-peer learning.

c Campbell L WILEY 21 of 26

Collaborahon

8.2 | Implications for research

This review finds a relatively small evidence base of both
experimental and quasi-experimental studies. Many experimental
and quasi-experimental studies had a high risk of bias. Overall, there
is a need for more and better confidence studies to inform policy and
programming.

Studies included in this review are highly concentrated in a few
countries. Research from a wider geographical spread of countries is
needed to ascertain the effectiveness of interventions in different
contexts.

Robust evidence is needed to fill critical research gaps, such as
studies on:

e Evidence is needed to report a broader range of interventions,
such as financial incentives and institutional arrangements, which
are critical in enhancing the adoption of CSA approaches.

e Long-term impacts of adopting CSA approaches to determine how
these interventions can contribute to long-term resilience and
food security are needed.

e Sex-disaggregated data and research evaluating programs expli-
citly targeting women farmers with a focus on how power
relations, food security and inequity differentially impact women

farmers are needed.
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