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1. Introduction

Abstract

Agricultural production is the primary source of income for most smallholder
farmers. Climate change and variability are currently emerging as a major
challenge to agricultural production by smallholder farmers who rely on rain-fed
agriculture on small farms. The overall goal of this seminar paper was to examine
smallholder farmers’ adaptation strategies for increasing crop and livestock
production in the face of changing climatic circumstances. Review existing crop
and livestock production adaptation strategies, adaptation opportunities,
adaptation obstacles, and factors that influence crop and livestock production
adaptation strategies under changing climatic circumstances were the specific
objectives. Smallholder farmers have used a variety of crop and livestock
production adaptation strategies to reduce the impact of climate change and
variability-related hazards. Awareness raising and capacity developments are the
major important adaptation opportunities for reducing the effect of climate
change. Human population growth (large family size), inappropriate land use and
forest policies, strategies, and programs, low institutional capacity of local
bodies, marginalization of local communities, deforestation, overgrazing, soil
erosion, and decline in soil fertility are all factors that make it difficult for
smallholder farmers to adapt to the effects of climate variability and change.
Smallholder farmers’ choice of Adaptation Strategies is influenced by
agro-ecology, access to climate/weather information, gender, education level, and
age of the household head, farm income, non-farm income, credit usage,
extension service, and distance from the market center.
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Agriculture is a vital sector around the world, supporting the livelihoods of the majority of the poor in developing
countries. Climate change is predicted to exacerbate the situation, having a significant influence on crop yields, animal
production, and rural communities’ livelihoods. Climate change and variability are now posing a significant danger to
agriculture, food security, and the livelihoods of millions of smallholder farmers [1]. Because most smallholder farmers
have limited capacity to adapt to climate change due to their low levels of education, low income, restricted land area,
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and limited access to technical help, markets, and loans. Because rain-fed agriculture is so reliant on rainfall, crop and
livestock output is extremely vulnerable to climate change [2]. Crop rotation, the adoption of improved seeds and new
crop varieties, fertilizer treatment, irrigation, mixed cropping, and altering sowing dates are some of the key adaptation
tactics utilized by smallholder farmers [3], using soil and water conservation measures, as well as engaging in non-farm
income activities, changing animal species and breeds, and regulating the time of grazing and reproduction, as well as
employing new and/or adapted forage crops, additional feeds, and concentrates were another adaptation options.
Climate change adaptation necessitates the integration of scientific knowledge with indigenous knowledge and
traditions [4].

While evidence of smallholder farmers’ sensitivity to climate change is growing, and interest in maintaining food
security in the face of climate change is expanding, adaptation efforts are still hampered by a dearth of data on how
smallholder farmers are experiencing and responding to climate change. As a result, this seminar paper examines
smallholder farmers’ climate change adaptation strategies, opportunities and challenges. Specific objectives:-

» To review the existing small holder farmers adaptation strategies to climate change
> To review the small holder farmers adaptation opportunities to climate change

> To review the small holder farmers adaptation challenges to climate change

> To review factors affecting choice of Adaptation Strategies

2. Small Holder Farmers Adaptation Strategies, Opportunities and Challenges to Climate
Change

2.1 Definitions of Concepts and Terminologies

Adaptation is “the ability to respond and adjust to actual or potential impacts of changing conditions in ways that
moderate harm or take advantage of any positive opportunities that the climate may afford” [5].

Adaptation to climate change is the process of adjusting to actual or anticipated climate change and its effects in
order to mitigate harm or capitalize on beneficial opportunities [6].

Adaptation Strategiesmeans understanding what climate we are likely to expriences in the future ,and creating
proactive plans that take advantage of opportunities and prepare for impacts [6].

Adaptation Opportunities: factors that make it easier to plan and implement adaptation actions, that expand
adaptation options,or that provide ancillary co-benefits. These factors enhance the ability of system to retain
productivity or functioning [7].

Adaptation Challenges: factors that make it harder to plan and implement adaptation actions. These constraints
commonly include lack of resources (e.g., funding, technology, or knowledge) [8].

2.2 Adaptation Strategies Used by Smallholder Farmers

2.2.1 Crop Production Adaptation Strategies

(1) Irrigation Agriculture

Climate change is projected to exacerbate existing threats, especially in areas where water scarcity is already a
problem. Agriculture necessitates the use of water, which is becoming increasingly limited. Water conservation has
been highlighted in climate change and variability adaptation plans to avoid the destructive effects of drought [9].
Irrigation was a potential option for improving agricultural productivity in areas with low rainfall, severe drought, or a
dry spell. Farmers’ dugouts, dams, and wells for irrigation near their farms or residences could aid with vegetable
planting, boosting farm yields [10]. Irrigation was used as a way to enable farmers develop crops without worrying
about rain. It is thought to be a good way to improve farmers' access to water and thus their productivity [1]. Irrigation
improves agricultural production and stabilizes farmer incomes, but it has depleted groundwater resources due to
overexploitation.

(2) Crop diversification

Crop diversification is the practice of cultivating more than one crop varietys belonging to the same or different
species in a given area in the form of rotations and or intercropping [11]. Farmers used crop diversification (mixed
cropping, intercropping and dividing farm lands into varying crops) as an adaptation strategy to reduce the adverse
effect of climate change [12]. Crop diversity is a method for making the most use of land, water, and other resources
while minimizing risk and uncertainty associated with climatic and weather fluctuation [13]. Farmers who conducted
various farming operations (vegetables, fruits, animal production, crops, food processing enterprises, etc.) are believed
to be less vulnerable to climate change according to Kassem et al. [14]. Similarly, Lalego et al. [15] discovered that
mixed cropping is one of the most effective adaptation techniques farmers utilize to deal with the effects of climate
change and variability on crop productivity. Diversifying crops have a variety of responses to climatic shocks, pests,
and diseases, many of which are favorable [16].
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(3) Soil Fertilizer

Climate change can cause land degradation in locations with a lot of rain [17]. Smallholder farmers’ production and
productivity are dropping as a result of land degradation caused by climate change [12]. Basic ecosystem activities,
such as water infiltration and water cycle management, are no longer performed by degraded ecosystems [18]. A
majority of smallholders recognized chemical fertilizer use as an adaptive method [1]. Smallholder farmers have used
various inorganic fertilizers and local soil fertility management strategies by adding organic fertilizers such as manure
or compost to prevent soil erosion effects and boost crop productivity. In the homestead farming practices, mostly
organic fertilizer was used.

(4) Soil and water conservation practices

Most farmers with farm plots with steep slopes in humid, high altitude, and hilly areas are exposed to moving water
caused by recurrent flooding, which erodes the valuable top layer of soil containing essential soil nutrients for crop
production [19]. Smallholder farmers have substantial challenges due to declining soil fertility as a result of climate
change and other causes (e.g., soil erosion) [20]. Soil and water conservation techniques reduce soil loss from farmers’
plots, preserving critical nutrients and increasing crop yields [13]. They also benefit neighbors and downstream water
users by reducing flooding, improving biodiversity, and reducing sedimentation in waterways. Furthermore, precipita-
tion rapidly penetrates the soil complex because soil organic matter improves soil structure, and infiltration rates typi-
cally surpass rainfall rates [18]. According to Vicente and Gao-Lin [21], proper utilization of soil and water resources is
required to ensure and enhance human and environmental well-being in the future. Soil and water conservation practic-
es, according to Jiang et al. [22], considerably reduced runoff and sediment output in the watershed.

(5) Improved seeds

Drought-resistant crop varieties, short maturing and high yielding crop varieties are among the adaptation options
used by smallholder farmers across the agro-ecology to both perceived changes in temperature and precipitation, and
some crops and crop varieties have been discontinued [23, 24]. By increasing crop output, improved seeds could help to
increase food security. Improved varieties or breeds strategies, according to John et al. [20], increase the resilience of
smallholder farmer crops to climatic shocks. Improved potato cultivars, according to Sisay Diriba et al. [25], are vital
for increasing production and addressing the challenge of food security. New crop varieties may be adopted merely to
boost crop productivity and household income. Important adaptation options include the use of new cultivars of estab-
lished crop species [26].

2.2.2 Livestock production adaptation strategies

Smallholder farmers’ livestock-based climate change adaptation tactics include changing animal kinds and breeds,
providing appropriate water, producing pasture, changing pasture rotation, and regulating grazing and reproductive
times. Furthermore, agricultural adaptation alternatives include the use of different and/or adapted forage crops,
supplementary feeds, and concentrates. Another adaptation option is to combine animal and cropping systems, which
diversifies the farm and so boosts the farmers’ adaptive potential. Because some animal species and breeds are better
suited to heat stress than others, changing the animal species or breed can be an effective adaptation option [4].

(1) Production adjustments

Changes in livestock practices could include: (i) Diversification, intensification, and/or integration of pasture
management, livestock, and crop production; (ii) changing the timing of operations; (iii) nature and ecosystem
conservation; (iv) modifying stock routings and distances; (v) introducing mixed livestock farming systems, such as
stall-fed systems and pasture grazing [27]. Another adaptation strategy used by smallholder farmers is the use of emer-
gency fodder during droughts, the multi-species makeup of herds to survive climate extremes, and the culling of weak
animals for food during droughts.

(2) Breeding strategies

Many of the local breeds have already adapted to the tough environment. Developing countries, on the other hand,
are often characterized by a lack of technology in livestock breeding and agricultural programs, which could otherwise
aid in faster adaptation. Adaptation tactics address livestock’s ability to survive, thrive, and reproduce in a variety of
situations, including low nutrition, parasites, and diseases [27]. Such measures could include: (i) identifying and
strengthening local breeds that have adapted to local climatic stress and feed sources; and (ii) improving local genetics
through cross-breeding with heat and disease tolerant breeds. If climate change outpaces natural selection, the new
breed’s chances of survival and adaptation are jeopardized.

(3) Livestock management systems

For the rural poor who cannot afford expensive adaptation technologies, efficient and economical adaptation
techniques must be created [27]. These could include (i) provision of shade and water to reduce heat stress from
increased temperature. Given current high energy prices, providing natural (low cost) shade instead of high cost air
conditioning is more suitable for rural poor producers; (ii) reduction of livestock numbers—a lower number of more
productive animals leads to more efficient production and lower emissions from livestock production; (iii) changes in
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livestock/herd composition (selection of large animals rather than small); (iv) improved management of water resources
through the introduction of simple techniques for localized irrigation (e.g., drip and sprinkler irrigation), accompanied
by infrastructure to harvest and store rainwater, such as tanks connected to the roofs of houses and small surface and
underground dams.

(4) Capacity building for livestock keepers, market responses, institutional and policy changes and science and
technology development

The capacity of livestock farmers and herders to understand and deal with climate change must be improved, as well
as their awareness of global developments. Furthermore, training in agro-ecological technologies and practices for
fodder production and conservation enhances animal feed supplies and reduces malnutrition and mortality in herds. The
farm market could be improved by promoting interregional trade and credit schemes, for example. Subsidies, insurance
systems, income diversification techniques, and livestock early warning systems as well as other forecasting and
crisis-preparedness systems—could all help with adaptation efforts. Long-term adaptation efforts would be aided by
gaining a better understanding of the effects of climate change on livestock, establishing new breeds and genetic kinds,
increasing animal health, and improving water and soil management [27].

2.2.3 Other adaptation strategies

(1) Labour migration

Mobility can serve as a means of escaping environmental dangers, hence migration is another adaptive strategy to
climate change. Temporary or permanent migration might take place within a country or across countries. It may
present opportunities, but it may also present obstacles. Individual migration can help people diversify their income, and
if money is transferred back to the village, it can help the entire community. Migration to other climate-vulnerable areas
or areas already under population strain, on the other hand, presents obstacles rather than opportunities [27]. In many
locations, temporary migration as an adaptive response to climate stress is already evident. The ability to move, on the
other hand, is a function of mobility and resources (both financial and social).

(2) Income diversification

According to Gautam and Andersen [28], one of the most important qualities of rural livelihoods is livelihood
diversification. Household diversification occurs for one of two reasons: a push force or a pull factor (rvival-led and
opportunity-led diversification). The pull factors are usually favorable (opportunity-driven) elements that cause farm
households to vary their farming or cropping practices, whereas the push factors are hard situations that force farm
households to diversify their occupations off the farm (survival-driven led). Non-farm diversification techniques are
aimed at delivering labor to both wage employment and own firms, while on-farm diversification strategies attempt to
increase production and reduce the chance of crop failure [29]. Off-farm income that creates chances for long-term
adaptation techniques to climatic unpredictability and change, particularly in rural areas. If one source of income is
destroyed, there are still other sources of income available, allowing people and communities to adapt better during
disasters and thereby become more resilient [27].

2.3 Smallholder farmers’ adaptation opportunities to climate change

2.3.1 Enabling Conditions for Adaptation

Adaptation opportunities are enabling elements that improve actors’ ability to plan and conduct actions to meet their
adaptation goal(s) or promote natural systems’ adaptive responses to climate risk. As a result, an opportunity differs
from an adaptation option, which is a specific method of attaining an adaptation goal (such as developing an early
warning system to reduce vulnerability to tropical cyclones) or a plan for ecological system conservation. Adaptation
opportunities range from raising awareness of climate change, its repercussions, and the possible costs and advantages
of adaptation alternatives to enacting particular policies that create favorable conditions for adaptation implementation
[30]. According to Lieske et al. [31], Newton [32], key adaptation opportunities, each represented by multiple
illustrative examples were reviewed below:

(1) Awareness rising: Positive stakeholder engagement, communication of risk and uncertaintyand participatory
research; (11) Capacity-building: research, data, education, and training, extensions services for agriculture, resource
provision, development of human capital and development of social capital; (111) Tools: risk analysis, vulnerability
assessment, multi-criteria analysis, cost/benefit analysis, decision support systems, and early warning systems; (1V)
Policy: integrated resource and infrastructure planning, spatial planning and design/planning standards; (V) Learning:
experience with climate vulnerability and disaster risk, learning-by-doing, and monitoring and evaluation;
(V1) Innovation: technological change, infrastructure efficiencies, and digital/mobile telecommunications.

2.3.2 Ancillary Benefits of Adaptation (Adaptation’s Additional Benefits)
Some adaptation measures may provide ancillary advantages (or co-benefits) in addition to their direct benefits in
terms of lowering climate change susceptibility. Two key implications for adaptation planning and implementation arise
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from the possibility for ancillary benefits. First, taking them into account may lead to a more favorable appraisal of the
cost-effectiveness of a certain adaptation option. Second, taking into account the ancillary benefits of adaptation may
make it easier to integrate it into existing management and decision-making processes [30].

2.4 Challenges of Climate Change Adaptation Strategies

According to Tilahun et al. [33], factors challenging the ability of smallholder farmer’s to adapt to the impacts of
climate variability and change include: human population growth (large family size), inappropriate land use and forest
policies, strategies and programs, low institutional capacity of local bodies, marginalization of local communities in
decision-making concerning their natural resources conservation and utilization, deforestation, overgrazing, soil erosion
and decline in soil fertility, limited access to land (the average landholding size per household is less than 1ha), poor
access to planting materials (improved crop seeds, tree seeds and seedlings), lack of data and information on climate
change and its impacts.

Smallholder farmer’s adaptation to climate change is very much challenged by outbreak of (crop, livestock, human)
pests and diseases, limited access to extension services, limited water supply, limited access to health services, limited
access to education, training and limited infrastructure (schools, roads, electricity, telephone, potable water reservoirs,
irrigation dams), limited access to new skills and technologies, conflicts over scarce resources (grazing lands, water
points), poor access to markets and financial resources and services (funding, credits), inappropriate development
interventions (e.g., villagization/resettlement), disruption of traditional social networks and transformation to new social
relationships, poverty (low income), insecure land tenure and gender inequalities [33, 34].

2.5 Factors affecting choice of Adaptation Strategies

2.5.1 Agro-ecology

Because of variances in climatic conditions, soil, and other elements, different farmers in different agro-ecological
contexts adopt different adaptation methods [35 and 36]. Farmers in the highlands and mid-highlands are more likely
than farmers in the lowlands to choose different crops and plant diverse crop varieties, according to Wondimagegn and
Lemma [3].

2.5.2 Access to climate/weather information

Farmers who are aware of changing climatic circumstances are more likely to take adaptive strategies to mitigate the
effects of climate change and variable hazards [13, 37]. Farmers may be able to change their short-term and day-to-day
crop and animal management decisions, such as watering crops, harvesting, fertilizing, and livestock diseases, based on
daily or weekly weather projections, according to Abid M. et al. [38]. Kinuthia et al. [39] found that farmers who got
weather information were more likely to modify planting dates and perform some irrigation as adaptation techniques.
Farmers that have more access to climatic information are more motivated to embrace improved crop and livestock
types rather than native kinds, according to this study by Frehiwot Assefa [23] and Soglo and Nonvide [40].

2.5.3 Sex of household head

At the farm level, the sex of the household head is a significant factor influencing adaptation decisions. Male-headed
households had more chances to put adaptation strategies into effect than female-headed households [34]. According to
Wondimagegn and Lemma [3], as stated in Alemayehu [41], addressing women organizations and associations can have
a considerable positive impact on enhancing smallholder farmers’ adoption of adaption methods. According to
Ubisi et al. [42], men smallholder farmers adapted better than female farmers by using crop diversification.

2.5.4 Education level of the household head

Smallholder farmers who are educated have better access to information, can understand and analyze the situation
more easily than those who are not [43, 44, 14]. Farmers with a higher educational attainment are more likely to adopt
intercropping to prevent severe climate change consequences, according to Sisay Diriba et al. [25]. Seid Sani et al. [12]
and Dembele et al. [45] observed that the literacy status of the household head affects the usage of crop and livestock
diversification as adaptation techniques in a significant and favorable way.

2.5.5 Age of household head

Farmers with more experience may have a better understanding of the effects of climate change and unpredictability
on crop and livestock output, as well as how to adopt adaptation techniques [15]. Older farmers, on the other hand, were
more hesitant to incorporate technology improvements into their farming techniques [34, 44]. According to Piya et al.
[13], household heads with a higher age and education are less likely to rely on traditional coping mechanisms and are
more likely to adopt enhanced adaption practices. The age of the household head is adversely connected with irrigation
use, according to Al-Amin et al. [46].
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2.5.6 Farm income

Farm revenue availability, according to Alemayehu [41], improves farmers’ financial condition, allowing them to
acquire farm inputs such as improved seeds. Farmers with higher earnings have access to important productive
resources such as farm assets, inputs, and land, resulting in increased crop and livestock production [45]. Farmers with
more money are more likely to adopt climate change measures, according to Ashraf et al. [47, 44]. Adoption tactics are
more likely to be adopted as one’s income rises. Farm income has a favorable and considerable impact on the usage of
enhanced crop and livestock varieties as an adaptation strategy, according to Tarfa et al. [48].

2.5.7 Non-farm income

Smallholder farmers’ practice other activities, in addition to farming, such as wage labor, making handcrafts [42]
guard in the nearby organization (include cooperative association and school), being laborer force in the nearby
community, petty trading for income generation. Off-farm activities play a critical role in lowering farm household
vulnerability to climate change, but only a small percentage of farmers participate in such activities [23, 49]. This
indicates that having off-farm income helps a farmer’s financial situation, allowing them to buy farm inputs like
improved seeds, breeds, and other supplies for crop and livestock output.

2.5.8 Credit used

Credit availability is critical in the adaptation to climate change process [40]. Farmers’ financial resources and
capacity to meet affordable transaction expenses linked with the different adaption options they might choose to take
rose as a result of access to credit [50]. Access to financing is one of the most important elements in farm households’
crop and animal diversification decisions, according to Hailu Elias [51] and Tarfa et al. [48].

2.5.9 Extension service

The availability of extension services aided in the implementation of climate change adaption methods [52]. To
reduce the effects of climate change and enhance crop production and livestock product, it is vital to raise awareness
and understanding about the best climate change adaptation options [15]. To put it another way, farmers who have more
access to agricultural knowledge and technical help are more conscious of the effects of climate change [38]. Access to
extension services was substantial and positive for perceiving fertilizer application, mixed cropping, irrigation, and
animal diversification as adaptive strategies, according to Guodaar, L. et al. [1].

2.5.10 Distance from the market center

Because the market acts as a means of exchanging knowledge with other farmers, proximity to the market is a
significant determinant factor in the employment of adaptation strategies [43]. According to Piya et al. [13], households
in remote areas are constrained by a lack of information, a lack of access to markets to sell their products, a lack of
off-farm employment opportunities, and a lack of service from development agencies, resulting in less dissemination of
information about improved agricultural practices.

3. Conclusion and Reccomendations

The most pronounced effects of climate change and variability were decline in soil fertility, erratic rainfall, crop dis-
eases and pests, reduce crop yield and change in livelihood. Important crop production adaptation options being used by
smallholder farmers in response to adverse effects of climate change include crop diversification, use of soil fertilizer,
planting of drought resistant varieties of crops, change in cropping pattern and calendar of planting, mixed cropping,
use of irrigation/improved irrigation efficiency, adopting soil conservation measures that conserve soil moisture, plant-
ing of trees and use of improved seeds.

Smallholder farmers livestock based adaptation strategies to climate change includes diversification, intensification
and/or integration of pasture management, livestock and crop production, altering the timing of operations, conservation
of nature and ecosystems, introducing mixed livestock farming systems, identifying and strengthening local breeds that
have adapted to local climatic stress and feed sources and, improving local genetics through cross-breeding with heat and
disease tolerant breeds. Major Smallholder farmers challenge to adapt climate change which includes lack of technical
knowledge about adaptation strategies, lack of irrigation water, lack of money to finance their adaptation strategies, lack
of climate and weather information, lack of improved seeds that adapts the environment, shortage of labor and shortage
of land. Agro-ecology, access to climate information, sex, educational level, age, farm income, non-farm income, credit
used, extension service and distance to market have significant impact on adaptation to climate change.

Finally, given the diversity of smallholder farmer contexts and climate change experiences, it will be critical to de-
velop flexible adaptation strategies that can be customized to unique farming situations and climatic challenges. De-
signing and implementing adaptation methods that increase smallholder farmers’ resistance to climate change will be
difficult, but important if the government is to fulfill its goals of poverty reduction, food security, and economic devel-
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opment. However, in order to construct more effective climate change adaptation strategies, the government must give
necessary resources such as money, new technology, knowledge, and extension services.
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