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Land degradation is a major problem in Ethiopia, as it contributes to climate change 
by releasing greenhouse gases (GHG) and slowing carbon sequestration rates. The 
objective of this review was to assess the role of conservation agriculture (CA) in 
climate change adaptation and mitigation in Ethiopia. The critical review method 
processes for identifying and synthesizing peer-reviewed research and review 
articles, reports, proceedings, and book chapters were followed, with materials 
obtained from relevant search engines. The findings of the various reports revealed 
that minimum tillage assists in soil moisture conservation when compared to 
conventional tillage. Conservation tillage maintains crop residue, reduces soil 
temperature significantly, and increases nutrient buildup in the surface soil layer, 
all of which lead to higher crop growth and production thus help as adaptation 
to climate change. Furthermore, agriculture and other land uses significantly 
contribute to greenhouse gas emissions; nevertheless, conservation agricultural 
methods improve soil organic carbon (SOC), soil aggregation, and carbon in 
aggregate, as well as soil health that contribute to climate changing mitigation. 
Several studies found that soil health indicators such as soil aggregation, soil organic 
carbon storage, soil enzymes, and microbial biomass improved under conservation 
tillage practices, potentially improving the carbon-nitrogen cycle, soil stability, and 
overall crop productivity. In terms of climate adaptation and mitigation, CA is one 
of the non-substitutable choices for reducing greenhouse gas emissions. Crop 
diversity, increased nitrogen consumption efficiency, crop rotation, improved soil 
carbon sequestration methods; crop residue retention, minimum soil disturbance, 
manure incorporation, and integrated farming systems are all important factors 
in minimizing GHG emissions. Moreover, factors impeding CA adoption include a 
lack of appropriate equipment and machinery, weed control methods, the use of 
crop residue for fuel wood and animal feed, a lack of awareness about the benefits 
of CA on soil health and sustainability, and a lack of government technical and 
financial support for smallholder farmers. Adoption and scaling up of CA practices 
are critical for ensuring a sustainable development goal and resilient future. Thus, 
relevant stakeholders should consider the aforementioned considerations while 
promoting the technology on a large scale through integration with enhanced 
technology.
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Introduction

Land degradation occurs when soils lose their productive capacity 
over time due to interconnected processes such as decreased 
vegetation cover and biodiversity, erosion, and nutrient loss (Grinand 
et al., 2019). Globally, land degradation affects around 30% of land 
area, threatening billions of people who live in degraded areas 
(Nkonya et al., 2016). Although information on land degradation in 
sub-Saharan Africa (SSA) is sparse, data from various researches 
undertaken in SSA at broad regional and temporal dimensions 
revealed clear evidence of soil degradation (Tully et al., 2015). Further, 
land degradation is a major issue in Ethiopia, particularly in highland 
areas that occupy over half of the country. The Highland area has the 
majority of the people (90%), livestock (60%), and approximately 90% 
of the land suitable for cultivation. Soil erosion has been severe 
throughout the Highlands, mostly in cultivated areas, posing 
significant challenges to food security (Hurni et  al., 2010). 
Furthermore, around 41.9 tons per hectare of organic carbon 
accumulates in the soil, with the bulk found in the highland areas of 
smallholder farms (Shumete, 2015). Gebreselassie et  al. (2016) 
revealed that more than 85% of land area degraded to varying degrees, 
and roughly 23% of land degradation hot spot areas were assessed 
using satellite imagery over the last three decades.

Land degradation contributes to climate change by emitting 
greenhouse gases (GHG) and decreasing carbon sequestration rates. 
Climate change also exacerbates the severity and extent of existing 
land degradation processes, creating a conducive environment for 
novel degradation patterns. Land degradation have a substantial 
impact on the exchange of water, energy, GHGs, non-GHGs, and 
aerosols in the atmosphere (Jia et al., 2019; Olsson et al., 2019). As a 
result, the effects of land degradation and climate change are 
inextricably linked; hence, efforts to restore degraded land and avoid 
further exposure to the degradation process are critical in climate 
change mitigation efforts. Land degradation is the primary cause of 
Ethiopia’s deteriorating agricultural production, food insecurity, rural 
poverty, and other economic and social implications. The country’s 
minimum yearly cost of land degradation ranges between 2 and 3 
percent of agricultural growth and growth domestic product (GDP). 
This is a huge loss for the agricultural sector, which accounts for about 
half of GDP, 90% of export revenue, and provides a living for more 
than 85% of the country’s people (Shumete, 2015).

Several studies have reported that the major factors that cause 
land degradation in Ethiopia are expansion of agriculture, repeated 
cultivation, removal of residuals and dungs, single cropping rather 
than intercropping, extraction of wood, expansion of infrastructure, 
rainfall variability, increasing rate of population growth, deforestation 
activities, soil and water erosion, cultivation on steep slopes, 
overgrazing, traditional way of cultivation, heavy wind, high intensity 
of rainfall, drought and landslides, absence of all-inclusive land use 
and lack of land use plans developed, inadequate extension services, 
political instability, rapid population growth, significant soil erosion, 
overgrazing, insufficient vegetative cover, uneven crop production on 
steep slopes, erosive rainfall patterns, a lack of fallowing, and 
insufficient conservation measures and additionally topography, soil 
factor, and agro-ecological factor of the area (Temesgen et al., 2014; 
Megerssa and Bekere, 2019; Muke, 2019; Tadesse and Hailu, 2024). 
Thus, the issue of land degradation has to be addressed by addressing 
its local causes. Identifying household behavior about land 

management, policy, and institutional elements that influence 
decisions is critical (Gebreselassie et al., 2016). The most essential 
choices for land degradation control include proper tillage, agricultural 
residue management, crop rotations, agroforestry, and the use of both 
organic and inorganic fertilizers, liming, and cover crops 
(Gedamu, 2020).

Agriculture contributed little to the expansion of the industrial or 
service sectors between 1978 and 1998. However, since 1989, its 
contribution to manufacturing sector growth has continuously 
expanded (Alemu et al., 2003). However, in recent years, Ethiopia’s 
agriculture sector has dominated the expansion of all other sectors as 
well as the national economy. Agriculture contributed significantly to 
the country’s GDP growth. This sector was responsible for more than 
half of the real GDP growth rate. The data suggested that there was a 
fundamental break in economic growth in 2004, followed by greater 
and more consistent growth (Dube et al., 2019). Ethiopian agriculture 
is distinguished by traditional farming practices, low production, and 
productivity (Yigezu Wendimu, 2021). These factors contribute to the 
decline in vegetation cover caused by increased farming on steep 
slopes, which degraded and depleted soils in the region, making soil 
degradation a widespread environmental issue. Inappropriate farming 
methods account for 28% of soil degradation (Mesene, 2017; Tadesse 
and Hailu, 2024). To address the aforementioned issues, the Ethiopian 
government is now launching a green legacy effort, assessing the 
potential of the country’s agroecologies and designing and 
implementing various measures to boost agricultural production 
and productivity.

Ethiopia has been experiencing both climate variability and 
change. Evidence indicates that the country’s mean annual 
temperature has risen by approximately 1.3°C since 1960, at an 
average pace of 0.28°C per decade, and that spatial and temporal 
rainfall variability has increased (Zegeye, 2018; Gemeda et al., 2021). 
Climate change has an impact on agricultural productivity and 
production by shortening maturity periods and decreasing crop 
yields, changing livestock feed availability, affecting animal health, 
growth and reproduction, lowering crop quality and quantity, 
changing distribution rates, and expanding desertification, among 
other things (Singh, 2019). The study examined scenarios of 
agricultural productivity change caused by climate change up to 2050. 
At the national level, the simulation results indicate that crop 
production will be significantly affected over the next four decades, 
with the severity increasing with time. By 2050, teff, maize, and 
sorghum production will be down by 25.4, 21.8, and 25.2 percent, 
respectively, compared to the baseline periods. Climate change will 
also result in a loss of 31.1% of agricultural GDP at factor cost by 2050. 
The country should begin mainstreaming adaption measures in order 
to maintain overall economic performance (Solomon et al., 2021). 
Thus, Ethiopian farmers use several coping measures, including 
afforestation, reforestation, crop rotation, mixed cropping, soil and 
water conservation, agroforestry practices, integrated soil fertility 
management, small-scale irrigation, the application of improved crop 
varieties, the use of improved livestock, mixed cropping, early and late 
planting, and the practice of income-generating activities (Megerssa 
and Bekere, 2019; Sinore and Wang, 2024).

Promoting climate-smart agricultural techniques, such as 
conservation agriculture, is critical in combating land degradation. 
Conservation agriculture is a farming technique that encourages 
minimal soil disturbance, the preservation of permanent soil cover, and 
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plant species diversity. It encompasses practices such as zero tillage, 
crop rotation, and intercropping. Conservation agriculture improves 
crop yield by lowering temperatures, conserving soil moisture, 
boosting key soil nutrients in a sustainable manner, and raising net 
farm revenue (Zalalem, 2021; Gebirehiwot and Kibkab, 2022; Kolapo 
and Kolapo, 2023). Crop diversification and rotation, crop residue 
retention, and minimal soil disturbance are examples of conservation 
agricultural methods that can help reduce greenhouse gas emissions 
(Saha et al., 2022). Thus, it is regarded as a viable solution to climate 
change adaptation and mitigation in Ethiopia. Thus, the main objective 
of this review was to assess the potential of conservation agriculture for 
climate change adaptation and mitigation in Ethiopia.

Materials and methods

We used a procedural method for our review, which included 
locating relevant literature and synthesizing peer-reviewed research 
and review articles, reports, conferences, and book chapters. The 
required materials were searched utilizing search engines such as 
Google, Google Scholar, Research Gate, and the most commonly used 
journal websites as primary data sources. More than 309 pdf files were 
downloaded, and relevant materials were checked and included in 
the review.

The search criteria includes material published in reputable 
publications recently (from 2001 to 2024), as well as studies 
undertaken on conservation agriculture in general, with a focus on 
Ethiopia. The search focused on keywords linked to the land 
degradation problem; land management methods, Climate smart 
agriculture (CSA) practices, and conservation agriculture’s potential 
for climate change mitigation and adaptation. The literature was 
searched using the following keywords: ‘Land degradation in Ethiopia’, 
‘climate smart agriculture in Ethiopia’, ‘impact of conservation 
agriculture on soil organic carbon’, and ‘climate change adaptation 
in Ethiopia.

Following the literature search, the findings from various 
databases were reviewed using the criteria. The literature published 
prior to 2001 was deleted. Duplicated manuscripts were also excluded 
from the review. The inclusion and exclusion criteria were devised to 
meet the study’s aims, which were primarily concerned with the 
potential of conservation agriculture for climate change adaptation in 
Ethiopia. This study used study characteristics as well as report 
characteristics for inclusion and exclusion. Some examples of study 
characteristics employed in this study are inclusion and exclusion 
criteria relating to the study region, the outcome of the finding, and 
the context. Report characteristics include the year of publication and 
the type of report, which might be full-length research articles, meta-
analyses, book chapters, or reports.

Results and discussion

Potential of conservation agriculture on 
climate change adaptation and mitigation

Some of the reported prevalent concerns include degradation of 
vegetation cover, loss of biodiversity, soil erosion, declining organic 
matter, reduced precipitation infiltration and water-holding capacity 

of the soil, loss of productivity, and impact on broader ecological 
processes (Zalalem, 2021). Conventional tillage has exacerbated the 
current global warming crisis, which is connected to greenhouse gas 
emissions. Furthermore, conventional tillage and agricultural residue 
burning could deteriorate the soil resource base and accelerate soil 
degradation, resulting in a reduction in crop production potential 
(Saha et al., 2022). Thus, to reduce the impact of climate change on 
smallholder and medium farmers, it is essential to identify and 
promote the influence of climate-smart agriculture on climate change 
adaptation and mitigation.

Role of conservation agriculture for 
climate change adaptation

Soil moisture conservation
Conservation agriculture (CA) is a farming practice that promotes 

natural ecological processes in order to boost agricultural yields and 
sustainability by reducing soil disturbance, preserving permanent soil 
cover, and diversifying crop rotations (Milder et al., 2011). Minimum 
tillage assists to conserve soil moisture through enhancing infiltration 
and reducing runoff (Kassie et al., 2011; Petito et al., 2022). When 
compared to conventional tillage, conservation tillage retains crop 
residue, significantly lowers soil temperature, and enhances nutrient 
accumulation in the surface soil layer, resulting in increased crop 
growth and production. Thus, in Ethiopia, where soil moisture is a 
challenge, conservation agriculture can improve soil moisture status 
and enhance crop resilience to moisture stress (Abera et al., 2020). 
Conservation tillage reduces the soil disturbance and soil moisture 
evaporation. Crop residue application on the other hand helps to 
increase the soil moisture and soil nutrients that returned back from 
added crop residue (Lejissa et al., 2022).

Soil conservation
Soil degradation due to soil erosion is a very serious problem of 

environmental damage. The process of soil degradation of the Ethiopia 
is very fast. The average annual rate of soil loss is estimated to be 12 
tons/ha/yr., and it can extremely exceed this on steep slopes with soil 
loss rates greater than 300 tons/ha/year, where vegetation is removed 
(Gashaw, 2015; Djillo et al., 2024). Soil loss in cropland is very highly 
severe, which clearly shows that cropland should be prioritized to 
carry out land management practices such as minimum or zero tillage, 
intercropping, mulching, and planting crops or grasses along contour 
ridges, and use of manure/compost on to cropland land (Adugna 
et al., 2015). Conservation tillage decreases runoff and retains water 
in the soil after soil organisms loosen it by decomposing organic 
matter. It greatly reduces erosion, improves the soil structure and 
conserves organic matter in the soil (Hurni et al., 2016). According to 
Araya et  al. (2011), plot under conservation tillage showed lower 
average soil losses and runoff as compared to others plot.

Improve climate resilience
Conservation agriculture has been widely promoted as a method 

for smallholder farmers in Sub-Saharan Africa to boost yields while 
also making them more resilient to changing climate conditions 
(Michler et  al., 2019). CA fosters climate resilience by improving 
agricultural systems’ ability to cope with climate-related shocks such 
as droughts, floods, and temperature extremes. By retaining soil cover 
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and organic matter, CA helps crops withstand harsh weather 
conditions. To create resilient agricultural and food systems, good soil 
health, fertility, and water management are critical for determining 
food production quantity and quality. Soils are currently unable to 
produce to their full potential due to severe degradation, deforestation, 
crop residue trade-offs for livestock production, and rising 
temperatures. As a result, concerns about how to improve soil fertility 
and water retention capacity to increase production sustainably are 
advocated (Ogola, 2021).

Adaptation mechanisms farmers practiced
The analysis of diverse meanings of important adaption 

terminology and ideas shows that definitions varied between 
institutions and stakeholder groups (Levina and Tirpak, 2006). 
Adaptation is an adjustment in natural or human systems in response 
to actual or anticipated climatic stimuli or their consequences that 
reduces harm or maximizes benefits. Several types of adaptation exist, 
including anticipatory and reactive adaptation, private and public 
adaptation, and autonomous and planned adaptation (IPCC, 2001).

Farmers use various adaptation strategies to adapt to adverse 
climate change based on their agro-ecologies, such as improved crop 
and livestock varieties, tree planting, soil conservation, livestock 
mobility, drought-tolerant species, crop diversification, planting date 
adjustment, small-scale irrigation, agronomic practice, livelihood 
diversification (value add and non-farm activities), and integrating 
livestock with crop production (Demem, 2023). The study’s findings 
show that the adoption of Climate Smart Agriculture (CSA) methods 
differs greatly between farmers and agro-ecology (Erekalo and 
Yadda, 2023).

Farmers use different adaption strategies such as better livestock 
management, fertilizer application, planting short-season crops, 
introducing new grass species, early sowing, and diversifying 
livelihoods (Feliciano et al., 2022). Climate smart agriculture based 
climate change adaptation strategies improve sustainable crop 
productivity by lowering temperatures, conserving soil moisture, and 
enhancing vital soil nutrients. Conservation agriculture boosts grain 
production by improving soil health and enhancing sustainable crop 
production by lowering temperatures, conserving soil moisture, and 
increasing key soil nutrients over time (Gebirehiwot and 
Kibkab, 2022).

Role of conservation agriculture for 
climate change mitigation

Soil organic carbon and soil health improvement
According to the Food and Agricultural Organization (FAO), 

“Soil management is sustainable if the supporting, provisioning, 
regulating, and cultural services provided by soil are maintained or 
enhanced without significantly impairing either the soil functions 
that enable those services or biodiversity” (FAO, 2017). Agriculture 
and different land use contribute considerably to greenhouse gas 
emissions. Mbow et al. (2019) estimate that crop and animal activities 
within the farm gate provide 9–14% and land use changes contribute 
5–14%, respectively. Tillage disturbance is a major element that 
lowers carbon stabilization in fine-textured soils and promotes soil 
organic carbon breakdown. However, conservation agriculture 
strategies can improve soil organic carbon (SOC) content and 

agro-ecosystem sustainability by retaining residue in coarse-textured 
soils and reducing SOC decomposition in fine-textured soils through 
reduced tillage (Chivenge et al., 2007). Furthermore, Jat et al. (2019) 
found that conservation agriculture captured more carbon in surface 
soil layers than conventional farming practices. That promotes the 
sequestration of carbon dioxide in the soil, thus contributing to 
climate change efforts. Conservation agricultural practices had a 
positive impact on SOC, soil aggregation, and C in aggregates in a 
soybean and maize cropping system (Fonteyne et al., 2021). A study 
conducted in southern Ethiopia found a significant difference 
(p < 0.05) in soil organic carbon (SOC) between conservation 
agriculture (1.8 + 0.07) and conventional tillage (1.6 + 0.05) (Lejissa 
et al., 2022). Liben et al. (2018) found a similar result: soil organic C 
for the 0–0.05 m soil profile was 16 g kg-1 with conservation 
agriculture versus 12 g kg-1 with conventional farming. Furthermore, 
Jayaraman et al. (2022) found that no till and reduced tillage had a 
substantial impact on soil organic carbon (12.9 to 19.4% increase) and 
soil aggregate (20.77 to 25.97% increase) when compared to 
conventional tillage. This demonstrates that conservation agriculture 
makes an important contribution to climate change mitigation 
and adaptation.

Conservation agriculture enhances soil health and the efficient use 
of natural resources, reducing the environmental consequences of 
agricultural activities, saving inputs, and lowering production costs 
and increase farmers annual income when compared to traditional 
practice (Cárceles Rodríguez et al., 2022; Gebeyehu, 2023). The study 
result revealed that soil health indicators such as soil aggregation, soil 
organic carbon storage, soil enzymes, and microbial biomass indicate 
soil health improvement under conservation tillage practices, which 
could enhance the carbon-nitrogen cycle, soil stability, and overall 
crop productivity. When the tillage practice integrates with crop 
rotation and residue management, it can offer long-term sustainability 
for soil management (Hou, 2023; Sangotayo et  al., 2023). The 
conservation tillage method reduced the soil temperature, soil 
nutrients accumulation, crop growth, and yield. Furthermore, 
conservation tillage is the most effective way to improve soil health as 
compared to conventional tillage systems (Sadiq et al., 2021).

Mitigation options practiced
Different stakeholders have defined climate change mitigation in 

several ways: The Intergovernmental Panel on Climate Change (IPCC) 
defines ‘Implementing policies to reduce greenhouse gas emissions 
and enhance sinks’ as implementing policies (IPCC, 2007). While the 
United Nations Framework Convention on Climate Change 
(UNFCCC) defines “A human intervention to reduce the sources or 
enhance the sinks of greenhouse gases’ (UNFCCC, 1997). 
Conservation agriculture (CA) is a farming method that uses natural 
ecological processes to increase agricultural yields and sustainability 
by reducing soil disturbance, retaining permanent soil cover, and 
diversifying crop rotations (Milder et al., 2011; Kolapo and Kolapo, 
2023). Thus, CA is among non-substitutable options to reduce 
greenhouse gas emission (Zalalem, 2021). Crop diversification, 
improved nitrogen use efficiency, crop rotation, improved soil carbon 
sequestration strategies; crop residue retention, reduced soil 
disturbance, and integrated farming systems are all essential 
contributors to lowering GHG emissions. Furthermore, conservation 
agriculture minimizes the adverse impacts associated with 
conventional agriculture, such as soil erosion, soil organic matter 
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decline, water loss, and soil physical deterioration, while increasing 
biodiversity (Saha et al., 2022).

Carbon stocks in soils can be  large, and they can fluctuate in 
response to soil properties and management activities such as crop 
type and rotation, tillage, drainage, residue management, and organic 
additions. Crop residue combustion emits considerable non-CO2 
greenhouse gases (IPCC, 2007). In Ethiopia, the majority of farmers 
are smallholders who use mitigating strategies such as reduced tillage 
and manure incorporation into their soils. Soil organic matter storage 
can help retain carbon, improve water-holding capacity in dry 
conditions, and increase agricultural productivity (Feliciano et al., 
2022). Conservation agriculture is based on three pillars: limited 
tillage, permanent ground cover, and crop diversity or rotation, all of 
which improve soil aggregation, water infiltration, and retention while 
also increasing soil organic carbon in the soil’s surface layers. This 
reduces excessive CO2 accumulation in the atmosphere (Jat et al., 
2014; Stanojevic and Stanojevic, 2021).

Challenges to promote the CA and future 
perspective in Ethiopia

Conservation agriculture has been practiced for a long time, but 
the promotion of the technique requires diverse strategies. Farmers 
and stakeholders should understand the benefits and long-term 
implications of CA, which is concerned with sustainability. This might 
be accomplished by actively engaging stakeholders at all phases and 
providing training on the impact of CA on soil health and 
sustainability (Lumpkin and Sayre, 2009; Jat et al., 2014).

To promote CA adoption, the government, and NGOs should 
provide subsidies for purchasing zero-till machinery and making 
credit available to participant farmers, protect participant rights, 
facilitate interlinks for farmers with input suppliers, research institutes, 
farmer self-groups, organize farmer visits and workshops, provide 
information on input supply, credit lines, and provide farmers with 
access to new technological advancements (Jat et al., 2014; Cárceles 
Rodríguez et al., 2022).

Weed control strategy remains a major barrier to successful CA 
adoption, demanding the development of an economic and effective 
weed control mechanism based on integrated weed management for 
site-specific applications (Jat et al., 2014; Hurni et al., 2016). Several 
factors and challenges impede the adoption of CA practices, including 
a lack of appropriate equipment and machinery, the use of crop 
residue for fuel wood and animal feed, a lack of awareness about the 
benefits of CA on soil health and sustainability, and a lack of technical 
and financial support from the government for smallholder and 
medium farmers (Cárceles Rodríguez et al., 2022).

CA practices help to mitigate and adapt to climate change, 
alleviate poverty, and conserve ecosystems, all of which require 
innovative methods. To do so, adequate time is required, as the CA’s 
complicated, knowledge-intensive nature and the requirement to 
establish local ability may take 3–5 years to build farmer trust (Milder 
et al., 2011). According to reports, the majority of CA activities were 
carried out at the plot level (Figure 1). Thus, they should be scaled up 
to the landscape level by integrating with the promotion of improved 
livestock feed and grazing systems, as well as improved fuel wood 
promotion, to reduce pressure or challenges associated with crop 
residue utilization for animal feed and fuel wood consumption. 
Strengthening research and promotion of the technology is essential 
through conducting experimentation, promoting the best practices, 

and capacity building for farmers and experts to improve adoption 
barriers and realize its full potential in enhancing agricultural 
productivity, resilience, and sustainability.

Conservation agriculture aligns with 
sustainable development goal (SDGs)

Conservation agriculture (CA), with its three core concepts of 
minimum soil disturbance, permanent soil cover, and crop rotation, 
could be a feasible option for fulfilling the SDG targets. CA is aligned 
with the United Nations’ Sustainable Development Goals (SDGs) and 
contributes to their achievement, particularly SDGs 2: Zero Hunger, 
6: Clean Water and Sanitation, 12: Responsible Consumption and 
Production, 13: Climate Action, and 15: Life on Land. SDG 2 aims to 
eradicate hunger by promoting sustainable agriculture and nutrition. 
CA techniques improve soil health and nutrient availability, boosting 
agricultural output while minimizing dependency on synthetic inputs 
such as pesticides and fertilizers. CA’s adaptability to climate change 
issues enhances food production. For SDG 6, CA’s limited tillage and 
soil cover components help reduce soil erosion, leading in cleaner 
water by avoiding sedimentation in water bodies. Improved water 
management and conservation help to ensure sustainable water use 
and sanitation. SDG 12 promotes appropriate consumption and 
production habits. CA encourages effective resource use, lowers waste, 
and mitigates the negative environmental impact of agricultural 
inputs, resulting in more sustainable production systems that rely less 
on external inputs. SDG 13 states that CA techniques improve soil and 
water management, boost soil carbon absorption, and reduce 
greenhouse gas emissions, all of which help agricultural systems 
become more resilient to climate change. Finally, SDG 15 focuses on 
life and land protection. CA promotes biodiversity through cover 
cropping and reduced chemical use, which offers habitat for creatures 
while also supporting ecosystem services and sustainable land use. 
Finally, CA contributes significantly to the achievement of numerous 
SDGs by promoting sustainable agriculture, saving resources, reducing 
climate change, and protecting biodiversity. Adoption and extension 
of CA practices are critical for ensuring a sustainable and resilient 
future (Chaudhari et  al., 2021; Sachs et  al., 2022; Farooq, 2023; 
Atapattu et al., 2024).

Conclusion and recommendation

The reviewed analysis of several research findings demonstrated 
that minimum tillage helps to conserve soil moisture as compared to 
conventional tillage. Conservation tillage reduces soil temperature, 
retains crop residue, and improves nutrient buildup in the surface soil 
layer, all of which lead to improved growth and yield of crops. 
Furthermore, agriculture and other land uses significantly contribute 
to greenhouse gas emissions; yet, conservation agriculture methods 
have a favorable impact on SOC, soil aggregation, and carbon in 
aggregate, improving soil health. The study’s findings revealed that 
soil health indicators such as soil aggregation, soil organic carbon 
storage, soil enzymes, and microbial biomass improve with 
conservation tillage practices, which could enhance the carbon-
nitrogen cycle, soil stability, and overall crop productivity. While 
considering climate adoption and mitigation alternatives, 
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Conservation agriculture is one of the non-substitutable methods of 
reducing greenhouse gas emissions. Crop diversity, increased 
nitrogen consumption efficiency, crop rotation, improved soil carbon 
sequestration methods; crop residue retention, minimum soil 
disturbance, manure incorporation, and integrated farming systems 
are all important factors in minimizing GHG emissions. Moreover, 
factors limiting conservation agriculture adoption were identified as 
a lack of appropriate equipment and machinery, weed control 
methods, the use of crop residue for fuel wood and animal feed, a lack 
of awareness about the benefits of conservation agriculture on soil 
health and sustainability, and a lack of government technical and 
financial support for smallholder. Adoption and scaling up of CA 
practices are critical for ensuring a sustainable development goal and 
resilient future. Thus, interested stakeholders should consider the 
aforementioned considerations while integrating with enhanced 
technology to promote technology on a large scale. According to the 
review results, it was recommended to support the technology with 
awareness creation, integration with enhanced technology, and 
supporting the investigation’s results of the site-specific agroecology 
of the area.
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