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Abstract 

 

Climate change poses significant challenges to agriculture worldwide, with implications for 

food security, livelihoods, and ecosystems. This review paper examines the impact of climate 

change on agriculture and explores adaptation strategies for North Macedonia. The paper 

synthesizes existing literature on the subject, drawing from peer-reviewed articles, academic 

papers, and reports. The introduction provides an overview of the interconnectedness between 

climate change and agriculture, emphasizing the vulnerability of the agricultural sector to 

changing climatic conditions. The materials and methods section outlines the methodology 

employed, including a systematic literature search, source selection criteria, data extraction, 

analysis, and synthesis. Results and discussion focus on five key areas: crop adaptation, water 

management, pests and diseases in crops, biodiversity, and agroforestry. Each subsection 

discusses the challenges posed by climate change in these areas and explores potential 

adaptation measures tailored to North Macedonian context. The conclusion highlights the 

urgency of addressing climate change impacts on agriculture and emphasizes the importance 

of adopting climate-smart agricultural practices. It underscores the need for collaborative 

efforts between stakeholders to promote knowledge exchange, capacity building, and policy 

interventions. This paper highlights the importance of adapting agricultural practices to 

mitigate the adverse effects of climate change on food production and rural livelihoods in 

North Macedonia. By embracing adaptation strategies, policymakers, farmers, and other 

stakeholders can enhance resilience and ensure sustainable agricultural development in the 

face of a changing climate. 

 

Key words: Climate change, Agriculture, Adaptation strategies, North Macedonia. 

 

Introduction 

 

Climate change poses significant challenges to global ecosystems and agricultural systems 

worldwide. In the face of escalating environmental degradation and the proliferation of 

greenhouse gas emissions, agriculture stands as both a contributor to climate change and one 

of its most vulnerable sectors (Piguet, 2022). This intersection underscores the urgency of 

understanding the multifaceted impacts of climate change on agricultural productivity, food 

security, and rural livelihoods. 

While agricultural systems have historically shaped landscapes and sustained human societies, 

modern food production practices have increasingly strained natural resources and 

exacerbated environmental degradation (Redden et al., 2014). With approximately 70% of the 

global population reliant on agriculture for their livelihoods, the repercussions of climate 

change reverberate across regions already grappling with distinct shifts in climatic patterns 

(IPCC, 2021). 

The escalating atmospheric concentrations of greenhouse gases, including methane, carbon 

dioxide, and nitrous oxide, highlight the unprecedented nature of the current climate crisis 
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(Usman et al., 2021). The consequences of these changes manifest in extreme weather events 

and environmental disruptions, from devastating bushfires in Australia and the United States 

to the accelerated melting of polar ice sheets and rising sea levels (Canadell et al., 2021; 

Perkins, 2022). 

Amidst these global challenges, North Macedonia stands particularly vulnerable to the 

impacts of climate change on its agricultural sector. Characterized by a dry climate, changing 

rainfall patterns, and rising temperatures, the country faces mounting pressures on its 

agricultural productivity and food security (MAFWE, 2022). Agriculture, comprising 7.9% of 

the nation's GDP, occupies a critical role in sustaining rural livelihoods and supporting 

approximately 193,000 family farms. 

Projections from the World Bank indicate a looming future of heightened climatic instability 

in North Macedonia, with anticipated increases in temperature and precipitation deficits 

exacerbating existing challenges (MOEPP, 2020). In this context, it is imperative to explore 

adaptation strategies tailored to the unique socio-environmental landscape of North 

Macedonia. 

This review aims to provide a comprehensive overview of the current state of climate change 

impacts on global ecosystems and elucidate potential adaptation strategies tailored to North 

Macedonia's agricultural sector. By focusing on adaptation measures aimed at mitigating 

climate change impacts, this review seeks to contribute to ongoing efforts to safeguard 

agricultural sustainability and rural livelihoods in North Macedonia. 

 

Materials and Methods 

 

Objective Statement: 

The aim of this review paper was to comprehensively explore existing research and literature 

on the impact of climate change on agriculture, with a focus on North Macedonia. The 

objective was to outline the necessary adaptation measures and strategies to address these 

impacts. 

Systematic Literature Search: 

A systematic literature search was conducted in September-October 2023 to identify relevant 

peer-reviewed articles, academic papers, reports, and publications related to the impact of 

climate change on agriculture. Search terms included "climate change" and "agricultural 

adaptation measures," and databases searched included Google Scholar, Web of Science, 

Scopus, Emerald, Elsevier Science Direct, and the World Bank's Climate Change Information 

Portal. Additionally, official data published in The Annual Reports of the Ministry of 

Agriculture, Forestry and Water Economy were consulted. 

Source Selection Criteria: 

A total of 60 studies were identified and deemed appropriate for review based on their 

relevance to the subject matter. Selection criteria included the significance of the articles to 

the topic of climate change in agriculture and adaptation measures. Irrelevant or duplicated 

articles were excluded from the review. 

Data Extraction and Analysis: 

Essential insights were extracted and structured from the selected sources, focusing on 

challenges related to climate change impacts on agriculture and proposed adaptation 

solutions. This involved identifying recurring themes, emerging trends, and patterns in the 

literature. The selected articles were then analyzed to distill key findings, methodologies, and 

recommendations. 

Synthesis of Information: 

The synthesized information provides a structured overview of the challenges faced by 

agriculture due to climate change, along with corresponding adaptation actions. Insights from 
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the chosen articles were categorized into specific themes, including Crop Adaptation, Water 

Management, Pests and Diseases in Crops, Biodiversity, and Agroforestry. These themes 

serve as the basis for the discussion section of this paper. 

 

Results and discussion 

 

The impacts of climate change on agriculture in North Macedonia are multifaceted, affecting 

various aspects of crop production, water management, pest and disease control, biodiversity, 

and agroforestry. This section summarized in Table 1 discusses the key challenges identified 

in these areas and explores the potential adaptation measures tailored to the specific context of 

North Macedonia. 

 

Table 1. Challenges and adaptation measures for agriculture in North Macedonia facing 

climate change 

 

Key area Challenges Adaptation measures 

Crop adaptation 

Drought and heat stress 
Crop rotation to optimize soil moisture 

retention and improve soil health 

Disruption of crucial stages 

of plant development 
Adopting heat-resistant crop varieties 

Flower drop and reduced 

yield 
Implementing precision agriculture techniques 

Water 

management 

Reduced water supplies due 

to climate change 

Water-saving techniques like mulching, 

shading nets, and micro-irrigation systems 

Inefficient irrigation 

methods 

Transition to modern irrigation systems like 

micro-irrigation and fertigation 

Soil erosion and yield loss 
Extensive animal husbandry in water-scarce 

regions 

Pests and 

diseases in crops 

Heavy reliance on pesticides 
Implementing integrated pest management 

(IPM) practices 

Misuse of pesticides Using biological pest control methods 

Abiotic and biotic plant 

diseases 
Developing disease-resistant crop varieties 

Biodiversity 

Decline in farmland 

biodiversity 

Enhancing biodiversity monitoring and 

establishing protected areas that consider 

climate impacts 

Loss of ecosystem services Promoting ex situ conservation efforts 

Impact on pollinators and 

soil biodiversity 

Implementing sustainable land management 

practices 

Agroforestry 

Climate change threats to 

forests 

Integration of trees or shrubs with crops to 

enhance resilience and offer biophysical and 

socioeconomic benefits 

Soil erosion and reduced soil 

health 

Promoting awareness, capacity building, and 

policy support for agroforestry practices 

Loss of ecosystem services 

Strategic tree planting and management to 

create microclimates and buffer crops against 

adverse climatic conditions 
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Crop Adaptation 

Abiotic stressors, such as drought and heat stress, significantly impact crop development and 

morphology worldwide (Reidsma et al., 2009). Several studies indicate that these stressors, 

exacerbated by climate change, are likely to negatively affect crop yields in North Macedonia 

(Hristov, 2018). The country's diverse agro-ecological zones, including alpine, Mediterranean, 

and continental regions, exhibit variations in response to changing climatic conditions. 

While higher temperatures may initially promote plant growth and shorten growing seasons, 

they can also disrupt crucial stages of plant development, leading to phenomena like flower 

drop and ultimately reducing yield (Demirevska et al., 2009; Jahanzad et al., 2020). This 

underscores the urgent need for adaptation strategies to mitigate the adverse effects of climate 

change on agricultural production. 

Crop rotation emerges as a vital adaptation measure to optimize soil moisture retention and 

minimize water loss through evaporation and surface runoff (Yu et al., 2022). By enhancing 

soil structure, nutrient cycling, and resistance to erosion, crop rotation promotes soil health 

and resilience to extreme weather events such as floods and droughts. Additionally, it fosters 

microbial activity in the soil, contributing to disease suppression and overall plant health (Yu 

et al., 2022). 

The planned strategy for agriculture and rural development in North Macedonia emphasizes 

the importance of ensuring consistent food production, stable farmer incomes, and sustainable 

rural development (MAFWE, 2022). This policy framework supports the cultivation of grain 

and vegetables, enabling continued production despite challenges posed by fluctuating rainfall 

and temperatures, as well as rising agricultural input costs. 

 

Water Management 

Water plays a pivotal role in agriculture, with factors like elevation and drought significantly 

influencing its quality and availability. Climate change-induced shifts, including reduced 

water supplies due to snowmelt, evaporation, and other climatic alterations, pose challenges 

for the agricultural sector and food security. Consequently, there is a pressing need for 

rational water management practices in agricultural production. 

In North Macedonia, excessive irrigation practices can exacerbate water shortages for fellow 

farmers, compromise crop health, and increase susceptibility to diseases and pests. Moreover, 

inefficient irrigation methods contribute to soil erosion, yield loss, and elevated production 

costs. To address these challenges, farmers are increasingly adopting water-saving techniques 

such as mulching, shading nets, and micro-irrigation systems. These technologies help 

minimize water loss from soil evaporation and enhance water use efficiency by plants. 

Transitioning from traditional irrigation practices to modern systems, such as micro-irrigation 

and fertigation, is crucial for optimizing water resources and mitigating climate change 

impacts. Proper management practices aim to improve the allocation and efficiency of 

irrigation water, taking into account factors like pricing, technology type, environmental 

conditions, and watering schedules (Hillel, 1997). Emphasizing the adoption of these 

advanced irrigation technologies and practices through farmer training programs is essential 

to enhance water conservation and resilience in agricultural systems. 

In regions facing acute water scarcity, promoting extensive animal husbandry as an alternative 

to water-intensive crop cultivation can be economically viable and environmentally 

sustainable. By diversifying agricultural activities, farmers can reduce reliance on water-

intensive crops and adapt to changing climate conditions more effectively. 

Climate change poses significant challenges to water resources in North Macedonia, with 

smallholder farms being particularly vulnerable to increased heatwaves, severe droughts, and 

floods. Effective water management strategies are imperative to safeguard agricultural 

livelihoods and ensure sustainable food production amidst changing climatic conditions. 



Proceedings of the XV International Scientific Agricultural Symposium “Agrosym 2024” 

943 

Pests and Diseases in Crops 

Pesticides play a crucial role in modern agriculture, offering farmers labor savings and higher 

yields by effectively combating pests and diseases. While some small-scale farmers may opt 

for minimal pesticide use, large-scale crop producers often rely heavily on these chemicals to 

safeguard their crops. For instance, wheat farmers may apply weed killers to expedite drying 

and prevent losses from wet weather, while fruit and vegetable growers frequently employ 

pesticides to protect delicate varieties like strawberries. 

However, the widespread use of pesticides comes with both economic benefits and 

environmental concerns. In the EU, pesticides account for approximately 7-8% of total 

agricultural production costs, highlighting their significant financial impact (Popp et al., 

2013). Nonetheless, misuse of pesticides can lead to socio-economic and environmental 

repercussions, underscoring the importance of adopting alternative pest control methods, such 

as Organic Agriculture production, to reduce reliance on artificial fertilizers and pesticides. 

Plant diseases pose a significant threat to crop production, necessitating effective preventive 

measures. Diseases can be categorized as abiotic (non-infectious) or biotic (infectious), with 

adverse environmental conditions often serving as catalysts for their development. Examples 

include extreme temperatures, moisture imbalances, air pollutants, soil contaminants, and 

toxins released by certain plants and fungi (Vicente and Holub, 2013; Koza et al., 2022). 

Among the most common infectious agents in agriculture are bacteria, pathogenic fungi, 

viruses, and parasites. Preventive measures against bacterial infections include the use of 

pathogen-free seeds, seed treatment with hot water, soil solarization, and application of 

germicidal compounds (Vicente and Holub, 2013). Similarly, control strategies for fungi 

involve destroying infected plant matter, using healthy seeds, implementing regular crop 

rotation, and employing chemical and biological fungicides. 

Viruses and viroids pose unique challenges due to their small size and ability to spread 

rapidly through the soil. Control measures include cultivating resistant crops, conducting 

indexing to determine virus presence, and implementing quarantine protocols to contain 

outbreaks (Fontdevila Pareta et al., 2023). Additionally, parasites are effectively managed 

through herbicide application on resistant crops, manual weeding, and crop rotation. 

In cases of severe infection, farmers may need to resort to drastic measures such as destroying 

infected crops and implementing quarantine to salvage remaining yields (Almeida et al., 

2019). Despite the challenges posed by pests and diseases, sustainable agriculture practices 

not only protect the environment but also contribute to long-term profitability in the 

agricultural sector. 

 

Biodiversity 

Biodiversity serves as a cornerstone of natural ecosystems and is essential for sustaining food 

resources worldwide. However, there is alarming evidence of global declines in farmland 

biodiversity, particularly observed in plants, pollinating birds, and insects, predominantly in 

regions like North America and Europe. Agricultural intensification processes, characterized 

by practices such as fertilization, tillage, and pesticide use, are recognized as the primary 

drivers of biodiversity loss and ecosystem degradation (ECA, 2020). 

Over the past five decades, arable land has witnessed a significant decline in biodiversity, 

leading to biotic homogenization and species extinctions, particularly in Europe (Outhwaite et 

al., 2022; Maxwell et al., 2016). This trend is exacerbated by the intensification of agricultural 

practices and the removal of landscape features that support biodiversity (Czucz et al., 2022). 

The decline in biodiversity poses risks to essential ecosystem services vital for agriculture, 

including pollination and soil health. 

Pollinators, such as bees and butterflies, play a crucial role in sustaining agricultural 

production by pollinating three-quarters of the world's most cultivated crops, thereby 
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contributing to the production of fruits, vegetables, and seeds. Similarly, soil biodiversity, 

encompassing bacteria, fungi, and worms, enhances water and nitrogen use efficiency, while 

insects serve as biological control agents, regulating pest populations. 

The intensification of agricultural activities and expansion of agricultural frontiers contribute 

to dwindling biodiversity, with pesticide use emerging as a key factor in altering farmland 

ecosystems, particularly impacting farmland bird populations. Excessive pesticide application 

can disrupt biological diversity and compromise habitat quality for diverse species. 

As global demand for crops and food continues to rise, driven by population growth, 

biodiversity in both farmland and natural areas faces escalating risks. To address these 

challenges, adaptation strategies in North Macedonia must prioritize collecting climate impact 

data on biodiversity, especially in mountain ecosystems, enhancing biodiversity monitoring 

efforts, establishing functional systems of protected areas that consider climate impacts, and 

promoting ex situ conservation efforts (MOEPP, 2023). 

 

Agroforestry 

Recent Intergovernmental Panel on Climate Change (IPCC) report have underscored the 

significance of agroforestry in the context of climate change adaptation, prompting a growing 

recognition of its importance in national adaptation plans (IPCC, 2022; Meybeck et al., 2020). 

Agroforestry, characterized by the intentional integration of trees or shrubs with crops within 

plots, farms, or landscapes, emerges as a promising climate change adaptation strategy to 

enhance the resilience of farmers and agricultural systems, offering a multitude of biophysical 

and socioeconomic benefits (Rosenstock et al., 2019). 

In response to climate change threats, the agricultural community must assess the long-term 

impacts on forests and devise restoration strategies to mitigate risks. Research highlights two 

key adaptation approaches: increasing tree diversity to accommodate heightened climate 

variability and implementing targeted interventions to address projected climate trends 

(Catacutan et al., 2017). 

Agroforestry systems not only contribute to climate change mitigation by sequestering carbon 

dioxide but also offer multiple adaptation benefits, including improved soil health, enhanced 

water retention, and diversified income sources for farmers (Jose, 2009). By integrating trees 

or shrubs into agricultural landscapes, farmers can mitigate the impacts of extreme weather 

events, such as floods and droughts, while simultaneously enhancing biodiversity and 

ecosystem services (Rolo et al., 2023). 

Furthermore, agroforestry practices promote sustainable land management by reducing soil 

erosion, conserving water resources, and enhancing agroecosystem resilience to climate 

variability (Ruiz et al. 2020). Through strategic tree planting and management, farmers can 

create microclimates that buffer crops against adverse climatic conditions, fostering greater 

agricultural productivity and food security in the face of changing climate patterns 

(Torquebiau, 2000). 

To realize the full potential of agroforestry as a climate change adaptation strategy, concerted 

efforts are needed to promote awareness, capacity building, and policy support for its 

widespread adoption. Collaborative initiatives between governments, research institutions, 

and local communities can facilitate the implementation of agroforestry practices, fostering 

sustainable agricultural development and climate resilience in North Macedonia and beyond. 
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Conclusion 

 

Climate change poses unprecedented challenges to agriculture worldwide, threatening food 

security, livelihoods, and ecosystems. This review paper has explored the impact of climate 

change on agriculture and outlined potential adaptation strategies for North Macedonia. 

The findings highlight the urgency of addressing climate change impacts on agriculture, given 

its profound implications for global food production and rural livelihoods. From shifts in 

temperature and precipitation patterns to increased frequency of extreme weather events, 

climate change poses multifaceted risks to agricultural systems. 

In North Macedonia, where agriculture plays a vital role in the economy and sustenance of 

rural communities, the effects of climate change are particularly pronounced. Changing 

rainfall patterns, rising temperatures, and water scarcity pose significant challenges to crop 

yields, soil health, and biodiversity. 

However, amidst these challenges lie opportunities for adaptation and resilience-building. 

Through the adoption of innovative agricultural practices such as crop rotation, water 

management techniques, pest and disease control measures, agroforestry, and biodiversity 

conservation efforts, farmers can enhance their capacity to withstand climate variability and 

change. 

Furthermore, strategic policy interventions and investments are crucial to support climate-

smart agriculture initiatives and facilitate the transition towards more sustainable and resilient 

farming systems. Collaborative efforts involving government agencies, research institutions, 

civil society organizations, and local communities are essential to promote knowledge 

exchange, capacity building, and the adoption of climate-resilient agricultural practices. 

In conclusion, addressing the impacts of climate change on agriculture requires concerted 

action at all levels. By embracing adaptation strategies tailored to local contexts and 

leveraging the potential of nature-based solutions, North Macedonia can mitigate the adverse 

effects of climate change on its agricultural sector and ensure food security, environmental 

sustainability, and prosperity for future generations. 
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