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Abstract 

Climate change poses a serious threat to food security in Afghanistan through drought, rain-

fall variability, water scarcity, land degradation, and declining agricultural productivity. The 

review aimed is to assess the potential of agroforestry for enhancing climate resilience, food 

security, and rural livelihoods in Afghanistan. Agroforestry, which integrates trees with agri-

cultural crops and/or livestock, is a climate-smart and multifunctional approach for addressing 

these challenges. By enhancing carbon sequestration and storage, soil and water conservation, 

biodiversity, food production diversity, and the resilience of rural livelihoods, agroforestry 

can help reduce the adverse impacts of climate change. This narrative review examined scien-

tific, governmental, and institutional sources published between 2010 and 2025, including 

literature retrieved from Google Scholar, JSTOR, and PubMed. Of the initially identified pub-

lications, 49 relevant studies were analyzed in relation to agroforestry, climate change, food 

security, agricultural production, and economic sustainability. A qualitative thematic ap-

proach was employed to analyze the available evidence and identify major themes and find-

ings. The findings indicate that agroforestry has substantial potential to improve food availa-

bility and diversity, soil fertility, water conservation, carbon storage, ecosystem resilience, 

and rural incomes. In Afghanistan, agroforestry systems based on species such as pistachio, 

wild almond, willow, mulberry, eucalyptus, and plane trees show considerable potential for 

expansion. However, their wider adoption remains constrained by limited scientific and field-

based evidence, inadequate technical and institutional capacity, limited financial support, and 

uncertainties surrounding land ownership and use. Future research should focus on the long-

term impacts of agroforestry across Afghanistan’s diverse climatic regions, particularly its 

potential for carbon sequestration, soil and water conservation, agricultural productivity, eco-

nomic benefits, and rural livelihood resilience. Such research is essential for developing effec-

tive, locally appropriate management approaches. Overall, agroforestry represents a promis-

ing climate-smart strategy that can simultaneously strengthen food security, climate resili-

ence, ecosystem sustainability, and rural livelihoods in Afghanistan. 
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 یلولګنځ ېز ید کرن ېتوب په برخه کیو خوندړ م بدلون کمولو او د خو ید اقل ېپه افغانستان ک
 اکتنهیتي بیرول: روا

 ۱یب الله طاهر ی، حب۳عابد ی، مصطف۲یمدض الرحمن احی، ف۱دالله اقبالیجاو
 کابل پوهنتون ، ځیپوهن ېکرن، هګانڅنو یعي سرچیاو طب ېلپوهنګنځد ۱
 لغمان پوهنتون ، ځیپوهن ېکرن، هګانڅنو یعي سرچیاو طب ېلپوهنګنځد ۲

 کابل پوهنتون ، ځیپوهن ېکرن، هګانڅرانومي ګد ا۳
 javidullahiqbal@ku.edu.af :کینالېښکوال برید مسئول ل

 زډیلن
 ېز یب او د کرنید تخر ېمکځت، د ښد اوبو د کمبدلون،  ېول او کچډتونو د ښ، د اور ۍد وچکال ېمي بدلون په افغانستان کیاقل
مي زغم، ید اقل ېموخه په افغانستان ک ېنڅېړ  ېوي. د دېښپ ښواګتوب ته جدي یو خوندړ د خو ېدو له لار ېا د کمیتړ دي ویتول

زو یکرن-و ونوپر هغ یېتمرکز  ېت ارزونه ده، چید ظرف یلولګنځ ېز یا لپاره د کرنیتړ اویشتونو د پیوالي معیتوب او کلیو خوندړ خو
، د ېنو د ساتنیعي سرچیزو د کمولو، د طبېت او د هغه د اغښم له بدلون سره د ساز ید اقل ېچ یستمونو دیس ۍمالدار -نباتات  او ونو

 /ېار ښیهو -میونو د حل لپاره د اقلګلولي د دغو ننګنځزه یرول لري. کرن ېا کیتړ اویشتونو د مقاومت په پید او د معیو د تولړ خو
،  ېاو اوبو د ساتن ېرمه کولو، د خاور ېد کاربن د جذب او ز  ېي، چېږه مطرح کګپه تو  ېلار ګت ېز یخړ و اڅاو  ېونکت لر ښساز 

 ېز ېه اغړ مي بدلون ناویشي د اقل یا سره کولا یتړ اویشتونو د زغم په پیمعوالي ید د تنوع او د کلیو د تولړ کي تنوع، د خویولوجیب
د   ې، چېنیسرچ ېز ټیعلمي، دولتي او بنس ېشو  ېخپر  ځکلونو ترمن ۲۰۲۵او  ۲۰۱۰ د ېاکتنه کیتي بیروا ېي. په دړ ک ېراکم

Google Scholar  ،JSTOR   اوPubMed  ۴۹خه څژندل شوو خپرونو ېني پړ دي. له لوم ېل شو څېړ دي،  ېخه ترلاسه شو څ 
ل یاو تحلړ ت په تیښو اقتصادي پاد ایز تولیتوب، کرنیو خوندړ مي بدلون، خوی، اقلیلولګنځ ېز ید کرن ېخپرون ېز ېنڅېړ  ېوندړ ا

 ېده. موندن ېلاره کارول شو ګفي موضوعي تیژندلو لپاره کېل او د عمده موضوعاتو او موندنو د پیشواهدو د تحل دي. د شته ېشو 
ستم د یکوسیرمه کولو، د اې، د کاربن ز ې، د اوبو ساتنۍز ېحاصلخ ېو د شتون او تنوع، د خاور ړ لولي د خوګنځزه یکرن ېيي چښ
وس او ټپیوکالید، توت، ی، وحشي بادام، بېد پست ېا لري. په افغانستان کیتړ و ړه والي لپاره د پام وښدو د یوالي عوایقاومت او د کلم

دل لا هم د یک ېستمونو پراخ پلیس ېا شتون لري. اما د دیتړ و ړا لپاره د پام ویستمونه د پراختیس یلولګنځ ېز ید کرن ټچنار پر بنس
ت او ید مالک ېمکځت او د ید محدود ړا د نه شتون، د مالي ملاتیتړ و ېز ټیکي او بنسیت، د تخنښشواهدو د کمعلمي او ساحوي 

دمهاله ږپر او یلولګنځ ېز ید کرن ېمو کیمي سیلو اقلېلابېد د افغانستان په بیبا ېنڅېړ  ې. راتلونکیاوو سره مخ دیندتګر څله نا ېکارون
والي یو او د کلګټد، اقتصادي یز تولی، د کرنېاو اوبو د ساتن ېاربن د جذب، د خاور ه د کګي تو ګړ انځي، په ړ زو تمرکز وکېاغ
طو سره مناسبو یزو شراییمهیزمنو او له سېد اغ ېنڅېړ ول ډا معلومولو لپاره ترسره شي. دا یتړ د و ېد هغ ېشتونو د زغم په برخه کیمع
 ېلاره ده، چګرکه تځی-ميیاقل ېونکښله بخیوه هیلولي ګنځزه یه، کرنګو زه تیولټدي. په  ېنړیته کولو لپاره اځلارو د رامنګتي تیریمد

شتونه یوالي معیت او کلیښستم پایکوسیمي مقاومت، د ایتوب، اقلیو خوندړ د خو ېه په افغانستان کګمهاله تو شي په هم یکولا 
 ي.ړ ي کړ اویپ

 لوليګنځزه یکرن، رمه کولېکاربن ز  ،توبیو خوندړ خو ،م زغمیاقل، تښم بدلون کمیاقل ،افغانستان :یدیمات کلیکل
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Introduction 

Climate change is a major threat to food security, particularly in developing countries 

where livelihoods depend heavily on agriculture (Mutengw et al., 2023). It affects all four 

dimensions of food security—availability, access, utilization, and stability—through rising 

temperatures, changing precipitation patterns, and increasingly frequent extreme events such 

as droughts and floods (Yuan et al., 2024). These impacts reduce crop and livestock produc-

tivity and increase vulnerability within food systems. Forests and trees play an important role 

in addressing these challenges by regulating climate, supporting ecosystem services, and con-

tributing to sustainable food production (Agrawal, 2014). 

Forests regulate climate primarily through carbon sequestration and storage in biomass and 

soils, while also providing essential services such as biodiversity conservation, water regula-

tion, soil protection, and nutrient cycling. They additionally provide food and other products, 

including fruits, nuts, honey, mushrooms, and medicinal plants (Mbow et al., 2014; Vinceti et 

al., 2024). These functions are particularly important for communities whose livelihoods de-

pend on natural resources. 

Agroforestry has emerged as a climate-smart land-use approach that integrates perennial 

woody plants with crops and/or livestock on the same land unit (Jung et al., 2024). It can en-

hance carbon sequestration and storage, supporting climate-change mitigation, while improv-

ing soil quality, conserving water, supporting biodiversity, and regulating microclimates, 

thereby strengthening adaptation and resilience. The diversification of agricultural and tree-

based products can also improve food availability, income, and livelihood resilience. Through 

these interconnected functions, agroforestry contributes to food security and relevant Sustain-

able Development Goals (SDGs), particularly zero hunger, climate action, life on land, and 

poverty reduction (FAO, 2023; IPCC, 2022). 

However, the effectiveness of agroforestry depends on appropriate management and ena-

bling conditions. Deforestation, land degradation, unsustainable land use, limited quantitative 

evidence, insecure land tenure, weak market access, and inadequate technical capacity can 

constrain its adoption and benefits (Psistaki et al., 2024). Supportive governance, community 

participation, farmer education, technical assistance, and appropriate incentives are therefore 

important for scaling sustainable agroforestry (Agrawal, 2014). 

These challenges are particularly important in Afghanistan, where rural livelihoods depend 

heavily on agriculture and farming is vulnerable to rainfall variability, drought, water scarcity, 

rising temperatures, and land degradation (Ahmadzai et al., 2024). Agroforestry has potential 

to improve soil fertility and water-use efficiency, diversify production and income, and 

strengthen resilience to climate-related stresses. Evidence from Khost Province, for example, 

indicates its potential to support climate resilience and farmers’ livelihoods (Raoufi, 2024). 

Despite these potential benefits, empirical evidence on the long-term contribution of agro-

forestry to climate-change mitigation and food security remains limited in Afghanistan and 

other fragile, climate-vulnerable settings. This gap constrains evidence-based policy and sus-

tainable land-management strategies (Agrawal, 2014; Sahar et al., 2025). Therefore, this nar-

rative review synthesizes available evidence on the ecological, economic, and social contribu-

tions of agroforestry to climate-change mitigation, food security, and livelihood resilience, 

with particular attention to Afghanistan. It also identifies key knowledge gaps and implica-

tions for climate-resilient and sustainable land-use strategies. 
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Methodology 

We conducted a narrative review in this study. In order to perform a comprehensive analy-

sis of agroforestry and its impacts on climate change mitigation and food security, this study 

undertook an extensive assessment of journal articles, reports, case studies, and publications 

from research institutions, government administrative bodies, and non-governmental organi-

zations (NGOs), as well as other credible academic and professional sources. The relevant 

existing literature was identified according to the objectives of this study through a critical 

review of studies published from 2010 to 2025. Scientific databases, including Google Schol-

ar, JSTOR, and PubMed, were searched for relevant literature. Keywords such as “Afghani-

stan,” “climate change mitigation,” “food security,” “agroforestry,” “Carbon Sequestration,” 

and “agricultural production” were used to identify, filter, and review relevant studies. 

Furthermore, a comprehensive evaluation of approximately 49 articles and reports was 

conducted to extract the necessary information. Specific areas of attention included the role of 

agroforestry in carbon sequestration, soil fertility improvement, water conservation, biodiver-

sity enhancement, and its contribution to food security and economic sustainability. This 

study was designed to be broad and integrative in order to present a clear and comprehensive 

understanding of agroforestry’s role in mitigating climate change and enhancing food securi-

ty. Both peer-reviewed and non-peer-reviewed articles and reports were included. The review 

focused on studies published in English that provide quantitative and historical insights; non-

English publications were excluded. A study was considered eligible if it clearly addressed 

the key themes of agroforestry, climate change mitigation, food security, Carbon Sequestra-

tion, agriculture production or Afghanistan. 

The research is based on secondary data covering the environmental and socio-economic 

impacts of agroforestry systems. Relevant information was extracted from the included stud-

ies and categorized into seven key themes: agroforestry in Afghanistan, enhancing household 

food security and livelihoods through agroforestry, effects of agroforestry systems on agricul-

tural productivity and crop diversity, the role of agroforestry in climate change mitigation, 

impacts of climate change on agricultural production, climate change effects on Afghanistan’s 

natural resources, and food security in Afghanistan. The limitations of the study were 

acknowledged, and recommendations were proposed for future research, particularly in areas 

such as long-term productivity of agroforestry systems, economic evaluation, and policy 

frameworks aimed at strengthening food security and climate resilience.  

Results 

Effects of Agroforestry Systems on Agricultural Productivity and Crop Diversity 

Compared to monocropping systems, agroforestry plays a crucial role in increasing yields 

because the integration of trees and crops enhances soil moisture and fertility while moderat-

ing temperature and microclimatic conditions. In some cases, mutual benefits among crops 

are amplified, such as shade provision and organic matter input, collectively leading to higher 

overall productivity. Previous studies indicate that agroforestry systems can increase yields 

per unit area by integrating perennial and annual crops, while also improving socio-economic 

conditions. However, the magnitude of these effects depends on management intensity, spe-

cies selection, and climatic conditions (Castle et al., 2021; Omerkhil et al., 2024). 

Agroforestry enhances household food diversity and seasonal food availability, as trees 

and shrubs often provide fruits, seeds, leafy vegetables, and other nutritious foods that fill die-
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tary gaps. Several studies indicate that agroforestry improves access to diverse diets and helps 

reduce food shortages. These effects depend on household access, market conditions, and so-

cial factors. Overall, the findings are generally positive or neutral, with a prevailing trend to-

ward increased food diversity (Ickowitz et al., 2022). 

Previous research has demonstrated that there is no inherent trade-off between biodiversity 

conservation and crop yields. In some tropical agroforestry systems, when management prac-

tices such as shade regulation and structural diversity are properly implemented, both biodi-

versity conservation and high productivity can be achieved simultaneously. Furthermore, re-

cent meta-analyses have shown that agroforestry enhances multiple ecosystem services, in-

cluding soil conservation, carbon sequestration, and pollution control, which are critical for 

long-term yield stability and food production resilience. Nevertheless, local conditions, spe-

cies selection, and management practices remain key determinants of these outcomes (Clough 

et al., 2011). 

Enhancing Household Food Security and Livelihoods through Agroforestry 

Agroforestry systems not only contribute to increased food production and higher yields, 

but also play a significant direct and indirect role in improving community food conditions 

and enhancing food security. Through the combined cultivation of perennial and agricultural 

crops, agroforestry can increase the availability of fruits, nuts, and other nutritious foods, 

thereby reducing malnutrition and food shortages. In addition, agroforestry methods such as 

intercropping and nitrogen-fixing practices between trees and crops improve soil fertility and 

contribute to the development of sustainable and resilient food production systems (Garrity et 

al., 2010). 

Agroforestry is not only effective in improving the natural environment, but also provides 

economic benefits, particularly in regions where traditional agriculture is limited by climatic 

and environmental constraints. As noted by Roshetko (1999), agroforestry can generate addi-

tional income for farmers, directly supporting household food security. This additional in-

come is especially important in areas where traditional farming is not economically sustaina-

ble or does not provide long-term benefits. Income generated through agroforestry serves as a 

safety net for households against food price fluctuations and uncertain market conditions. In 

regions where farmers rely solely on conventional agriculture, they are often exposed to ex-

ternal risks such as price volatility, extreme weather, and unstable markets (Kiptot & Franzel, 

2012). By diversifying income sources, agroforestry enables farmers to avoid dependence on 

a single crop and reduce market-related risks. Moreover, agroforestry provides additional val-

ue-adding and income-generating opportunities. For example, tree products such as timber, 

fruits, nuts, and medicinal plants can be harvested and sold to generate extra income. 

Agroforestry also creates employment opportunities through tree planting, pruning, timber 

harvesting, and crop collection, which ultimately raises rural living standards and contributes 

to economic development. The economic benefits of agroforestry are not limited to individual 

farmers but extend to community development and poverty reduction. Studies indicate that 

well-designed agroforestry systems improve the socio-economic conditions of rural commu-

nities, enhance household economic stability through diversified income sources, and improve 

access to basic livelihood resources (Franzel & Coe, 2001). 

By supporting sustainable land management practices and promoting commercial activi-

ties, agroforestry directly contributes to poverty reduction and improved food security. Partic-

ularly in countries like Afghanistan, where malnutrition and food insecurity persist, the im-
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plementation of agroforestry practices can play a fundamental role in strengthening food secu-

rity and improving community nutrition. Through diversified cultivation of fruits, vegetables, 

and woody plants, agroforestry can reduce the root causes of food shortages and ultimately 

improve the quality of life and well-being of rural households. 

The Role of Agroforestry in Climate Change Mitigation    

Agroforestry involves combining agricultural crops, trees, and livestock on. the same piece 

of land. These systems are important not only for producing food and timber but also for 

boosting resilience against climate change and its associated challenges. One major climate-

related issue is drought. In dry areas, farming depends heavily on water availability, but cli-

mate change has reduced water supplies. Agroforestry helps tackle this problem by using 

deep-rooted trees that draw moisture from the soil to support nearby crops. Moreover, tree 

canopies help conserve surface soil moisture and lower evaporation rates, which is vital for 

drought resistance (Rolo et al., 2023). 

Table 1. Role of Sustainable Agricultural Practices in Environmental Benefit and Food Security 

Sustainable 

Practice 

Environmental Benefit Contribution to Food Security Source 

Agroforestry Carbon sequestration and 

soil conservation 

Increased crop productivity and in-

come diversification 

Sahar et 

al. (2025) 

Efficient irriga-

tion 

Water conservation Improved crop stability during 

drought 

Sahar et 

al. (2025) 

Biodiversity con-

servation 

Ecosystem resilience Improved nutritional diversity Sahar et 

al. (2025) 

Climate-smart 

agriculture 

Reduced greenhouse gas 

emissions 

Enhanced resilience of farming 

communities 

Sahar et 

al. (2025) 

Source: Adapted from Sahar et al. (2025). 

Impacts of Climate Change on Agricultural Production 

Compared to previous decades, Afghanistan has experienced significant declines in the 

production of staple crops that form the foundation of food security. Studies on the impacts of 

climate change on food security in rural Afghanistan show that factors such as untimely and 

irregular rainfall, floods, and sudden temperature fluctuations have caused substantial reduc-

tions in crop production, particularly affecting rural food security. The table below presents 

the level of decline in the production of key food crops in Afghanistan before and after cli-

mate change (Yar et al., 2024). 

Table 2. Changes in the Production of Major Agricultural Crops Due to Climate Change  

Crop Type Production Before Climate 

Change (1000 kg) 

Production after Climate 

Change (1000 kg) 

Percentage 

Decrease 

Wheat  50  20  30  

Barley  30  20  33  

Rice  20  15  25  

Corn  40  25  37.5  

Source: (Yar et al., 2024) 
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Source: Calculated by authors from IPC reports (Safi et al., 2024). 

Climate Change and Its Effects on Afghanistan’s Natural Resources 

Climate change has increasingly contributed to severe environmental challenges in Af-

ghanistan, with significant consequences for the country’s agricultural sector and natural re-

sources (Bove, 2021). In particular, forested areas such as Nuristan Province have experi-

enced notable wildfire events in recent years. For example, in 2022, a major forest fire de-

stroyed approximately 185 acres of woodland in Afghanistan, underscoring the growing vul-

nerability of the country’s ecosystems to climate-induced stresses and environmental degrada-

tion (Xinhua, 2022). 

Afghanistan Food Security 

Climate change increases directly and indirectly the uncertainty and risk of food produc-

tion and the supply chain (Palazzoli et al., 2015). Direct effects include modifications to pre-

cipitation, temperatures, and carbon dioxide availability. Indirect effects include impacts on 

water resource availability and seasonality, soil organic matter transformation, soil erosion, 

and decline in arable areas due to land degradation and desertification, changes in pest and 

disease profiles, and inflow of invasive species (Asian Development Bank, 2020; Ho et al., 

2017; World Bank Group, 2020). 

Climate change and the degradation of natural resources represent significant challenges 

for Afghanistan in achieving food security, alleviating poverty, and ensuring the sustainable 

management of environmental resources. As a country whose economy and livelihoods are 

predominantly dependent on agriculture, Afghanistan remains highly vulnerable to the ad-

verse impacts of climate variability and environmental decline. These challenges not only 

threaten agricultural productivity and rural livelihoods but also intensify food insecurity, so-

cioeconomic instability, and vulnerability among communities. Furthermore, the growing 

pressures associated with climate change and resource depletion have the potential to exacer-

bate social tensions and political instability, thereby hindering the country’s long-term sus-

tainable development and resilience (Safi et al., 2024). 

Climate change also threatens soil health. High temperatures, heavy rains, and extended 

droughts decrease soil organic matter, resulting in lower crop yields, food shortages, and a 

lack of fodder, which puts significant economic pressure on rural and farming communities. 

Agroforestry promotes crop diversification by providing fruits, timber, and fodder, thereby 

strengthening farmers’ economic resilience. This diversification is particularly beneficial dur-

ing times of climatic stress (Zouari & Hachicha, 2024). As global temperatures continue to 

rise, many crops suffer from heat stress. Tree shade helps reduce surface temperatures in 

farming areas, creating better conditions for crops to grow. Crops grown under tree cover are 

Table 3. Afghanistan’s Food Insecurity Situation by Phases From 2020 to 2022   (million) 

Year 
Total Popula-

tion analyzed  

Phase 1 

Number of 

people  

Phase 

1 % 

Phase 2 

Number of 

people   

Phase 

2 % 

Phase 3 

Number of 

people  

Phase 

3 % 

Phase 4 

Number of 

people  

Phase 

4 % 

2022 41.72 7.45 17.9 14.62 35.1 13.03 31.2 6.59 15.8 

2021 40.41 7.95 19.7 13.61 33.7 11.98 29.7 6.85 17.0 

2020 31.39 8.90 28.4 11.33 36.1 7.54 24.0 3.60 11.5 
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shielded from yield losses caused by excessive heat. Research shows that tree shade can lower 

daytime temperatures by several degrees, which is essential for plant survival. 

Rainfall patterns have become more unpredictable, with intense rainfalls followed by long 

dry periods. These changes pose serious risks to agriculture. Agroforestry systems improve 

rainwater absorption, enhance soil structure, and increase the soil’s water-holding capacity. 

Trees also reduce soil erosion and lessen the severity of surface runoff. Studies indicate that 

agroforestry can protect crops from the effects of irregular and heavy rainfall (Quandt et al., 

2023). 

Agroforestry and climate-smart agricultural systems are increasingly recognized as effec-

tive approaches for improving water-use efficiency, strengthening ecosystem services, en-

hancing biodiversity conservation, and supporting sustainable food production under chang-

ing climatic conditions. These integrated systems help farming communities adapt to climate 

variability while contributing to long-term environmental sustainability and resilience (Sahar 

et al., 2025). 

In summary, agroforestry is a powerful approach for adapting to and mitigating climate 

change. It helps lessen the impacts of drought, heat stress, and rainfall variability while pre-

serving soil fertility, boosting food production and diversity, and improving farmers’ econom-

ic well-being. Therefore, agroforestry should be incorporated as a fundamental part of agricul-

tural policies and programs aimed at addressing climate change. 

Agroforestry in Afghanistan 

Agroforestry is a key strategy for supporting livelihoods, managing the environment, and 

conserving natural ecosystems. It promotes diverse production and sustainability by incorpo-

rating perennial woody plants into farming lands and systems, which enhances social, eco-

nomic, and ecological advantages for farmers (Alao & Shuaibu, 2013; Khurram et al., 2026). 

As a rapidly evolving approach, agroforestry offers a long-term solution to help socio-

ecological systems adapt to climate change (Gurung & Temphel, 2015). This advanced, sus-

tainable system combines food production with nature conservation and is widely practiced in 

developing regions of South America, Central America, South Asia, and Southeast Asia. 

Across Afghanistan, agroforestry remains in its early stages of development, characterized 

by incomplete policies, underdeveloped legal frameworks, and limited research and technical 

capacity. The Forest Department has initiated agroforestry programs aimed at reducing pres-

sure on natural forests. Since 2013, pistachio and mountain almond seeds have been distribut-

ed across 17 provinces and planted near farmers’ agricultural lands. Agri-silvicultural and 

agrosilvopastoral systems are commonly practiced. In the agrosilvopastoral system, perennial 

woody plants such as willow, mulberry, eucalyptus, and plane trees are cultivated alongside 

crops and livestock (Hossinni, 2015). Based on these sources, it is evident that agroforestry in 

Afghanistan is gradually progressing (Paudel & Shrestha, 2022). 

Discussion 

The agroforestry contributes to climate change mitigation and food security through car-

bon sequestration, soil fertility improvement, water conservation, and biodiversity enhance-

ment, thereby supporting sustainable agricultural systems (Mbow et al., 2014; Garrity et al., 

2010). These environmental benefits are closely linked with socio-economic outcomes, as 

agroforestry systems improve food availability and dietary diversity by providing nutrient-

rich products such as fruits and nuts (Ickowitz et al., 2022), while also strengthening house-
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hold resilience through income diversification (Franzel & Coe, 2001). Together, these studies 

present a converging view that agroforestry delivers integrated environmental and livelihood 

benefits. 

Empirical evidence further supports the critical role of forests and sustainable land-use 

practices in climate change mitigation. A study conducted that using advanced econometric 

modeling (ARDL approach), examined the relationship between renewable energy consump-

tion, agricultural production, forest cover, and CO₂ emissions. The findings revealed that both 

renewable energy use and forest area significantly contribute to reducing CO₂ emissions, 

while agricultural production was identified as a major source of emissions. The study partic-

ularly emphasized that afforestation and forest expansion are among the most effective strate-

gies for carbon reduction. These results highlight the importance of integrating forest-based 

solutions and sustainable agricultural practices into climate mitigation strategies, especially in 

developing countries where agriculture remains a dominant economic sector (Sahar et al., 

2026). 

Contemporary studies suggest that climate-smart agricultural systems, including agrofor-

estry practices, play a significant role in enhancing resilience against climate variability while 

supporting food security and environmental sustainability. Sustainable agricultural strategies 

such as efficient water management, biodiversity conservation, and climate adaptation mech-

anisms are increasingly recognized as essential tools for mitigating the adverse impacts of 

climate change on agricultural productivity and rural livelihoods. Furthermore, integrated 

land-use systems contribute to ecosystem stability, reduce greenhouse gas emissions, and 

strengthen the adaptive capacity of farming communities under changing climatic conditions 

(Sahar et al., 2025). 

However, the extent of these benefits is not uniform across studies. While some research 

reports clear increases in crop yields under agroforestry systems, other studies indicate that 

yield outcomes are highly context-dependent and may remain neutral where management 

practices or species selection are suboptimal (Castle et al., 2021). Similarly, although certain 

studies demonstrate that biodiversity conservation and agricultural productivity can be 

achieved simultaneously, others suggest that this balance is conditional and influenced by sys-

tem design and management intensity (Clough et al., 2011). These contrasting findings indi-

cate that agroforestry performance is shaped by local ecological conditions, technical imple-

mentation, and socio-economic factors rather than representing a universally consistent out-

come. 

The strength of existing evidence is further constrained by methodological limitations. 

More literature relies on short-term or qualitative assessments, with limited availability of 

long-term quantitative data on carbon storage, economic returns, and broader socio-economic 

impacts (Quandt et al., 2023). Differences in research design, scale, and measurement indica-

tors further complicate cross-study comparisons and reduce the generalizability of findings. 

As a result, the overall direction of evidence is positive, the magnitude and consistency of 

agroforestry outcomes remain insufficiently quantified. 

The findings of this review are consistent with global research demonstrating that agrofor-

estry systems can significantly contribute to sustainable agricultural transformation under 

changing climatic conditions. In many developing countries, agroforestry has enhanced adap-

tive capacity by reducing dependency on monocropping systems and increasing resilience to 

climate-induced shocks. Furthermore, the integration of trees within agricultural landscapes 

supports ecological restoration while simultaneously improving household nutrition and rural 
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incomes. These multifunctional benefits make agroforestry a practical strategy for balancing 

environmental conservation with agricultural productivity (Mbow et al., 2014; Garrity et al., 

2010). 

Recent studies in Afghanistan have revealed that human-induced activities such as illegal 

timber harvesting, excessive fuelwood collection, overgrazing, and the expansion of agricul-

tural land have substantially reduced forest regeneration and weakened ecosystem resilience. 

These pressures have adversely affected biodiversity, soil conservation, carbon storage, and 

the sustainable management of natural resources. Nevertheless, sustainable forest manage-

ment strategies, including agroforestry practices, reforestation, assisted natural regeneration, 

and community-based forest management, have demonstrated considerable potential to reha-

bilitate degraded ecosystems, enhance environmental resilience, and support climate change 

mitigation and sustainable food production in vulnerable rural communities of Afghanistan. 

(Iqbal & Khurram, 2025). 

And also, sustainable forest management in Afghanistan emphasize that adaptive silvicul-

tural strategies, assisted natural regeneration, retention forestry, and community-based forest 

management significantly contribute to improving ecosystem resilience, biodiversity conser-

vation, and carbon sequestration under changing climatic conditions. These approaches 

strengthen forest structural complexity, reduce environmental degradation, and enhance the 

adaptive capacity of rural landscapes against droughts, land degradation, and climate-related 

disturbances. Furthermore, integrated forest and agroforestry management systems support 

sustainable land use, improve ecosystem services, and contribute to long-term food security 

and climate change mitigation in vulnerable regions of Afghanistan (Iqbal & Saadat, 2026). 

These limitations are especially significant in the Afghanistan setting, where empirical ev-

idence remains scarce and fragmented (Paudel & Shrestha, 2022). Existing studies provide 

limited guidance for large-scale implementation across diverse agro-ecological zones. Struc-

tural constraints, including weak institutional frameworks, limited financial and technical 

support, and unclear land tenure systems, further restrict adoption (Agrawal et al., 2014). In 

addition, low levels of technical knowledge among farmers limit effective implementation, 

reducing the potential benefits observed in other regions. The absence of context-specific 

models and long-term field-based evidence constrains the ability to evaluate system perfor-

mance under local climatic and socio-economic conditions. Consequently, although the 

broader literature supports agroforestry as an effective strategy, its applicability and effective-

ness in Afghanistan remain insufficiently demonstrated, highlighting the need for context-

driven research and implementation. 

Conclusion 

The reviewed evidence indicates that agroforestry is a sustainable approach for addressing 

climate change impacts while strengthening food security and rural livelihoods. Integrating 

trees with crops and other agricultural activities can support carbon sequestration, soil and 

water conservation, erosion control, and diversified production. These functions, together 

with tree-based products such as fruits, nuts, and honey, can improve food availability, 

household income, and resilience to climate-related stresses. The literature also indicates that 

agroforestry can contribute to the four dimensions of food security—availability, access, utili-

zation, and stability—particularly in climate-vulnerable regions such as Afghanistan. 

In Afghanistan, however, wider adoption remains constrained by limited technical capaci-

ty, inadequate institutional and policy support, restricted market access, and insecure land 
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tenure. Based on these findings, the authors recommend strengthening institutional support, 

farmer capacity building, research, and community-based implementation to enhance the con-

tribution of agroforestry to climate resilience, food security, and sustainable rural develop-

ment. 

Recommendations 

Despite the increasing impacts of climate change on agriculture and natural resources, lim-

ited attention has been given to sustainable climate adaptation strategies in Afghanistan. 

However, the growing threats of land degradation, water scarcity, declining crop productivity, 

and food insecurity highlight the urgent need for effective environmental interventions. In this 

regard, agroforestry presents a promising climate-smart approach that can support climate 

change mitigation, enhance ecosystem resilience, and improve food security. Therefore, 

greater emphasis should be placed on assessing and promoting agroforestry practices to 

strengthen sustainable agricultural development, reduce environmental degradation, and en-

hance the resilience of rural communities in Afghanistan (Safi et al., 2024). 

Agroforestry not only contributes to climate change mitigation through carbon sequestra-

tion but also enhances soil fertility, water conservation, and biodiversity. Furthermore, it sup-

ports sustainable livelihoods by improving agricultural productivity and increasing the resili-

ence of farming communities against climate-related shocks. 

Based on the above findings, the following recommendations are proposed for policymak-

ers, development practitioners, researchers, and local stakeholders to promote effective agro-

forestry implementation in Afghanistan: 

i. Policymakers should integrate agroforestry into national agricultural plans and pro-

vide incentives, financial assistance, and technical support to farmers for the imple-

mentation of agroforestry systems. 

ii. Strong monitoring mechanisms should be established to assess the impacts of agro-

forestry implementation on climate change mitigation, food security, and livelihood 

improvement. Monitoring indicators should include carbon sequestration, crop yields, 

soil fertility, biodiversity, and household income. 

iii. Efforts should be made to build the capacity of farmers and other stakeholders. Train-

ing programs, farmer field schools, and extension services should be implemented to 

disseminate knowledge and empower farmers. 

iv. Local communities should be actively involved in planning, decision-making, and 

implementation processes to ensure that agroforestry practices align with their needs 

and priorities. 

v. Continuous research and innovation are necessary to develop and apply agroforestry 

methods suitable for Afghanistan’s diverse climatic zones and agricultural systems. 

Research institutions, universities, and agricultural development agencies should col-

laborate on studies, pilot projects, and field-based research to promote agroforestry 

expansion. 

vi. Collaboration among government agencies, non-governmental organizations, research 

institutions, and development partners is essential to share resources, exchange 

knowledge, and scale up successful projects. Public–private partnerships can facilitate 

investment in agroforestry projects and strengthen sustainable value chains for agro-

forestry products. 
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vii. Successful agroforestry systems should be expanded and replicated across regions 

with different climatic conditions, as lessons learned from implementation provide a 

foundation for designing and executing future projects. 
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