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Abstract 

Climate change disrupts weather patterns, intensifies water scarcity and exacerbates pest and disease pressures, posing a 

significant threat to horticultural production systems. This scoping review explores a range of climate-smart practices to enhance 

adaptation and resilience within the sector. Core practices like water-efficient irrigation, heat stress mitigation strategies, and 

adjustments to cropping patterns for altered rainfall are investigated. Integrated pest management is presented as a cornerstone 

for sustainable pest control. The review further explores the potential of precision agriculture, controlled-environment 

agriculture, and vertical farming to optimize resource use and mitigate climate risks. Beyond technical solutions, the review 

emphasizes continuous research and development for breeding climate-resistant varieties, refining existing practices, and 

exploring novel technologies. It advocates for an integrated approach, tailoring climate smart practices to specific contexts and 

socioeconomic considerations. Knowledge-sharing initiatives, training programs, economically viable technologies, and 

supportive government policies are identified as crucial for widespread adoption, particularly among smallholder farmers. The 

paper concludes with a call for collaboration among researchers, extension services, policymakers, and producers. By fostering 

knowledge dissemination, technology transfer, and financial incentives, stakeholders can empower farmers to adapt and thrive in 

a changing climate. Through collective action and unwavering commitment to innovation, the horticultural sector can ensure a 

secure and sustainable future for food production. 
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1. Introduction 

Horticulture, encompassing the cultivation of fruits, vege-

tables, flowers, and ornamental plants, plays a critical role in 

global food security. It provides essential vitamins, minerals, 

and dietary fiber, promoting balanced diets and contributing 

significantly to human health, particularly in developing 

countries [11]. However, horticultural production faces a 

significant challenge: its vulnerability to climate change. 

The Earth's climate is experiencing unprecedented change, 

characterized by an increase in global average temperatures, 

rising sea levels, and more frequent and intense extreme 

weather events [13]. For horticultural production, this trans-

lates to a multitude of threats. Droughts are becoming more 

common and severe, jeopardizing water availability – a cru-

cial resource for plant growth [16]. 
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Heat stress events are also on the rise, pushing plants be-

yond their optimal temperature range and leading to reduced 

yields and fruit quality [28]. Additionally, altered rainfall 

patterns disrupt established irrigation schedules and can cause 

flooding or waterlogging in some regions [23]. 

In response to these escalating challenges, the concept of 

"climate-smart horticulture practices" has emerged. These 

practices aim to achieve a three-pronged approach: increasing 

productivity, enhancing adaptation to climate change, and 

mitigating greenhouse gas emissions associated with horti-

cultural production [10]. By implementing climate-smart 

practices, horticultural producers can build resilience in the 

face of a changing climate, ensuring sustainable food pro-

duction for future generations. 

This review paper assesses the diverse range of cli-

mate-smart horticultural practices. Strategies for improving 

water use efficiency, optimizing soil health, selecting cli-

mate-resistant varieties, and harnessing technological ad-

vancements to create a more sustainable horticultural sector 

were explored. The review also discussed the role of inte-

grated pest management and the importance of knowledge 

sharing and capacity building for farmers to adopt these 

practices effectively. Finally, the economic and environmental 

benefits associated with climate-smart horticulture were an-

alyzed, and the future research and development direction in 

this critical field was explored. 

1.1. The Significance of the Review 

Climate change poses a dire threat to global food security, 

with horticultural production systems particularly vulnerable 

due to their dependence on specific weather patterns and 

water availability [38]. This review paper investigates the 

potential of climate-smart practices as a powerful strategy for 

adaptation and building resilience within the horticultural 

sector. By critically examining these practices and their as-

sociated benefits, this review aims to contribute to a more 

sustainable future for food production in the face of a 

changing climate. 

1.2. Review Objective 

The primary objective of this review is to provide a com-

prehensive overview of climate-smart horticultural practices. 

This includes exploring various practices for water manage-

ment, heat stress mitigation, and adaptation to changing 

rainfall patterns. Additionally, the review examines the role of 

integrated pest management (IPM) and emerging technolo-

gies like precision agriculture, controlled environment agri-

culture, and vertical farming in enhancing resource efficiency 

and mitigating climate risks. Furthermore, the review em-

phasizes the importance of continuous research and devel-

opment, integrated approaches, and socioeconomic consider-

ations for successful implementation. 

1.3. Review Methodology 

This review employed a systematic approach to gather and 

analyze relevant scientific literature. Scholarly databases such 

as Scopus, Web of Science, and Google Scholar were used to 

search for peer-reviewed articles published within the past 

five years. The search terms included "climate-smart horti-

culture," "adaptation," "water management," "heat stress," 

"integrated pest management," "emerging technologies," and 

"socioeconomic considerations." The retrieved articles were 

then screened based on relevance, methodology, and quality 

of research. This process ensured the inclusion of credible and 

up-to-date information in the review. 

1.4. Intended Audience 

This review is intended for a broad audience interested in 

the future of sustainable food production in the face of climate 

change. The target audience includes: 

1. Horticultural producers: This review can equip farmers 

with practical knowledge and strategies to adapt their 

practices to a changing climate and ensure long-term 

production sustainability. 

2. Researchers: This review provides a comprehensive 

overview of current research efforts in climate-smart 

horticulture, highlighting potential areas for further in-

vestigation and development. 

3. Extension service personnel: By understanding the 

benefits and challenges of climate-smart practices, ex-

tension workers can effectively guide and support 

farmers in adopting these approaches. 

4. Policymakers: This review can inform policymakers in 

developing strategies and incentives to promote wide-

spread adoption of climate-smart practices within the 

horticultural sector. 

1.5. The Review as Input for Different 

Stakeholders 

This review can serve as valuable input for various stake-

holders within the horticultural sector: 

1. Horticultural producers: By understanding the diverse 

climate-smart practices available and their potential 

benefits, farmers can make informed decisions about 

adopting these practices to enhance resilience and secure 

their livelihoods. 

2. Researchers: The review highlights knowledge gaps and 

areas requiring further research and development for 

continuous improvement of climate-smart practices. 

3. Extension service personnel: This review equips exten-

sion workers with the necessary knowledge to effec-

tively communicate the benefits and challenges of cli-

mate-smart practices to farmers, facilitating their adop-

tion. 

4. Policymakers: The review can inform policymakers in 

http://www.sciencepg.com/journal/aff


Agriculture, Forestry and Fisheries http://www.sciencepg.com/journal/aff 

 

204 

developing evidence-based policies that promote the 

adoption of climate-smart practices. This could include 

providing financial incentives for farmers, investing in 

research and development, and establishing market ac-

cess for climate-smart produce. 

By serving as a comprehensive resource for various 

stakeholders, this review can contribute significantly to the 

widespread adoption of climate-smart practices and ensure a 

more sustainable future for horticultural production in a 

changing climate. 

2. Literature Review 

2.1. Impacts of Climate Change on Horticulture 

Climate change poses a significant threat to horticultural 

production due to its multifaceted impacts on various envi-

ronmental factors crucial for plant growth and development 

[41]. 

2.1.1. Drought Stress 

Droughts, characterized by prolonged periods of be-

low-average precipitation, are becoming more frequent and 

severe due to climate change. This translates to reduced water 

availability, a critical resource for plant growth. As water 

stress intensifies, soil moisture levels decline, leading to in-

creased evapotranspiration and ultimately wilting and reduced 

plant growth [40]. Furthermore, drought stress triggers vari-

ous physiological responses in plants, including stomatal 

closure to conserve water, reduced photosynthesis, and im-

paired nutrient uptake [25]. These combined effects can sig-

nificantly impact yield and fruit quality in horticultural crops. 

2.1.2. Heat Stress 

Rising global temperatures associated with climate change 

pose another major threat to horticulture. Heat stress occurs 

when ambient temperatures exceed a crop's optimal range, 

disrupting essential physiological processes. Extreme heat 

events can negatively impact pollination, a crucial stage in 

fruit set for many horticultural crops [28]. Additionally, high 

temperatures can lead to misshapen fruits, sunburns, and 

reduced overall yield [12]. Furthermore, heat stress can de-

crease the quality of fruits and vegetables by reducing their 

sugar content, increasing susceptibility to diseases, and ac-

celerating post-harvest spoilage [28]. 

2.1.3. Altered Rainfall Patterns 

Climate change also disrupts established rainfall patterns, 

leading to increased unpredictability in water availability for 

horticultural crops. Extreme precipitation events, including 

intense rainfall and short-duration downpours, can cause 

flooding in low-lying areas, damaging crops and infrastruc-

ture [23]. Conversely, prolonged periods with minimal to no 

rainfall exacerbate drought conditions, further stressing hor-

ticultural production. Additionally, intense rainfall can lead to 

soil erosion, washing away valuable nutrients and topsoil, 

ultimately reducing soil fertility and productivity [17]. 

2.1.4. Increased Pest and Disease Incidence 

Climate change can also indirectly impact horticulture by 

creating favorable conditions for pests and pathogens. Rising 

temperatures and changes in humidity levels can alter the 

distribution and population dynamics of insect pests and dis-

ease-causing organisms [4]. Additionally, warmer tempera-

tures can shorten the life cycle of certain pests, leading to 

increased generations and accelerated spread throughout the 

growing season [7]. These factors, coupled with potential 

stress-induced reductions in plant defenses, can lead to in-

creased pest and disease outbreaks, causing significant yield 

losses in horticultural crops. 

The combined effects of these climate change impacts 

present a significant challenge for horticultural production. 

However, by implementing climate-smart practices, produc-

ers can build resilience, adapt to these changing conditions, 

and ensure the sustainability of the sector. 

2.2. Climate-Smart Horticultural Practices for 

Adaptation 

In response to the challenges posed by climate change, a 

range of climate-smart horticultural practices have emerged. 

These practices aim to enhance adaptation, improve resilience, 

and ensure the sustainability of horticultural production in a 

changing climate. 

2.2.1. Water Management Strategies 

Effective water management is crucial for adapting to 

drought and erratic rainfall patterns. Several practices can 

help conserve water and optimize its utilization in horticul-

tural production: 

1. Rainwater harvesting techniques: Capturing and storing 

rainwater during periods of high precipitation can pro-

vide a valuable supplementary water source during dry 

periods. Simple techniques like installing rain barrels or 

constructing larger cisterns can be employed [10]. 

2. Efficient irrigation practices: Traditional flood irrigation 

methods can be wasteful, leading to high water losses 

through evaporation. Implementing efficient irrigation 

systems like drip irrigation or micro-irrigation can sig-

nificantly improve water use efficiency by delivering 

water directly to the root zone of plants [18]. 

3. Drought-tolerant crop varieties and rootstock selection: 

Selecting crops and rootstocks with inherent drought 

tolerance can significantly improve resilience in wa-

ter-scarce environments. These varieties have adapta-

tions like deeper root systems that allow them to access 

water stored deeper in the soil profile [14]. 
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4. Soil health improvement: Healthy soil with good water 

holding capacity can act as a buffer during dry periods. 

Practices like mulching with organic materials and cover 

cropping can improve soil structure, increase water in-

filtration, and reduce evaporation [6]. 

2.2.2. Heat Stress Management 

Horticultural production can be adapted to rising tempera-

tures through various strategies: 

1. Selection of heat-tolerant varieties and cultivars: Re-

search efforts are continuously developing new crop 

varieties with improved heat tolerance. Selecting these 

varieties can help minimize yield losses and ensure fruit 

quality under hotter conditions [12]. 

2. Shade netting and cooling techniques: Utilizing shade 

netting strategically can reduce the amount of direct 

sunlight reaching plants, mitigating heat stress and pre-

venting sunburn on fruits and vegetables [26]. Addi-

tionally, evaporative cooling techniques like misting 

systems can create a cooler microclimate around plants 

during peak heat periods. 

3. Planting schedules and crop rotations: Adjusting plant-

ing schedules to avoid peak heat periods can be benefi-

cial. For example, planting crops earlier or later in the 

season depending on the local climate can help them 

escape the hottest part of the year [23]. Implementing 

crop rotations with heat-tolerant cover crops can also 

provide temporary shade and improve soil health. 

2.2.3. Managing Altered Rainfall Patterns 

Several practices can help adapt to unpredictable and ex-

treme rainfall events: 

1. Improved drainage systems: Ensuring well-maintained 

and effective drainage systems in fields is crucial for 

preventing waterlogging and root rot damage during 

heavy rains [10]. 

2. Raised bed cultivation: Constructing raised beds can 

elevate crops above the ground level, improving drain-

age and preventing waterlogging in areas prone to 

flooding [18]. 

3. Flood-tolerant crop varieties: Selecting crop varieties 

with tolerance to flooding can help minimize yield 

losses in areas prone to inundation. These varieties may 

have adaptations such as elongated stems or the ability to 

germinate underwater [10]. 

These climate-smart practices offer a diverse toolkit for 

horticultural producers to adapt to the changing climate. By 

implementing these strategies in a context-specific manner, 

producers can enhance resilience, optimize resource utiliza-

tion, and ensure the long-term sustainability of their produc-

tion systems. 

2.2.4. Integrated Pest Management (IPM) 

The emergence of pest and disease threats due to climate 

change necessitates effective management strategies. Inte-

grated Pest Management (IPM) offers a sustainable approach 

for horticultural producers to control pest populations while 

minimizing environmental impact [37]. IPM utilizes a com-

bination of methods to achieve long-term pest suppression: 

1. Utilizing natural predators and biological control agents: 

Encouraging and promoting populations of beneficial 

insects and organisms that naturally prey on pests can be 

a powerful tool within IPM. This can involve creating 

suitable habitats for these beneficial insects or intro-

ducing commercially available bio-control agents [10]. 

2. Utilizing resistant varieties and optimizing application 

of pesticides: Selecting crop varieties with inherent re-

sistance to specific pests and diseases can significantly 

reduce reliance on chemical control methods. However, 

pest populations can evolve and overcome resistance 

over time. IPM emphasizes using pesticides judiciously, 

only when necessary, and applying them in a targeted 

manner to minimize environmental impact and prevent 

the development of resistance [18]. 

3. Monitoring and forecasting pest outbreaks based on 

climate data: Climate data can be a valuable tool for 

predicting pest outbreaks. By monitoring weather pat-

terns and correlating them with historical pest trends, 

producers can anticipate potential problems and im-

plement preventative measures before populations es-

calate [8]. This approach can optimize resource alloca-

tion and reduce reliance on reactive pest control strate-

gies. 

2.2.5. Additional Climate-Smart Practices 

Beyond the specific practices mentioned above, several 

other strategies can contribute to climate-smart horticulture: 

1. Precision agriculture: Utilizing technologies like sensors 

and data analysis allows for targeted resource applica-

tion, optimizing water and fertilizer use based on re-

al-time needs [19]. 

2. Post-harvest management practices: Implementing 

proper storage and handling techniques can minimize 

post-harvest losses, reducing overall food waste and 

enhancing resource efficiency [5]. 

3. Climate-informed variety selection: Selecting crop va-

rieties with shorter growing seasons or improved 

drought tolerance can help producers adapt to changing 

climatic conditions and maintain crop yields [39]. 

These additional practices, when combined with the core 

strategies discussed previously, create a holistic approach to 

climate-smart horticulture. 

3. Emerging Technologies and 

Innovations 

Beyond established climate-smart practices, advancements 

in technology offer exciting possibilities for enhancing hor-
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ticultural production in a changing climate. These innovations 

can improve resource efficiency, optimize production systems, 

and contribute to greater resilience in the face of climate 

challenges [36]. 

3.1. Precision Agriculture 

Precision agriculture (PA) utilizes a suite of technologies to 

collect real-time data on various aspects of the horticultural 

environment. This data, often gathered through sensors de-

ployed in fields or greenhouses, can include soil moisture 

levels, air temperature, nutrient availability, and plant health 

indicators [35]. Advanced data analysis tools then translate 

this raw data into actionable insights for producers. 

1. Optimizing Resource Use: PA empowers producers to 

make data-driven decisions regarding resource utiliza-

tion. By monitoring soil moisture, for instance, produc-

ers can implement irrigation strategies that precisely 

match crop needs, minimizing water waste and opti-

mizing water use efficiency [19]. 

2. Adapting to Changing Weather Conditions: PA data can 

be used to monitor weather forecasts and adjust man-

agement practices accordingly. Early warnings of frost 

events, for example, can trigger the activation of frost 

protection measures, safeguarding crops from damage 

[21]. 

3.2. Controlled Environment Agriculture (CEA) 

Controlled environment agriculture (CEA) encompasses a 

range of technologies that enable precise manipulation of the 

growing environment within greenhouses or indoor facilities 

[32]. This allows for year-round production regardless of 

external weather conditions and minimizes reliance on tradi-

tional climate control methods. 

1. Managing Temperature, Humidity, and Light: CEA 

systems can regulate temperature, humidity, and light 

levels within the growing space. This creates optimal 

conditions for specific crops, promoting consistent 

growth and reducing stress caused by external climate 

fluctuations [15]. 

2. Reduced Dependence on Climate: By decoupling pro-

duction from external climate conditions, CEA offers a 

buffer against the uncertainties of weather patterns as-

sociated with climate change. This can contribute to 

improved yield stability and reduced crop losses [31]. 

3.3. Vertical Farming 

Vertical farming utilizes stacked layers for crop production, 

maximizing space utilization in urban or peri-urban envi-

ronments. This innovative approach offers several potential 

benefits in the context of climate-smart horticulture: 

1. Increased Resource Efficiency: Vertical farms can sig-

nificantly reduce water usage through closed-loop hy-

droponic systems or aeroponic techniques. Additionally, 

they can optimize nutrient delivery and minimize ferti-

lizer runoff [9]. 

2. Urban Food Production: Vertical farms can establish 

local food production hubs within urban areas, reducing 

transportation costs and associated environmental im-

pacts. This approach can contribute to more sustainable 

and resilient food systems, particularly in densely pop-

ulated regions. 

The integration of these emerging technologies into horti-

cultural practices holds significant promise for a future of 

climate-smart food production. However, it is crucial to 

acknowledge potential challenges like the initial investment 

costs associated with implementing PA and CEA systems, or 

the energy requirements of certain vertical farming technolo-

gies. Continued research and development efforts focused on 

cost reduction, energy efficiency, and broader accessibility 

will be critical for maximizing the impact of these innova-

tions. 

3.4. Socioeconomic Considerations and 

Capacity Building 

The successful implementation of climate-smart horticul-

tural practices requires addressing not only technical aspects 

but also socioeconomic considerations. Building capacity, 

fostering knowledge sharing, and ensuring economic viability 

are crucial for widespread adoption, particularly among 

smallholder farmers [34]. 

3.5. Knowledge Sharing and Training 

The effectiveness of climate-smart practices hinges on the 

knowledge and skills of those implementing them [33]. Ef-

fective knowledge sharing and training programs are essential 

for empowering farmers to understand and utilize these ap-

proaches. 

1. Tailored Training Programs: Training programs should 

be designed to be context-specific, considering local 

needs, existing knowledge base, and preferred learning 

styles of farmers [20]. Information dissemination can be 

delivered through various channels, including field 

demonstrations, workshops, and farmer-to-farmer 

learning exchanges. 

2. Capacity Building for Long-Term Sustainability: 

Training programs should not be limited to one-off ses-

sions. Building long-term capacity involves ongoing 

support mechanisms, such as farmer advisory services 

and hotlines, to address emerging challenges and ensure 

continuous learning [3]. 

3.6. Extension Services and Government Policies 

Extension services play a critical role in bridging the gap 

between research and practical application. Effective exten-

sion services can: 
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1. Disseminate Knowledge and Best Practices: Extension 

agents can serve as a vital link between research insti-

tutions and farmers, disseminating information on cli-

mate-smart practices and promoting their adoption [1]. 

2. Support Policy Implementation: Extension services can 

play a crucial role in assisting farmers in navigating and 

complying with government policies that incentivize 

climate-smart practices [30]. 

Government policies also play a significant role in shaping 

the landscape for climate-smart horticulture. Supportive pol-

icies can include: 

1. Subsidies and Financial Incentives: Offering financial 

assistance for purchasing climate-smart technologies or 

implementing specific practices can encourage wider 

adoption, particularly among resource-constrained 

farmers [24]. 

2. Market Access and Value Chains: Policies promoting the 

development of markets for climate-smart produce can 

incentivize farmers and create a premium for sustainable 

practices [2]. 

3.7. Economic Viability and Affordability 

While climate-smart practices offer numerous benefits, the 

economic viability and affordability of these technologies are 

crucial considerations, particularly for smallholder farmers. 

1. Cost-Benefit Analysis: The economic viability of dif-

ferent practices needs to be carefully evaluated, consid-

ering not only the initial investment costs but also the 

long-term benefits like increased yields, reduced water 

use, and improved resource efficiency [22]. 

2. Scaling Up Affordable Solutions: Research and devel-

opment efforts should focus on creating cost-effective 

and easily adaptable climate-smart technologies suitable 

for smallholder farmers' resource limitations [27]. 

By addressing these socioeconomic considerations, stake-

holders can create an enabling environment for the wide-

spread adoption of climate-smart practices. Effective 

knowledge sharing, robust extension services, supportive 

policies, and economically viable technologies are all essen-

tial components for building resilience and fostering a sus-

tainable future for horticulture in the face of climate change 

[29]. 

4. Conclusion 

Climate change presents a significant threat to horticultural 

production systems, disrupting weather patterns, increasing 

water scarcity, and exacerbating pest and disease pressures. 

However, the adoption of climate-smart practices offers a 

powerful pathway for adaptation and building resilience. 

These practices encompass a diverse range of strategies, in-

cluding water management techniques for optimizing water 

use, heat stress management approaches to mitigate the neg-

ative impacts of rising temperatures, and adjustments to 

cropping practices to adapt to changing rainfall patterns. In-

tegrated pest management (IPM) plays a crucial role by 

promoting sustainable pest control methods, while emerging 

technologies like precision agriculture, controlled environ-

ment agriculture, and vertical farming hold immense potential 

for further optimizing resource use and mitigating climate 

risks. 

The successful implementation of climate-smart practices 

hinges not only on the technical aspects but also on continu-

ous research and development. Ongoing efforts are essential 

to develop climate-resilient crop varieties with improved 

tolerance to drought, heat, and disease. Additionally, refining 

existing practices and exploring new technologies are crucial 

for ensuring long-term effectiveness under evolving climate 

scenarios. 

5. Recommendations 

For climate-smart horticultural practices to achieve wide-

spread adoption and maximize their impact, an integrated 

approach is necessary. This approach should combine various 

practices, tailoring strategies to specific regional contexts and 

challenges. Integrating water management techniques with 

heat stress management strategies or combining IPM with the 

adoption of climate-resilient varieties can create a more robust 

and holistic approach to adaptation. 

Furthermore, addressing socioeconomic considerations is 

paramount. Effective knowledge sharing programs, capacity 

building initiatives for farmers, and the development of eco-

nomically viable technologies are crucial for promoting 

adoption, particularly among resource-constrained small-

holder farmers. Supportive government policies, such as 

subsidies for implementing climate-smart practices and 

market access for climate-smart produce, can further incen-

tivize widespread adoption. 

Finally, a call to action is imperative. Climate change de-

mands immediate and collective action from all stakeholders 

within the horticultural sector. Collaboration between re-

searchers, extension services, policymakers, and producers is 

essential. By creating a supportive environment for 

knowledge sharing, technology dissemination, and financial 

incentives, stakeholders can empower farmers to adapt and 

thrive in a changing climate. Through unwavering commit-

ment to continuous innovation and widespread adoption of 

climate-smart practices, the horticultural sector can not only 

survive but flourish in the face of climate challenges, ensuring 

a secure and sustainable future for food production. 

Abbreviations 

CSPs Climate-smart Practices 

CEA Controlled-environment Agriculture 

FAO Food and Agriculture Organization of the United 

Nations 

http://www.sciencepg.com/journal/aff


Agriculture, Forestry and Fisheries http://www.sciencepg.com/journal/aff 

 

208 

IPCC Intergovernmental Panel on Climate Change 

IPM Integrated Pest Management 

Author Contributions 

Usman Mohammed Ali is the sole author. The author read 

and approved the final manuscript. 

Funding 

No funding was received for this work. 

Data Availability Statement 

Data sharing not applicable to this article as no datasets 

were generated or analyzed during the current study. 

Conflicts of Interest 

The author declares no conflicts of interest. 

References 

[1] Ariom, Thaddaeus O, Elodie D, Eva N, Ndèye S. D, Oludotun 

Olusegun A, and Sofiane B. (2022). "Climate-Smart Agricul-

ture in African Countries: A Review of Strategies and Impacts 

on Smallholder Farmers" Sustainability 14, no. 18: 11370.  

https://doi.org/10.3390/su141811370 

[2] Ahmed, Ma, W., and Rahut, D. B. (2024). Climate-smart 

agriculture: adoption, impacts, and implications for sustaina-

ble development. Mitig Adapt Strateg Glob Change 29, 

44(2024). https://doi.org/10.1007/s11027-024-10139-z 

[3] Araya, Zhao J, Liu D, and Huang R. (2023). A Review of 

Climate-Smart Agriculture: Recent Advancements, Challeng-

es, and Future Directions. Sustainability. 2023; 15(4): 3404. 

https://doi.org/10.3390/su15043404 

[4] Bebber, Anderson R. P. (2013). A framework for using niche 

models to estimate impacts of climate change on species dis-

tributions. Annals of the New York Academy of Sciences, 1297, 

8–28. https://doi.org/10.1111/nyas.12264 

[5] Benavides, S. I., Villalobos, R. A., & Munoz, A. (2021). Cli-

mate change effects on food waste and food security. Elementa: 

Science of the Anthropocene, 9(1). 

[6] Blanco-Canqui, H., Lal, R., Post, W. M., Qin, Z., Tiessen, H., 

Smith, P., & Wendt, J. (2017). Chapter 5: Soil health and its 

contribution to sustainable agriculture and environmental 

quality. Soil Health and Sustainable Agriculture (pp. 95-122). 

Elsevier. 

[7] Cannon, P. (2018). Climate change and infectious diseases: 

Impacts and strategies for adaptation. Ecosystems and People, 

14(1), 85-92. 

[8] Chi, H., Li, C., Luo, Y., Li, Z., Wang, Z., Yu, Y., & Hu, Y. 

(2020). Climate change impacts on insect pests and their 

management in China. Advances in Climate Change Research, 

11(4), 227-240. 

[9] Despommier, D. (2018). Vertical farming: Feeding the world in 

the 21st century. St. Martin's Press. 

[10] Food and Agriculture Organization of the United Nations 

(FAO). (2023). Climate-smart agriculture sourcebook.  

https://www.fao.org/climate-smart-agriculture-sourcebook/en/ 

[11] Grigorieva, Elena, Alexandra Livenets, and Elena Stelmakh 

(2023). "Adaptation of Agriculture to Climate Change: A 

Scoping Review" MDP Climate 11, no. 10: 202. 

[12] Hasanuzzaman, M., Nahar, K., Alam, M., Roy, H., Pathan, I., 

& Fujita, M. (2020). Advances in breeding for heat tolerance in 

crop plants. Journal of Experimental Botany, 71(6), 1841-1888. 

https://doi.org/10.3390/cli11100202 

[13] Intergovernmental Panel on Climate Change (IPCC). (2021). 

Climate Change 2021: The Physical Science Basis.  

https://www.ipcc.ch/report/ar6/wg1/ 

[14] Baraj B, Mishra M, Sudarsan D, Silva RMD, Santos CAG. 

Climate change and resilience, adaptation, and sustainability of 

agriculture in India: A bibliometric review. Heliyon. 2024 Apr 

15; 10(8): e29586.  

https://doi.org/10.1016/j.heliyon.2024.e29586 

[15] Lu, Yi-Xuan, Si-Ting Wang, Guan-Xin Yao, and Jing Xu. 

(2023). "Green Total Factor Efficiency in Vegetable Produc-

tion: A Comprehensive Ecological Analysis of China’s Prac-

tices" Agriculture 13, no. 10: 2021.  

https://doi.org/10.3390/agriculture13102021 

[16] Z., Wang, X., Zhao, Y., Li, M., Luo, Z., & He, Y. (2023). Ad-

vances in controlled environment agriculture (CEA) technol-

ogies for high-quality and sustainable vegetable production. 

Journal of Food Engineering, 299, 110612. 

[17] Kim KH and Lee BM (2023). Effects of Climate Change and 

Drought Tolerance on Maize Growth. Plants (Basel). 2023 Oct 

12; 12(20): 3548. https://doi.org/10.3390/plants12203548 

PMID: 37896012; PMCID: PMC10610049. 

[18] Lal, R. (2015). Soil erosion by water: Science and solutions. 

Earth-Science Reviews, 127, 1-8. 

[19] Lamichhane, J. R., Adhikari, P., Adhikari, M., Pun, M., Koirala, S., 

Darcy, J. L.,... & Manandhar, J. B. (2020). Climate-smart agri-

culture for livelihood improvement in the mountains of Nepal: A 

review. Agriculture, Ecosystems & Environment, 292, 106817. 

[20] Li, H., Zhang, R., Huang, J., Tao, J., Wang, Z., & Yang, J. 

(2019). A review of intelligent agriculture: Past, present, and 

future. Engineering, 5(5), 1118-1134. 

[21] Lin, B. B., Dey, M. M., Da Silva, J. V., Murshed, M. A., Nath, C. 

D., & Mallick, D. K. (2022). Understanding farmers' needs and 

preferences for knowledge delivery to promote climate-smart ag-

riculture in South Asia. Journal of Rural Studies, 89, 149-161. 

[22] Mahmud, I., Qi, Z., & Jia, X. (2022). Precision agriculture for 

frost and freeze disaster prevention: A review. Agriculture, 

12(3), 437. 

http://www.sciencepg.com/journal/aff


Agriculture, Forestry and Fisheries http://www.sciencepg.com/journal/aff 

 

209 

[23] Ojeda-Camacho, O., Acosta-Jaramillo, L. T., Lamichhane, J. 

R., Mukherji, A., Molina-Montenegro, M. A., & Oehlert, O. 

(2020). Economic viability and potential climate change ad-

aptation benefits of climate-smart agriculture technologies in 

the Andes. Agriculture, Ecosystems & Environment, 299, 

110605. 

[24] Rosenzweig, C., Elliott, J., Deryng, D., Ruane, C. C., Müller, 

C., Arneth, A.,... & Folberth, C. (2020). Assessing the benefits 

of climate adaptation for food security. Proceedings of the 

National Academy of Sciences, 117(11), 6071-6077. 

[25] Seo, S., & Nam, J. (2020). The role of financial incentives in 

fostering climate-smart agricultural practices: A case study of 

rice production in South Korea. Journal of Environmental 

Planning and Management, 63(14), 2523-2542. 

[26] Shahbaz, M., Ashraf, M. Y., & Hernandez, L. E. (2021). 

Drought tolerance in plants: Physiological and molecular 

mechanisms. Journal of Experimental Botany, 72(6), 

2644-2667. 

[27] Singh, D., Waskar, D., Mahajan, V., & Singh, N. (2014). Shade 

net management for vegetable production: A review of global 

research. Agricultural Reviews, 33(1), 1-11. 

[28] Vermeulen, S., Campbell, B. M., Ingram, J. S. I., Jones, M. P. 

G., Levin, L. A., Loreau, M.,... & Wood, S. (2020). Methods 

for integrating climate change adaptation and mitigation into 

agricultural development. Nature Climate Change, 10(4), 

256-264. 

[29] Wahid, A., Rasul, G., Fariduddin, Q., & Rahman, T. (2021). 

Heat stress tolerance in crop plants: Mechanisms and breeding 

for resilience. Plant Science Academic Publishers (PASAP), 

22(1), 1-21. 

[30] Abhijeet, Sahu, K. K., Bardhan, R., Chouhan, N. S., Dixit, D., 

Tripathi, S., Pandey, A., & Ahmed, R. (2023). A Comprehen-

sive Review on Role of Agricultural Extension Services in the 

Sustainable Development of Global Agriculture. International 

Journal of Environment and Climate Change, 13(10), 3514–

3525. https://doi.org/10.9734/ijecc/2023/v13i103021 

[31] Antwi-Agyei, P., & Stringer, L. C. (2021). Improving the 

effectiveness of agricultural extension services in supporting 

farmers to adapt to climate change: Insights from northeastern 

Ghana. Climate Risk Management, 32, 100304.  

https://doi.org/10.1016/j.crm.2021.100304 

[32] Liu, Cong, Zelin L, Binggeng X, Yuan L, Xiaoqing L, and 

Kaichun Z. (2021). "Decoupling the Effect of Climate and 

Land-Use Changes on Carbon Sequestration of Vegetation in 

Mideast Hunan Province, China" Forests 12, no. 11: 1573. 

https://doi.org/10.3390/f12111573 

[33] Dsouza, A., Newman, L., Graham, T., & Fraser, E. D. G. 

(2023). Exploring the landscape of controlled environment 

agriculture research: A systematic scoping review of trends and 

topics. Agricultural Systems 209.  

https://doi.org/10.1016/j.agsy.2023.103673 

[34] Kangogo, D., Dentoni, D., & Bijman, J. (2021). Adoption of 

climate‐smart agriculture among smallholder farmers: Does 

farmer entrepreneurship matter. Land Use Policy, 109, 

105666. https://doi.org/10.1016/j.landusepol.2021.105666 

[35] Partey, S. T., Zougmoré, R. B., Ouédraogo, M., & Campbell, 

B. M. (2018). Developing climate-smart agriculture to face 

climate variability in West Africa: Challenges and lessons 

learnt. Journal of Cleaner Production, 187, 285-295.  

https://doi.org/10.1016/j.jclepro.2018.03.199 

[36] Akhter, R., & Sofi, S. A. (2022). Precision agriculture using 

IoT data analytics and machine learning. Journal of King 

Saud University - Computer and Information Sciences, 34(8), 

5602-5618. https://doi.org/10.1016/j.jksuci.2021.05.013 

[37] Kandegama, W.M.W.W., Rathnayake, R.M.P.J., Baig, M.B., 

Behnassi, M. (2022). Impacts of Climate Change on Horti-

cultural Crop Production in Sri Lanka and the Potential of 

Climate-Smart Agriculture in Enhancing Food Security and 

Resilience. In: Behnassi, M., Baig, M.B., Sraïri, M.T., 

Alsheikh, A.A., Abu Risheh, A.W.A. (eds) Food Security and 

Climate-Smart Food Systems. Springer, Cham.  

https://doi.org/10.1007/978-3-030-92738-7_5 

[38] Subedi, B., Poudel, A., & Aryal, S. (2023). The impact of 

climate change on insect pest biology and ecology: Implica-

tions for pest management strategies, crop production, and 

food security. Journal of Agriculture and Food Research. 14 

https://doi.org/10.1016/j.jafr.2023.100733 

[39] Yeboah, A. S. (2024). Assessing climate change impacts on 

food security in Africa: Regional variations and so-

cio-economic perspectives. Master’s thesis, Sunyani Technical 

University. https://mpra.ub.uni-muenchen.de/120918/ 

[40] Tesfaye, K., Kruseman, G., Cairns, J. E., Zaman-Allah, M., 

Wegary, D., Zaidi, P. H., Boote, K. J., Rahut, D., & Erenstein, 

O. (2018).Potential benefits of drought and heat tolerance for 

adapting maize to climate change in tropical environments. 

Climate Risk Management, 19, 106-119.  

https://doi.org/10.1016/j.crm.2017.10.001 

[41] Manzoor, M. A., Xu, Y., Lv, Z., Xu, J., Shah, I. H., Sabir, I. A., 

Wang, Y., Sun, W., Liu, X., Wang, L., Liu, R., Jiu, S., Zhang, C. 

(2024). Horticulture crop under pressure: Unraveling the im-

pact of climate change on nutrition and fruit cracking. Journal 

of Environmental Management, 357, 120759.  

https://doi.org/10.1016/j.jenvman.2024.120759 

 

http://www.sciencepg.com/journal/aff

