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Abstract
Agriculture, especially the development of specialty crops, is greatly impacted by climate change.  The consequences on high-value fruits, nuts, and herbs are examined in this research, with a focus on the difficulties in rural and emerging regions.  Climate change can have an impact on specialty crops' quality, productivity, and economic feasibility.  Significant risks include shifting patterns of temperature and precipitation as well as rising rates of pests and diseases, which might affect food security and economic stability.  Reducing these effects can be achieved by integrating smart systems, such as sensor technologies and precision agriculture.  By enabling real-time environmental condition monitoring and adjustment, these technologies improve crop management techniques and maximize resource use. The significance of developing resilience through creative farming methods, sustainable practices, and thorough research is emphasized in this paper.  Using these tactics ensures long-term productivity and economic stability by shielding farmers' crops from the negative effects of climate change.
Keywords
Climate, Economic Stability, Increased productivity, Smart systems
Introduction
On a global level, climate change is one of the most important issues facing the globe and is at the center of conversations and debates about environmental change [1,4,5]. The term "climate change" refers to a shift in Earth's typical temperature, according to the National Aeronautics and Space Administration (NASA). The Intergovernmental Panel on Climate Change (IPCC) [2,6,7] has provided a more scientific definition of climate change as a change in the Earth's climate that is observable (through statistical tests) by changes in the mean and/or fluctuation of its characteristics and that lasts for long periods of time, usually decades or more. This shift could result from long-term human-caused changes in the composition of the atmosphere or land usage, external forces, or natural internal processes. The agriculture industry is undoubtedly affected by this shift, and farmers who grow specialty crops in rural and emerging regions struggle to adjust to these shifting climate conditions.  Their earnings and production expenses may be greatly impacted by these conditions since they upset the delicate balance needed to grow specialty crops.  Temperature, soil fertility, and the water cycle are all impacted by shifting climatic patterns, which can have a big effect on agricultural output [3,8,9].  This frequently leads to lower agricultural yields, quality, and nutritional content, which has detrimental effects on food security and regional economic stability.  Because of these crops' susceptibility to climate variability, adaptive methods are necessary to protect the agricultural industry from the growing dangers posed by climate change [10,11,12,29].
There may be a way to lessen the impact of climate change on crop productivity, though.  By incorporating intelligent systems, such sensor technology and precision agriculture, farmers can become more resilient to future events and changes [13,14,15,28]. Real-time monitoring and environmental condition adjustment are made possible by these smart systems, which also optimize resource use and improve crop management techniques with increased accuracy and effectiveness.  By employing these systems, farmers may better adapt to short-term climate shifts and plan and prepare for long-term trends, guaranteeing agricultural productivity and sustainability in spite of the difficulties. Incorporating such cutting-edge technologies into farming operations represents a shift toward more resilient and sustainable farming practices, which are crucial for guaranteeing the survival and prosperity of specialty crop production in a more unpredictable climate future [16,17,18,27].
Building Resilience in the Production of Specialty Crops is Imperative
 In the face of growing problems brought on by climate change and other environmental stressors, it is crucial for contemporary agriculture to ensure the sustainability and viability of high-value specialty crops like citrus fruits, avocados, berries, and almonds.  These crops are vulnerable in different ways, and each has a distinctive economic and nutritional significance.  For instance, citrus fruits are vulnerable to diseases and pests like Huanglongbing (HLB), also referred to as citrus greening [4,19,25], which emphasizes the critical need for resilient farming methods.  Because the only way to mitigate the disease is to remove the affected trees, it causes green, deformed, and bitter fruits and eventually kills the tree [5,20,21,26]. Once a tree is infected, there is no cure for this disease. Their output may be lost or reduced, endangering the food supply and having a significant economic impact on both domestic and international markets.  Building resilience in specialty crop production, then, is about safeguarding a vital part of the global food chain, ensuring community livelihoods, and sustaining economic stability in the face of environmental disruptions. It goes beyond protecting specific species [22,23,24].  
The Function of Intelligent Systems in Resolving Climate Change Issues
 A growing number of people are interested in using smart systems [30,31] to mitigate the consequences of climate change. These systems leverage modern technologies like robotics, AI/ML, and the Internet of Things to improve agricultural methods and increase crop yield [32,33,34].  In reaction to climate change, smart systems enhance agricultural resilience by maximizing resource utilization, reducing environmental impact, and raising yields and quality.  These systems use real-time data collection and powerful analytics to understand the data, which helps farmers make more informed decisions about the accuracy of agricultural inputs.  The ability of smart systems to optimize energy and water use is one of their benefits; this helps to minimize waste and conserve resources. Precision farming methods incorporate intelligent technologies that forecast the precise amounts of water and nutrients required for crops using models driven by artificial intelligence [35,36,37].  Moreover, IoT-enabled sensors, a crucial component of precision farming, continuously track weather and soil moisture in real time.  Crop failure is less likely thanks to this data-driven strategy, which guarantees that crops get the ideal amount of water at the appropriate time while lowering the dangers of overwatering or underwatering [38,39,40].
 To evaluate the moisture content, nutrient levels, and general health of the soil, farmers can also install intelligent devices for soil quality analysis [33,41].  This allows farmers to more accurately administer herbicides and fertilizers, lowering the possibility of misuse and minimizing greenhouse gas (GHG) emissions and hazardous discharge into water bodies. These systems' predictive algorithms foresee the best use of inputs by analyzing both historical and current data, increasing resource efficiency and encouraging greener habits.  Automation and robotics further improve input application precision by lowering labor costs and advancing sustainable farming.  These intelligent systems also increase crop output and resilience by employing machine learning algorithms to forecast probable hazards, including insect infestations or disease outbreaks, enabling farmers to take preventative action and shield crops from potential harm [42,43].
The Climate Resilient/Climate Smart Horticulture (CSH) concept
1. CSH has surfaced as a means to strengthen and unite the global framework for climate change adaptation and mitigation [44].
2. CSH addresses food security in tandem with the economic, social, and environmental facets of sustainable development and the problems caused by climate change [45].
3. More precisely, CSH is an integrated strategy that takes into account local circumstances to create the technological, policy, and investment prerequisites for sustainable agricultural development [46].
4. Farmers may not be aware with the practices, policies, and institutions that CSH brings together, but they are utilized in the context of climate change [47].
The Value of Climate-Resilient Horticulture
 The most vulnerable industry to climate change is horticulture because of its enormous scale and sensitivity to weather conditions, which have a significant negative economic impact.  Climate variables like rainfall and temperature variations have a big impact on agricultural yields. Depending on the crop, location, and degree of parameter change, the effects of CO2 fertilization, rising temperatures, and fluctuating precipitation differ [48,49]. While an increase in precipitation is likely to counteract or lessen the effects of rising temperatures, it has been discovered that rising temperatures decrease yield.  Crop productivity is dependent on crop type, climate scenario, CO2 fertilization effect, and adaptability skills as influenced by atmospheric factors as shown in Iran [50,51]. Global food security and agricultural practices face previously unheard-of difficulties as a result of climate change.  Significant risks are faced by the horticulture sector as temperatures rise, weather patterns grow more unpredictable, and extreme events occur more frequently. But in order to maintain livelihoods, ensure the availability of wholesome food, and protect the environment, horticulture must embrace climate-resilient approaches [52,53]. A fundamental part of human well-being is horticulture, which involves the production of fruits, vegetables, flowers, and decorative plants. As abundant providers of vital nutrients, fruits and vegetables lower the risk of chronic diseases and promote a healthy diet. In addition, horticulture promotes regional and international trade, gives farmers financial opportunities, and aids in rural development.  Horticulture is impacted by climate change in a number of ways.  Crop growth and development may be impacted by rising temperatures, which could result in lower yields and worse quality [54,55,56].
 An essential part of horticulture techniques, irrigation is made more difficult by altered precipitation patterns and growing water constraint.  Storms, floods, and droughts are examples of extreme weather events that can seriously harm infrastructure and agriculture.  Furthermore, when the climate changes, pests and diseases may spread, impacting the yield and health of plants [57,58,59]. In order to minimize hazards and maximize productivity, horticulture can adjust to a changing climate by implementing climate-resilient strategies.  Increased plant and farming system resilience to climate stressors is the main goal of climate-resilient horticulture.  Using crop types that are climate resilient, effective water management strategies, enhanced soil health practices, and integrated pest management are all examples of this.
Climate-resilient horticulture promotes environmental sustainability in addition to ensuring food production [60,61]. Horticulture may play a significant role in reducing greenhouse gas emissions, conserving water, and fostering biodiversity, all of which are key components of climate change mitigation. In order to mitigate the effects of climate change, agroforestry, intercropping, and sustainable soil management techniques improve soil fertility and sequester carbon.  Additionally, maintaining and reviving biodiversity in horticulture systems enhances ecological services like nutrient cycling, pollination, and pest control.
Novel Techniques and Technologies
 In order to assure climate-resilient and sustainable development, the horticulture sector is adopting cutting-edge methods and technology as the globe grapples with the effects of climate change [62]. Horticulturists are discovering methods to minimize their environmental effect while adapting to shifting climatic conditions by incorporating state-of-the-art technologies. The secret to building a more sustainable and greener future lies in these creative methods.  The idea of climate-smart agriculture is one of the noteworthy developments in climate-resilient horticulture [63]. This strategy maximizes resource efficiency and boosts productivity by fusing data-driven technologies with sophisticated farming methods. By monitoring and controlling soil moisture, temperature, and nutrient levels, farmers can apply fertilizer and water more precisely and strategically thanks to precision farming and sensor technologies [64]. Drones and satellite imagery can also be used to detect disease outbreaks or areas of stress, offering important insights into crop health.  Crop cultivars that are resistant to heat and drought are another noteworthy breakthrough.  Breeders of plants are working hard to create hardy cultivars that can tolerate high temperatures and water shortages [65]. Horticultural systems may become less susceptible to climate-related stressors and yield more thanks to these new cultivars. Researchers are speeding up the creation of climate-resilient crops by using marker-assisted breeding and genetic engineering methods [67]. Horticulture is being revolutionized by vertical farming and controlled environment agriculture, which allow for year-round production in metropolitan areas.  These methods grow crops in controlled environments by using indoor areas, including greenhouses or high-rise buildings [66]. Vertical farming lessens the need for natural resources and lowers the transportation sector's carbon footprint by offering systems for optimal lighting, temperature, and fertilizer delivery [68]. Because the crops are cultivated in a protected and regulated environment, it also lessens the risks associated with pests and harsh weather events. Sustainable horticulture also requires water-efficient methods, such as drip irrigation, which reduces waste and increases water-use efficiency; rainwater harvesting and storage systems, which collect and store rainfall to ensure a sustainable water supply during dry spells; and hydroponics and aquaponics, which grow plants in nutrient-rich water without soil, which further minimize water consumption and allow for year-round cultivation [75]. In horticulture, agro ecology and permaculture are cutting-edge methods that support biodiversity preservation and ecological balance. By using natural pest management techniques like companion planting and beneficial insects, farmers can improve ecosystem resilience and lessen their dependency on artificial pesticides.  Utilizing organic methods, such as cover crops and compost, enhances soil health, stores carbon, and reduces greenhouse gas emissions [69].
Urban greening and the general sustainability of horticultural systems are improved by ecological landscaping and sustainable urban agriculture projects [70]. Facilitating farmers' access to markets and establishing sustainable supply chains are essential for promoting sustainable horticulture. Short food supply chains and direct farmer-consumer contacts guarantee farmers fair prices while lowering the environmental effect of long-distance transportation [71].
Prospective Developments and Integration of Smart Systems
 1. Using nanotechnology to produce crops:  In agriculture, nanotechnology refers to the use of nanoscale tools and materials, such as nanosensors, to track and control agricultural operations.  By detecting even the smallest changes in soil, plants, or the microclimate, these sensors can provide information on disease presence, nutrient availability, and moisture levels. A major advancement in disease detection may result from the integration of nanotechnology, particularly for crops with less obvious root systems like carrots [73,74].  These molecular-level sensors that can identify disease indicators present encouraging opportunities for early detection of illnesses like cavity spots, black rot, and root knot in crops like carrots and beetroots, even before any outward signs show up.  Crop losses could be greatly decreased by this early discovery, which is essential for prompt intervention.
2. LiDAR Technology: Light Detection and Ranging (LiDAR) technology uses laser light to measure distances to the Earth's surface, creating precise, three-dimensional information about the shape of the land and its surface characteristics [72]. This technology can potentially transform agricultural practices by providing detailed topographical, plant health data and other vital indicators. Its application in precision agriculture can be integrated into drone technology to survey agricultural lands to enhance crop monitoring and management, enabling more effective use of resources and improved crop yields.
3. Digital Twin for Crop Simulation: In agriculture, a digital twin is a virtual representation of a farm, its crops, and the surrounding environment. It can be integrated with machine learning and real-time data to simulate and forecast how crops will react to different circumstances, such as pest infestations or weather changes.  Digital twins could be effective tools for farmers to envision possible climate change impacts and implement adaptation strategies by modeling the effects of climatic changes on agricultural productivity [76].  The advantage of incorporating digital twins into farming operations is that they offer a risk-free setting for testing and improving farming techniques.  These systems offer insights for scenario simulation and decision support by modeling different scenarios (such shifts in weather patterns, pest outbreaks, or resource availability).
4. Seeking Low-Cost Alternatives: Implementation costs are a barrier to the broad use of smart agricultural technologies.  Focus must be placed on creating affordable substitutes that small-scale and resource-constrained farmers can use [77]. Cost-effective sensor technology advancements, open-source data management systems, and reasonably priced remote monitoring systems may be crucial in democratizing access to these cutting-edge resources.
Challenges and Considerations
Smart System Technologies' Cost and Availability
The initial investment cost of smart agriculture technologies is one of the main obstacles to their adoption. Multiple hardware integration and software infusion are frequently needed for these systems in order to enable hardware device interconnection [78]. The majority of small-scale farmers in rural areas are unfamiliar with this technique. The upfront payment option is a financial burden that tech-savvy farmers might not be able to handle because high-tech systems like sensor networks, remote monitoring equipment, and precision irrigation controllers demand a significant financial outlay [79].
Data Security and Privacy Issues
Smart agricultural systems' popularity and effective adoption are based on their dependability.  A failure in such a system would result in decreased crop yield and financial losses, as well as a loss of hope for future integration, especially for first-timers who may view the adoption as risky [80,81]. This is because farmers rely heavily on these systems to make informed decisions about irrigation, nutrient application, and pest control.  Thus, the secret to gaining farmers' trust is to make sure these technologies are strong and dependable. These deployments, particularly when sensors and IoT devices are combined, generate a lot of data, including sensitive data like field location (using geotags) and Personal Identifiable Information (PII). They may also unintentionally record nearby properties or expose proprietary cultivation methods, which farmers may be concerned about the ownership and confidentiality of when they share their data with outside parties like pest management companies or agricultural consultants [82].
Conclusion
In addition to being crucial for the future of food supply, climate-resilient and sustainable horticultural development is also critical for environmental preservation and economic growth.  The horticulture sector may lessen the effects of climate change while maintaining the long-term sustainability of its operations by embracing cutting-edge methods and technology, putting sustainable practices into place, and encouraging cross-sector cooperation [83,84,85,86]. In order to promote climate-resilient and sustainable horticulture, governments, international organizations, academics, farmers, and consumers must collaborate. Important steps in this direction include funding research, offering farmers technical support, and developing market incentives for sustainable goods.  We can create a more resilient, just, and ecologically friendly world by fostering a greener future via climate-resilient and sustainable gardening. In order to increase specialized crop production's resilience to the difficulties presented by climate change, smart system integration is essential. These technologies, such as sensor networks and precision agriculture, enhance crop management techniques, maximize resource use, and provide real-time monitoring.  Implementing them is essential for preserving high-value commodities like fruits, nuts, and herbs' production, quality, and economic viability especially in rural and developing regions.  Given these advantages, there is an urgent need for further funding and development for smart agriculture technologies [87,88]. To develop these breakthroughs and make them available to farmers worldwide, stakeholders including governments, the commercial sector, and academic institutions must work together. Farmers will be well-prepared to fend off the negative effects of climate change thanks to our combined efforts. The production of specialized crops could be significantly reduced by using smart technologies to mitigate the effects of climate change. Using these technologies can help farmers become more resilient, sustainable, and productive.  A proactive approach to ensuring future global food security and economic stability, adopting smart agriculture is not only a calculated reaction to the current climatic challenges [89,90].
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