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ABSTRACT 

	The Earth's climate system is undergoing a rapid transformation due to human activities, leading to climate change at an unprecedented pace. The detrimental effects of climate change on global agriculture, particularly in vegetable cultivation, have become increasingly apparent over the past four decades. Soil erosion and pollution have depleted nearly one-third of the arable land, worsening vegetable crop vulnerability to climatic extremes and environmental stresses. Temperature fluctuations, water scarcity, flooding, drought, salinity, and increased pest and disease pressures present significant challenges to vegetable farmers, resulting in crop failures, lower yields, and compromised quality. Moreover, the decline in pollinator populations due to adverse climatic events and habitat loss threatens the pollination-dependent vegetable supply. Smallholder farmers, particularly those heavily reliant on vegetable cultivation, are disproportionately affected by these climatic changes. Their livelihoods are at stake, demanding urgent adaptation and mitigation strategies. Effective measures such as agroecological practices, crop diversification, water management techniques, and the promotion of durable crop varieties can enhance the adaptive capacity of small-scale vegetable farmers. Furthermore, strengthening local institutions, providing access to climate-smart technologies, and encouraging market linkages can enhance the resilience of vegetable-based livelihoods in the face of climate change. Addressing the obstacles posed by climate change necessitates immediate and synchronized measures at the local, national, and international scales. It is imperative to prioritize mitigation endeavors that aim to curtail greenhouse gas emissions in order to restrict further global warming and alleviate the potential severity of future consequences.
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1. INTRODUCTION 

Agriculture is heavily influenced by the climate. The growth of most vegetables is highly sensitive to extreme weather conditions. High temperatures and low soil moisture are the primary factors that lead to low yields. These conditions have a significant impact on various physiological and biological processes, including reduced photosynthetic activity, altered enzyme and metabolism functions, thermal tissue damage, decreased pollination, and fruit set. Furthermore, these effects will be exacerbated by climate change. The traditional definition of climate is the average and variability of the relevant atmospheric variables, such as temperature, precipitation, humidity, sunshine hours, cloud cover, pressure, drought, salinity, flooding, light, soil erosion, wind velocity, and sea level rise. Any modification to one parameter has a direct or indirect impact on the other. Changes in climate have an impact on how severely vegetable crops are stressed by the environment. The response of plants to environmental pressures is affected by the growth stage of the plant, along with the length and severity of the stress. Changes in climate parameters especially temperature and precipitation in particular, have a very strong influence on the insect’s physiology and behavior, particularly development, reproduction and survival (Kumar et al., 2016). During 1901-2020, The average worldwide temperature has risen by 0.99ᵒC and is expected to rise even more, ranging from 1.6-5.8ᵒC. Additionally, the concentration of CO2 is projected to increase between 550 to 850 ppm by the conclusion of the 21st century. (IPCC. 2023). Climate change signifies the extreme weather events have been a great danger to the globe (Bates et al., 2008). Since vegetables are the only food source for vitamins, minerals, and other nutrients, they play a significant role in a person's diet. In addition to their higher market value, these crops also provide favorable financial returns for the farmer. Similar to other agricultural produce, they are also affected by the repercussions of climate change, such as global warming, alterations in seasonal and monsoon patterns, as well as biotic and abiotic factors. Climate change can commonly cause crop failures, decreased yields, lower quality, and an uptick in pest and disease challenges, all of which can render vegetable farming unprofitable. Drought and salinity are the two primary consequences of increasing temperatures that pose challenges to vegetable cultivation (Ayyogari et al., 2014). Although elevated levels of CO2 can initially enhance crop productivity, this benefit diminishes over time. The thinning of the ozone layer caused by oxygen and sulfur dioxides permits detrimental UV rays to penetrate the atmosphere. Additionally, human-induced air pollutants like CO2, CH4, and CFCs contribute to the phenomenon of global warming. (Meena et al., 2018).
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Figure 1: GHG emissions (Mt CO2-equivalent) from different sectors.
Figure 1: a variety of the resources and requirements of each nation, the various economic sectors' carbon emitters differ greatly on a regional level. In the world, 76% of greenhouse gas emissions are CO2. The industries with the highest emissions are Transportation (14%), Buildings (6%), Agriculture (24%), Industry (21%), Electricity and Heat (25%), and Other Energy (10%). Carbon emissions have a substantial impact on the progression of climate change, accounting for approximately 33% of the overall worldwide greenhouse gas emissions. As we continue to release these emissions, the likelihood of severe consequences for both humanity and the environment increases. (Anonymous. 2022).
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Figure 2: Per cent share of the five major CO2 emitting countries.

Figure 2: China, the United States, India, Japan, and Russia are the top five nations in terms of carbon dioxide emissions. In 2020, China took the lead as the largest emitter of carbon dioxide, releasing a staggering 11.680 gigatons (Gt) or 11,680 million metric tons (Mt) of CO2. This accounted for 35.4% of the global emissions. Following closely behind, the United States contributed 19% of the world's CO2 emissions, releasing 4,535.30 Mt. India secured the third position, emitting 2.849 Gt or 2,411.73 Mt of CO2, making up 8.9% of the total emissions. These figures highlight that India's contribution accounted for 7.9% of the world's total emissions. Additionally, Russia emitted 1,674.23 Mt and Japan emitted 1,061.77 Mt of CO2. Collectively, these top five countries were responsible for over 60% of the global carbon dioxide emissions. (Anonymous. 2022). Tillage speeds up the process of soil organic carbon oxidation, leading to the release of significant quantities of CO2 into the atmosphere (Prior et al., 2000; La Scala et al., 2006). Globally, fertilized soils emit over two billion tonnes of CO2 equivalent greenhouse gases annually (Smith et al., 2007). 1. Nitrogenous fertilizers usually lead to the release of 1-2% of the nitrogen applied as N2O. (Muller 2009; Niggli et al., 2009; Sartaj et al., 2013). 1. In 2019, India emitted 2.616 million metric tons of carbon dioxide, making it the third-largest emitter in the world. The country's industrialization and use of coal and solid fuels have caused this emission to double since 2009. Because using coal is less expensive than importing gas, its share of electricity generation increased from 68% in 1992 to 75% in 2015. India's emissions are also influenced by deforestation, agriculture, and waste management. The primary causes of the fast increase in emissions are the population and the economy (Anonymous. 2022).
2. IMPACT OF CLIMATE CHANGE ON VEGETABLE PRODUCTION
Every plant has specific environmental needs. A crop has to be grown in an environment that satisfies these requirements in order to reach its maximum potential yields. If a crop is well suited to its growing environment or climate, it can be grown with minimal changes. Lower plant yields can be caused by stress from unfavorable environmental conditions. To accommodate the needs of the crop in such circumstances, the environment may be artificially altered as in greenhouses.
Due to human activities like industrialization, deforestation, urbanization, and driving, among others, climate change is unavoidable and now poses a risk to human life (Rakshit et al., 2009).

Agriculture plays a vital role in upholding the general well-being of society. It covers a significant portion of the Earth’s land surface, utilizing a substantial 40% of it. Furthermore, it is responsible for utilizing a staggering 70% of the world’s water resources. Additionally, agriculture also plays a vital role in managing biodiversity at various levels, including genetic, species, and ecosystem levels. The world’s agricultural productivity has increased at an unprecedented rate since 1950 due to the use of inorganic fertilizers and pesticides, expansion of irrigation facilities, high-yielding crop varieties, capital-intensive farm management, and these factors. Thus, there exists a relationship between climate change and agriculture, two global processes. The rise in global temperatures is expected to have a substantial impact on factors such as carbon dioxide levels, glacial melting, precipitation patterns, and the complex interactions among these variables. (Wani et al., 2010).

While vegetables are essential for maintaining food and nutritional security, their high perishability and rapid price increases during natural disasters like droughts and floods make them unaffordable for the poor. Small and marginal farmers, especially those who primarily grow vegetables, may be more affected by climate change. Adverse effects of climate change such as crop failures, reduced yields, deteriorating quality, and a rise in pest and disease issues often lead to unprofitable vegetable farming. (Lal et al., 2014).

The anticipated decrease in crop production is 17% because of drought, 20% because of salinity, 40% due to high temperatures, and 15% due to low temperatures. (Ashraf et al., 2008). The production of vegetables is encountering growing challenges due to shifting climate patterns, especially within tropical regions. Some of the risks involved are alterations in rainfall distribution, heightened UV radiation levels, escalating atmospheric temperatures, and a surge in the occurrence of severe weather phenomena such as floods and droughts (Spaldon et al., 2015).


3. FACTORS RESPONSIBLE FOR CLIMATE CHANGE: 
Climate change factors such as temperature, moisture, and atmospheric composition have the potential to influence the quality of crops by affecting disease occurrence, crop yield, and insect pests, both directly and indirectly. The primary constraints on vegetable production will arise from the intensity of environmental pressures, including extreme temperatures, limited water availability, waterlogging, salinity, and various other factors.
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Figure 3: Factors responsible for climate change


3.1 Heat Stress 
It is anticipated that there will be a global climate change, resulting in a projected increase of 1.8-4.0°C in the average atmospheric temperature worldwide by the conclusion of the twenty-first century. This temperature rise is contingent upon the developmental pathways chosen by different countries. (IPCC, 2023). Seed germination and reproductive growth of vegetable crops, including tomato, pepper, cauliflower, cabbage, and potatoes, are highly susceptible to heat stress periods. Unless production is relocated to colder regions or cooler seasons, it is likely that yield reductions will take place. Vegetables are susceptible to heat stress during their growing season, and climate change will make crops in this region more susceptible to heat stress. Vegetable crops such as tomatoes, peppers, cauliflower, cabbage, and potatoes exhibit heightened vulnerability to heat stress during both seed germination and reproductive growth stages. Unless production is moved to cooler production regions or to cooler periods of the year, yield reductions are likely to occur.
3.2 High temperature
The continuous rise in temperatures leads to various morpho-anatomical changes in plants, which in turn affect multiple aspects including pollen viability, gametic fertilization, fruit setting, fruit size, weight, quality, seed germination, and plant growth. The most significant impact of climate change on vegetable production arises from the fluctuations in daily mean maximum and minimum temperatures, as a multitude of physiological, biochemical, and metabolic processes in plants are reliant on temperature (Ayyogari et al., 2014). Most vegetables thrive and reach their optimal growth when exposed to temperatures ranging up to 25°C. However, excessive heat can lead to injuries that ultimately decrease productivity. Temperature either directly or indirectly affects the development of flowers and fruit abortion, which in turn affects the dry matter division between fruits and vegetative plant parts. (Hazra et al., 2007). The inhibition of fruit set in pepper plants was observed when subjected to high temperatures after pollination. However, it was found that the viability of pistils and stamens remained unaffected by high temperature exposure during the pre-anthesis stage. These results indicate that the process of fertilization is sensitive to the stress caused by elevated temperatures Erickson and Markhart (2002). The survivability and reproduction of certain crucial parasites and predators, such as Trichogramma in vegetables, will be adversely impacted by elevated temperatures. (Peter, 2008).  It has been recorded that in the event of an early Phytophthora infestans outbreak, the potato crop may become infested. (Potato late blight), the entire crop may be destroyed under high temperature conditions. (Caubel et al., 2012). 
3.3 Low temperature
Low temperatures, such as freezing and chilling temperatures, can cause damage to plants, with the degree of damage varying greatly depending on the crop. Vegetables can experience chilling injury when exposed to temperatures between 0°C and 10°C, as well as freezing injury when temperatures drop below 0°C. These temperature extremes can result in significant damage to crops.. When ice crystals are formed from cytoplasmic water, freeze injury causes the cell wall of the plant to rupture and destroys other cytoplasmic components. Temperate vegetables are generally more tolerant of cold temperatures compared to tropical and subtropical vegetables, which are at a higher risk of being damaged by chilling and freezing (Pramanik et al., 2020). Decreased temperatures (reaching 8–12°C) have been proven to lower the percentage of tomato fruit set, slow down pollen tube growth, and inhibit seed germination. (Pardossi et al., 1988).
3.4 Waterlogging/Flooding
Waterlogging poses a significant problem that impacts the development and productivity of crops in regions with low-lying rainfed areas. Plants that are submerged in water exhibit wilting despite being surrounded by an abundance of water due to oxygen deprivation, which affects nutrient and water uptake. The lack of oxygen causes a shift in the energy metabolism from aerobic to anaerobic mode. (Sairam et al., 2008). Heavy rainfall is another factor that threatens vegetable production. Excessive water levels can lead to a decrease in oxygen availability in the root zone, hindering aerobic processes. Flooding can result in the accumulation of endogenous ethylene in tomato plants, causing damage. Droughts and heat waves may make plants more susceptible to infections, while storms can enhance spore dispersal through wind. Additionally, floods can aid in the dissemination of water-borne pathogens. (Pautasso et al., 2012).

3.5 Salinity
Various parts of the world struggle to grow crops, including vegetables, as a result of high levels of soluble salts in the soil, especially in arid and semi-arid areas. (FAO, 2002). Various morphological traits have been noted to undergo alterations due to salinity stress, leading to a reduction in nearly all growth parameters, including plant height, shoot and root fresh and dry weights, total leaf area, yield, and certain quality attributes in tomato plants (Eraslan et al., 2008). All cucurbits experience a decrease in weight, whether they are fresh or dry, when they are subjected to high levels of salt. A decrease in both the total chlorophyll content and the relative water content is linked to these changes (Baysal et al., 2004). In bean plants, salinity stress results in reductions in stomata conductivity, quantity, and size as well as growth and photosynthesis activity. In bean plants affected by salinity, it decreases transpiration and the cell water potential (Kaymakanov et al., 2008). Saline conditions caused a decrease in fruit yield in mature tomato fruit, but an increase in sucrose and the activity of sucrose phosphate synthase (Chookhampaeng et al., 2008).  Tomato plants that are exposed to excessive salt also experience osmotic shock and an ionic imbalance. Ciobanu and Sumalan (2009).
3.6 Drought
Drought stands as the primary factor contributing to famine and impacting global food security. Vegetables, known for their succulent nature, are particularly vulnerable to water stress. The combination of high temperatures and reduced precipitation due to climate change will diminish irrigation water supply while increasing evapotranspiration. Consequently, this will lead to significant crop water stress, resulting in lower vegetable yields and quality. Drought also elevates soil salt concentration, affecting the reverse osmosis process and causing water loss from plant cells. This causes more water to be lost from plant cells and inhibits a number of physiological and biochemical processes, including respiration and photosynthesis, which lowers the productivity of most vegetables Pena R and Hughes (2007). Insufficient moisture levels, commonly referred to as drought stress, can greatly hinder plant growth and establishment in the initial stages.. Both expansion and elongation are impacted (Anjum et al., 2003). The occurrence of drought conditions has a negative impact on potato tuber sprouting and the sprouting of seeds in vegetable crops such as onion and okra. (Arora et al., 1987). Water stress causes a considerable reduction in the amount of chlorophyll, electrolyte leakage, relative water content in the leaf and vegetative growth. It also reduces the quantity and quality of fruit produced by plants (Kirnak et al., 2001).
3.7 Elevated CO2
Elevated levels of atmospheric CO2 result in higher caterpillar food intake, increased aphid reproduction, and a reduction in nitrogen-based plant defense mechanisms. On the other hand, the advantages of Bt foliar application, heightened predator predation, carbon-based plant defense, and slower rates of insect development were discussed by (Das et al., 2011). Due to the increasing anthropogenic activities, the levels of greenhouse gases like CO2 and CH4 are progressively increasing in the atmosphere. These gases not only contribute to the phenomenon of global warming but also directly affect the growth and development of plants. Initially, potato plants grown under elevated CO2 levels may display enhanced photosynthetic rates. However, as the concentration of CO2 continues to rise, these rates are anticipated to decline (Burke et al., 2001).
3.8 Air pollutants and UV radiation 
Air pollutants, such as SO2, O3, acid rain, and others, have a direct impact on plant tissue and pathogens. Numerous studies have shown that plants exhibit different responses to foliar pathogens when exposed to polluted air. Moreover, pollutants can also affect root attacking pathogens like plant nematodes through host-mediated effects. In polluted areas, it has been observed that higher levels of SO2 and O3 (200-300 ppb) can hinder the growth, spread, and reproduction of plant pathogenic fungi, resulting in reduced disease severity in plants. Conversely, lower concentrations of air pollutants (50-100 ppb) may contribute to the development of plant diseases, making them worse. Studies have demonstrated that SO2 and O3 at 50-100 ppb can intensify fungal and nematode diseases by facilitating spore germination, fungal invasion, and the hatching, penetration, and reproduction of plant parasitic nematodes (Khan, 2012). The Earth's surface is at risk of harmful UV rays penetrating through due to the destruction of the ozone layer caused by the increasing concentration of sulfur and nitrogen dioxides in the atmosphere. Certain vegetables like tomatoes, cabbage, potatoes, and sugar beets are more vulnerable to UV rays than other types Pena and Huges (2007).

4. Soil erosion, storm, wind, hail damage, volcanic eruption and tsunami
Every year, the world loses 5-7 million hectares of agricultural land due to soil erosion and other types of land degradation. It has been estimated that approximately one-sixth of the global soil has already been degraded by water and wind erosion, leading to a decreased capacity to produce an adequate amount of food.(agriculture) (COST, 2008). The World Disaster Report of the International Federation of the Red Cross (2000) states that 332 (or 40%) of the 821 windstorms recorded worldwide during the 1990s occurred in Asia. Erosion of soil from the root zone causes lodging of plants which is more harmful to most of the vegetables (tomato, eggplant, chilli etc.). Damage to vegetable crops caused by storms and subsequent crop recovery will be determined by a number of factors, including vegetable type, stage of growth, weather conditions immediately after storms and disease organism prevalence. After the storm, prolonged heat and moisture are extremely dangerous and raise the risk of illness, especially bacterial infections (Gordon Johnson, 2013). Vegetables like tomatoes frequently suffer the worst losses from fruit bruising or wounding. Fruits may become inferior in quality or unmarketable. Additionally, some fruit diseases and storage rots can become more common as a result of wounds. Volcanic eruption generates numerous pollutants like SO2 and other nitrogenous oxides which can destroy the plants nearby. Both of them are highly toxic to the vegetation and growth and developmental stages of vegetables. A report from Netherlands indicated that by 2050 annual Hailstorm damage to open-air farming could increase by 25% to 50%, with significantly higher effects on summertime greenhouse horticulture (more than 200%) (Singh et al., 2009).
5. Mitigation strategies:
5.1 AGRONOMIC PRACTICES
Agronomic techniques such as Resource Conservation Technologies (RCT), mulching, and cropping systems that incorporate agroforestry and carbon sequestration can help decrease greenhouse gas emissions by enhancing the absorption and retention of carbon in biomass, wood, and soil. On a global scale, these agronomic practices have the potential to lower CO2 equivalent emissions by 0.39 t per hectare annually in dry climates and by 0.98 t in wet climates (Smith et al., 2007; Milder et al., 2011). 1. The primary techniques for rehabilitating degraded lands, reducing the reliance on synthetic fertilizers, halting deforestation, and enhancing soil carbon content are key approaches for capturing carbon and reducing greenhouse gas emissions in agricultural activities (Chatterjee, 2011).

5.2 Organic agriculture
Organic agriculture has the capacity to reduce greenhouse gas emissions, including carbon dioxide, nitrous oxide (N2O), and methane (CH4), which positions it as a viable option for combatting climate change. In comparison to traditional agriculture, it also improves soil carbon sequestration. Furthermore, organic agriculture employs various agricultural techniques that are commonly utilized, such as the return of crop residue, minimal or no tillage, and rotation with leguminous crops. These practices contribute to the reduction of greenhouse gas emissions and the enhancement of soil carbon sequestration. When comparing organic agriculture to conventional methods, it becomes evident that the former is more adaptable to climate change. Nonetheless, more awareness of organic agriculture's capacity to reduce climate change is required (Rashid et al., 2020).

5.3 Water management
Since many vegetables are consumed raw and contain high water content, using high-quality water is still a major concern. The quantity and quality of vegetable products are determined by the effectiveness and quality of water management. Too much and too little water can lead to nutritional problems, abnormal plant growth, and plant susceptibility to pathogen infection. The agronomic practices needed to sustain yields in times of drought include timely irrigation and preserving soil moisture reserves in case of water scarcity or inconsistent supply. The method of irrigation applied depends on factors such as the type of crop, water availability, landscape, and soil characteristics. Despite the fact that more than 80% of irrigated lands worldwide utilize surface irrigation methods, the efficiency of these techniques at the field level often ranges between 40 and 50% Von and Chieng (2004). It is essential to promote low-cost, small-scale drip irrigation technologies in order to increase revenue and reduce poverty among small farmers.
5.4 Drip irrigation 
It is also known as micro irrigation. By using a system of emitters, pipes, valves, and tubing to let water drip gently close to the plant roots, this irrigation technique gives a grower control over how much water and fertilizer is applied. When compared to most conventional surface irrigation techniques, it achieves water savings of 50–80% and reduces water losses from runoff and deep percolation. Plant evapotranspiration usually increases crop productivity by 10–50% per unit of water consumed. Drip irrigation allows for greater plant coverage with less labor required per unit of water used. While there was no significant difference in yield between furrow and drip-irrigated crops for drought-tolerant crops like watermelon, using lower drip irrigation rate decreased the incidence of Fusarium wilt. Low-cost drip irrigation generally saves money, reduces labor costs and increases plant density per unit of water, which increases farmer incomes while conserving water.
5.5 Water harvesting 
Water harvesting for arid and semi-arid regions is a traditional technique used in many parts of the world to address the potential water shortage that may arise in the future. Rainwater and floodwater harvesting have the potential to boost arable land productivity by increasing yields and lowering crop failure risks in the face of climate change.
5.6 Grafting of vegetables 
The practice of grafting vegetables originated in East Asia during the 20th century and has since gained widespread adoption in Japan, Korea, and various European countries. This technique involves combining two separate living plant parts, namely the rootstock and scion, to create a single, thriving plant. Initially, it was primarily used to combat soil-borne diseases that negatively affected the yield of crops like cucurbits, tomatoes, and eggplant. However, when appropriate tolerant rootstocks are utilized, grafting can also provide resilience against environmental challenges such as salinity, drought, low soil temperature, and flooding. The practice of grafting eggplants began in the 1950s and in the 1960s and 1970s, cucumbers and tomatoes were added (Edelstein, 2004). (Rouphael et al., 2008) Cucumber grafted on Shintoza-type rootstock (Cucurbita maxima Duchense × Cucurbita moschata) exhibited resistance to low temperatures and copper toxicity. Furthermore, when watermelon was grafted onto saline-tolerant rootstocks, it resulted in a remarkable 81% increase in yield during greenhouse production (Colla et al., 2010). The leaf area and shoot weight of the watermelon cv. Fantasy grafted onto Strong Tosa rootstock (C. maxima Duch × C. moschata Duch) are enhanced even in saline conditions (Goreta et al., 2008).
5.7 Developing climate-resilient vegetables 
Climate-resilient vegetable Germplasm, which has been improved and adjusted, provides farmers with the most economical approach to address the challenges posed by climate change. The majority of modern cultivars only represent a small portion of the genetic variability, especially when it comes to stress tolerance. Developing new varieties under optimal growth conditions, particularly for intensive, high-input farming systems in developed countries, might have unintentionally excluded traits that could aid in adapting to or tolerating low input and unfavorable conditions (Rashid et al., 2020).
5.8 Heat Tolerant
Several heat-resistant tomato cultivars, such as Pusa Sadabahar, Pusa Hybrid-1, and Pusa Hybrid-8, were bred at IARI in New Delhi. These varieties exhibit tolerance to both heat and cold conditions. (Solankey et al., 2015).

5.9 Drought Tolerant
The wild tomato varieties, such as S. cheesmanii, S. chilense, S. lycopersicum, S. lycopersicum var. cerasiforme, S. pennellii, S. peruvianum, and S. pimpinellifolium, demonstrate a considerable genetic capacity to withstand drought conditions (Solankey et al., 2015).  Furthermore, S. pennellii, characterized by its dense, circular, glossy foliage that synthesizes acyl-sugars in its trichomes and has the capacity to take in dew, unlike cultivated tomatoes, can improve its water-use efficiency (Rick, 1973).
5.10 Salinity Tolerant
Pepper plants experience a notable decline in germination, shoot height, root length, fresh and dry weight, as well as yield under the influence of salt stress. Pepper cultivars with improved salt stress tolerance can be developed by incorporating genes from pepper varieties such as Demre, Ilica-250, 11-B-14, Bagci Carliston, Mini Aci Sivri, Yalova Carliston, and Yaglik-28.Related wild tomato species have demonstrated a high tolerance to salinity and serve as gene sources because some wild species frequently inhabit coastal regions. Studies have identified potential sources of resistance in the wild tomato species S. cheesmanii, S. peruvianum, S pennelii, S. pimpinellifolium, and S. habrochaites (AVRDC, 2005).

	Crop 
	Variety 
	Tolerance 

	Tomato 
	Pusa Sadabahar
	Capable of withstanding both extreme heat and cold temperatures.

	Tomato
	Pusa Sheetal
	Low temperature.

	Radish
	Pusa Chetki
	Enhanced root development in elevated temperature conditions.

	Carrot
	Pusa Vrishti 
	Hot and humid conditions are conducive to the development of roots.

	Cauliflower 
	Pusa Meghna 
	Capable of coagulating at elevated temperatures.

	Bottle gourd 
	Pusa Santushti 
	Show tolerance from extreme Heat and extreme cold.

	Bitter gourd
	Pusa Do Mausami
	Perform well in spring and rainy conditions.


Table 4: Tolerant varieties 
(Rashid et al., 2020


6. Conclusion

Climate change presents a formidable challenge to global vegetable production by influencing nearly every aspect of crop growth, development, and productivity. Increasing temperatures, erratic precipitation patterns, salinity, drought, flooding, elevated CO₂ levels, and the spread of pests and diseases have significantly threatened vegetable crop yields and quality. Smallholder farmers, who depend heavily on vegetable cultivation for their livelihoods, are particularly vulnerable to these climatic stresses. However, through the implementation of adaptive strategies such as improved agronomic practices, organic farming, efficient water management techniques, the adoption of climate-resilient varieties, and innovative technologies like grafting, the adverse effects of climate change can be mitigated. Long-term resilience can also be bolstered by strengthening policy support, facilitating access to climate-smart tools, and promoting education on sustainable practices. As climate challenges intensify, a collective global effort that combines scientific innovation with grassroots empowerment will be essential to safeguard food and nutritional security through sustainable vegetable production.


References


Ashraf M, Athar HR, Harris PJ and Kwon TR. 2008. Some prospective strategies for improving crop salt tolerance. Advances in agronomy. 97:45-110.
Ayyogari K, Sidhya P and Pandit MK. 2014. Impact of climate change on vegetable cultivation-a review. International Journal of Agriculture, Environment and Biotechnology. 7(1):145-55.
Burke JI, Finnan J, Donnelly A and Jones MB. 2001. The Effects of Elevated Concentrations of Carbon Dioxide and Ozone on Potato (Solanum tuberosum L.) Yield. Agriculture and Food Development authority. Ireland. 1-19.
Chatterjee CS. 2011. Mitigating climate change through agriculture. 
Edelstein M. 2004. Grafting vegetable-crop plants: pros and cons. InVII International Symposium on Protected Cultivation in Mild Winter Climates: Production, Pest Management and Global Competition. 659: (235-238).
Eraslan F, Gunes A, Inal, A, Cicek N and Alpaslan M. 2008. Comparative physiological and growth responses of tomato and pepper plants to fertilizer induced salinity and salt stress under greenhouse conditions. In: International Meeting on Soil Fertility Land Management and Agroclimatology Turkey. 687-696.
Erickson AN and Markhart AH. 2002. Flower developmental stage and organ sensitivity of bell pepper (Capsicum annuum L.) to elevated temperature. Journal of Plant, Cell and Environment. 25(1): 123-130.
FAO. 2002. Working with Local Institutions to Support Sustainable Livelihoods. Food and Agriculture Organization Rome Italy.
FAO. 2009. Global agriculture towards 2050. Issues Brief. High level expert forum.Rome. 12 -13.
Hazra P, Samsul HA, Sikder D and Peter KV. 2007. Breeding tomato (Lycopersicon esculentum Mill) resistant to high temperature stress. International Journal of Plant Breeding. 1(1):31-40.
Khan M R. 2012. Effect of elevated levels of CO2 and other gaseous pollutants on crop productivity and plant diseases. National Seminar on Sustainable Agriculture and Food Security: Challenges in Changing Climate. 27-28:197.
Kumar JP, Sadarunnisa S, Reddy PS and Reddy DS. 2016. Climate change and its impact on vegetable production-a review. Progressive Research – An International Journal, Society for Scientific Development in Agriculture and Technology Meerut (U.P.) INDIA. 11 (8): 5484-5490.
Lal, M., Nozawa, S., Emori, H., Harasawa, K., Takahashi, M., Kimoto, A., Abe-ouchi, T., Nakajima, T. and Numaguti, A. 2014.Future climate change implications for Indian summer monsoon and its variability. Current science 81: 1196-1207.
Lee H, Calvin K, Dasgupta D, Krinner G, Mukherji A, Thorne P, Trisos C, Romero J, Aldunce P, Barrett K and Blanco G. 2023. Climate change: synthesis report. Contribution of working groups I, II and III to the sixth assessment report of the intergovernmental panel on climate change.
Meena K and Verma SC. 2018. Climate change and vegetable crops cultivation: a review. Indian Journal of Agricultural Sciences. 88(2):167-74.
Pautasso M, Döring TF, Garbelotto M, Pellis L and Jeger MJ. 2012. Impacts of climate change on plant diseases—opinions and trends. European Journal of Plant Pathology. 133:295-313.
Pena R and Hughes J. 2007. Improving Vegetable Productivity in a Variable and Changing Climate. SAT e journal. 4 (1):1-22. 
Pramanik K, Pradhan J, Mohopatra PP, Jena C and Acharya KL. 2020. Impact of temperature: an important climate changing factor on vegetable crops. Agriculture and forestry: current trends, perspectives. Immortal publications, Vijayawada. 105-34.
Rashid M, Hussain K, Malik AA, Narayan S, Nazir G and Mazahir S. 2020. Impact of Climate Change on Vegetable Crops and its Mitigation. International Journal of Current Microbiology and Applied Sciences. 11: 2429-2445.
Sairam R K, Kumutha D, Ezhilmathi K, Deshmukh P S and Srivastava G C. 2008. Physiology and biochemistry of water logging tolerance in plants. Biologia Plantarum. 52(3): 401–12.
Solankey SS, Prakash S, Pawan S and Randhir K. 2019. Vulnerability of vegetable crops to climate change. InNational Seminar on “recent advances in agriculture for sustainable rural development (RAASRD-2019)”. VKSCoA, Dumraon (BAU, Sabour). Bihar  64-70.
Spaldon S, Samnotra RK, Chopra S. 2015. Climate resilient technologies to meet the challenges in vegetable production. International Research on Current and Academic Review. 3(2):28-47.
Smith MR., Singh GM, Mozaffarian D and Myers SS. 2015. Effects of decreases of animal pollinators on human nutrition and global health: a modelling analysis. The Lancet. 386(10007):1964-1972.
Wani SA, Mahdi SS, Samoon SA, Hassan GI and Dar SA. 2010. Climate change-its impact on agriculture. Journal of Phytology. 2(10):82-6.
Anjum F, Yaseen M, Rasul E, Wahid A and Anjum S. 2003.Water stress in barley (Hordeum vulgare L.). Effect on morphological characters. Pakistan Journal of Agricultural Sciences, 40: 43-44.
Anonymous. 2022. https://net0.com/blog/top-five-carbon-emitters-by-country.
Arora SK, Partap PS, Pandita ML and Jalal I. 1987. Production problems and their possible remedies in vegetable crops. Indian Horticulture, 32(2): 2-8.
AVRDC (2005) Annual Report. AVRDC – The World Vegetable Center. Shanhua, Taiwan.
Bates BC, Kundzewicz ZW, Wu S and Palutikof JP. 2008. Climate change and water. IPCC Technical Paper VI, Geneva. Pp. 210.
Baysal G, Tipirdamaz R. and Ekmekci Y. 2004. Effects of salinity on some physiological parameters in three cultivars of cucumber (Cucumis sativus). Prog. Cucurbit Genet. Breed. Res., 57.
Chookhampaeng S, Pattanagul W and Theerakulpisut P. 2008. Effects of salinity on growth activity of antioxidant enzymes and sucrose content in tomato (Lycopersicon esculentum Mill.) at the reproductive stage. Science Asia34: 69-75.
Ciobanu I and Sumalan R. 2009. The effects of the salinity stress on the growing rates and physiological characteristics to the Lycopersicon esculentum specie. Bull UASVM. Horticultural Journal 66:616–620.
Colla G, Rouphael Y, Leonardi C and Bie Z. 2010. Role of grafting in vegetable crops grown under saline conditions. Scientia Horticulturae, 127, pp.147-155.
COST. (2008). Technical annex to COST Action 623: Soil erosion and global change. European cooperation in the field of scientific and technical research. Retrieved June 9, 2013 from (http://www.soilerosion.net/cost623/annex.html).
Das D K, Singh J and Vennila S. 2011. Emerging crop pest scenario under the impact of climate change – A brief review. Journal of Agricultural Physics 11: 13–20.
Gordon Johnson 2013. Storm Damaged Vegetables-Wind and Hail. Cooperative Extension.
La Scala N, Bolonhezi D and Pereira GT. 2006. Short-term soil CO2 emission after conventional and reduced tillage of a notill sugar cane area in southern Brazil. Soil and Tillage Research 91, 244–248.
Muller A. 2009 Benefits of Organic Agriculture as a Climate Change Adaptation and Mitigation Strategy for Developing Countries. Discussion Paper Series–EfD DP 09–09. Environment for Development. http://www.ifr.ac.uk/waste/ Reports/BenefitsOfOrganicAgriculture.pdf (accessed 8 November 2013).
Niggli U, Fliessbach A, Hepperly P and Scialabba N. 2009. Low Greenhouse gas Agriculture: Mitigation and Adaptation Potential of Sustainable Farming Systems. Food and Agriculture Organization, Rome, Italy. ftp://ftp.fao.org/ docrep/fao/010/ai781e/ai781e00.pdf (accessed 4 July 2014).
Prior SA, Reicosky, DC, Reeves DW, Runion GB and Raper RL. 2000 Residue and tillage effects on planting implementinduced short-termCO2 and water loss fromloamy sand soil in Alabama. Soil and Tillage Research 54, 197–199.
Sartaj SA, Chand S, Najarand GR and Teli MA. 2013. Organic farming: as a climate change adaptation and mitigation strategy. Current Agriculture Research Journal 1 (1), 45–50.
Smith P, Martino D, Cai Z, Gwary D, Janzen H, Kumar P, McCarl B, Ogle S, O’Mara F, Rice C, Scholes B and Sirotenko O. 2007 Agriculture. In: Climate Change 2007: Mitigation. Contribution of Working Group III to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change (B. Metz, OR Davidson, PR. Bosch, R. Dave and L. A. Meyer, eds). Cambridge University Press, Cambridge, UK, pp. 492–540.


.


image1.png
Transportation (14%)





image2.png
Japan (3.8%)

China (35%)

Rest of world (26.6

United States (19%)




image3.png
High
Heat stress temperature

stress

Pollutants

Impact of
. Low
climate temperature

stress
change in
Salinity vegetable
production [ ...
€O,
‘Water
Drought logging/

Flooding




