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Preface

Climate change refers to long-term shifts in temperature and weather patterns which 
are attributed directly or indirectly to anthropological activities. The changing cli-
matic conditions have resulted in increased atmospheric CO2 concentration, tem-
perature, and precipitation patterns.

The issue of rising temperature due to increased emission of greenhouse gases 
such as CO2, CO, CH4, NO, N2O, and SO2 is a major concern worldwide. Another 
significant aspect of climate change is the increased frequency of occurrence of 
extreme events such as droughts, floods, cyclones, rise in sea level, and intrusion of 
saltwater. The top emitter of CO2 is China (29%), followed by the USA (14%), the 
European Union (10%), and India (7%). It was reported that Indian GHG emissions 
in 2020 (3000 million tonnes) were around three times more than that observed in 
1990 (988 million tonnes). Over the past 111 years, India’s average annual tempera-
ture has risen by 0.46° C.

Vegetables are the cheapest natural source of nutrition, such as vitamins, miner-
als, fibers, and carbohydrates, and are basic need for our health system as well. 
Vegetable crops have great potential for higher yield and provide the farmer with 
substantial compensation as well, since they sell for more return than other agricul-
tural crops. As we know that most vegetables are herbaceous in nature and very 
sensitive to climate-borne disorders, crop failures, low yields, declining quality, and 
increased pest and disease occurrences are other major hindrances to the cultivation 
of vegetables under changing climatic conditions.

Several mitigation and adaptation strategies are essentially required to lessen the 
severity and sensitivity of these effects owing to climate change and help the farm-
ing community to support itself. Additionally, genetically modifying vegetables is a 
suitable adaptation approach to deal with the negative effects of climate change. A 
thorough knowledge of the role played by the environment in the conversion of a 
genotype into phenotype may be obtained via a combined study of genomics and 
phenomics. Another method of using plant biodiversity to combat climate change is 
by grafting a sensitive scion cultivar onto a resistant rootstock. Agronomic tech-
niques including mulching, organic farming, agroforestry, and cropping systems 
that sequester carbon offer a variety of potential options for mitigating the effects of 
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climate change on vegetable production. Protected farming and post-harvest tech-
nologies can also be important strategies for overcoming climate change issues.

The book entitled Advances in Research on Vegetable Production Under a 
Changing Climate (Vol. II) is intended to be an authoritative work at an advanced 
level, accessible to vegetable scientists, plant breeders, biotechnologists, plant 
pathologists, and entomologist working on climate change, especially with vegeta-
ble crops, and in the libraries of all research facilities and enterprises where this 
recently interesting topic is investigated, studied, or taught. This book comprises 16 
chapters will hopefully be beneficial as a part of the scientific basis for understand-
ing the recent advances in research trends in vegetables and on different aspects 
such as emerging obstacles of vegetable production, nutraceutical properties of veg-
etables, nutritional stress management, impact on leafy, salad, perennial, underex-
ploited, tuber vegetables, seed production, kitchen gardening, protected cultivation, 
grafting, molecular breeding, emerging insect-pests and diseases and postharvest 
quality of vegetables.

The main aim of this book is to provide a thorough, up-to-date account of recent 
advances in vegetable production under changing climatic scenarios, and we expect 
that it would be also highly appreciated by the readers like Volume I.

First of all, we want to express our gratitude to Almighty God for giving us the 
courage, ideas, and inspiration to finalize this book. We are thankful to all the sub-
ject matter experts for their contribution towards creation of this novel book by 
providing the innovative information and in-depth scripts which make it possible to 
complete this novel book. We are really grateful to our family members, whose 
unwavering support and inspiration helped us to compile this book. We also 
acknowledge our institutions (Bihar Agricultural University, Sabour, Bhagalpur, 
Bihar, and Shree Guru Gobind Singh Tricentenary University, Gurugram, Haryana) 
and express sincere thanks for their kind support and cooperation.

The entire academic staff at Springer Nature deserves praise, particularly Series 
Editor Dr. Silvana Nicola (Advances in Olericulture); Ms. Deepthi Vasudevan, 
Project Coordinator (Books); Ms. Melanie van Overbeek, Assistant Editor, Life 
Sciences (Agronomy); and Mr. Nitesh Shrivastava, Production Editor (Books), who 
generously supported the compilation and completion of this assignment. We also 
appreciate the direct and indirect assistance and insightful recommendations pro-
vided by our professors, elders, colleagues, and friends throughout the preparation 
of this book. We would be delighted if readers could offer any worthwhile ideas to 
improve the value of this book. The editors gratefully recognize the assistance and 
support received from the different experts, books, journals, writers, publishers, and 
online publishing platforms whose works were consulted in the preparation of this 
book. We heartily appreciate Springer Nature for publishing this book in such a 
meticulous manner.

Patna, Bihar, India Shashank Shekhar Solankey

Gurugram, Haryana, India Meenakshi Kumari
December 2022
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Chapter 1
Advances in Research Trends in Vegetables 
Under a Changing Climate: A Way 
Forward

Shashank Shekhar Solankey, Meenakshi Kumari, Hemant Kumar Singh, 
Pankaj Kumar Ray, Shirin Akhtar, and Bholanath Saha

Abstract Change of climate is a never ending process but from last few decades 
the swiftness of alteration causes vulnerability in atmospheric temperature (heat, 
cold), rainfall (flood, drought), greenhouse gasses (CO2, CH4, N2O, O3) and inten-
sity of extreme events, that is basically due to direct and indirect human interfer-
ences. Due to change in climate, agriculture food products are significantly impacted 
particularly succulent crops like vegetables, which are extremely vulnerable to 
change of climate. Vegetables has vast production capacity to fulfill the daily 
requirements of growing global population, but the present climate change severely 
affect the vegetable productivity. Hence, the scientists are thinking to reduce the 
speed of climate change and to work on the adaptation and mitigation strategies. 
Studying how climate change affects the growth, development, production and 
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quality of agricultural products is therefore urgently needed. At present a number of 
climate tolerant varieties have been evolved in various vegetable crops and with the 
help of recent molecular techniques the task of gene identification, genetic 
 modification and varietal evolution is little bit easier for the olericulturists. 
Agronomic practices that preserve water and vegetable crops from harsh environ-
mental conditions must be constantly developed and made broadly accessible to 
farmers in impoverished countries. A successful expansion plan that considers tech-
nological, social, and political aspects must be in place.

Keywords Climate change · Heat · Drought · Salinity · Greenhouse gasses · 
Adaptation · Mitigation

1.1  Introduction

Farmer struggle to cultivate crops as a result of the changing environment, which 
eventually puts tremendous strain on the ability to supply food for the world’s 
expanding population. Unpredictable weather patterns and unstable atmospheric 
temperatures are results of climate change. Numerous international researchers 
have issued warnings in this direction, stating that if we do not implement eco- 
friendly agricultural practices, climate change could cause the world’s food supply 
to decrease, making it impossible for us to produce high-quality food. However, 
affluent countries contribute significantly more to greenhouse gas emissions than 
under developed nations do. The Food and Agriculture Organization of the United 
Nations (FAO) estimates that global food production will need to increase by 70% 
by 2050 in order to feed an extra 2.3 billion people.

This issue is brought on by the atmosphere’s buildup of greenhouse gases like 
carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), and ozone (O3), which 
are produced by humans as a result of long-term, intensive industrial expansion and 
high-consumption lifestyles in industrialized nations. India requires a national strat-
egy to first adapt to climate change and then improve the ecological sustainability of 
India’s growth path while working with the international community to collectively 
and jointly address this challenge.

Vegetables are thought of as a wholesome food and an essential component of 
the human diet. In addition to being rich in vitamins and minerals, vegetables also 
bring in more money than traditional food crops (Solankey et al. 2021a). Despite the 
fact that vegetable production has increased much more than the 15 million tonnes 
of 1950 to 191.77 million tonnes in 2021, moreover in fiscal year 2022, the total 
production of vegetables was estimated to be at approximately 200 million metric 
tons (Anonymous 2022).

More vegetables must still be grown to provide at least 300 g of vegetables per 
person everyday. Indian is the biggest producer of okra and ginger, while it comes 
in second place for potato, onion, cauliflower, brinjal, cabbage production. 
Cultivation of varieties which are both high yielding and have increased nutritional 
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content with resistance to a variety of biotic and abiotic stresses can help to achieve 
our goal. Vegetable breeding combined with molecular techniques has a bright 
future in developing vegetable varieties with high amounts of nutraceuticals and 
bioactive chemicals appropriate for different markets. However, it is crucial that 
nutrient-rich foods are consumed to promote health security and bio fortified vege-
table varieties be bred to meet the food needs of an ever-growing population.

Additionally, the distribution and quality of natural resources are impacted by 
climate change, which has a negative impact on people’s ability to support them-
selves. The globe may be in serious danger due to the anticipated changes in climate 
because of an economy that is heavily reliant on its natural resource base and sectors 
that are vulnerable to them, including forestry, agriculture, and water. Food produc-
tion has  increased dramatically as a result of the green revolution, which also 
improve global food security. The natural resource basis for agriculture has been 
destroyed worldwide as a result of intensive agricultural production practices, 
endangering future output. Revolutionary discoveries made in the 1970s and 1980s 
fuelled expectations of significant improvements in agriculture and sparked interest 
and investment from entrepreneurs. These predictions are already coming true in the 
market because ongoing improvements in knowledge, technology, and business 
experience. Due to the effects of climate change and the rising competition for land, 
water, energy as well as farmers in developing countries will need to triple food 
production in order to fulfil demand over the next 40 years. Plant biotechnology and 
the application of molecular markers in conventional plant breeding techniques 
have established the foundation for molecular plant breeding, an interdisciplinary 
approach to crop improvement in the twenty-first century, much like recent advances 
in genetic engineering. Although molecular plant breeding techniques are con-
stantly changing and are of great interest to agricultural specialists worldwide 
(Nelson et al. 2007; Lörz and Wenzel 2005; Varshney et al. 2006; Eathing ton et al. 
2007; Mumm 2007). In 1994, the first wave of products in biotechnological applica-
tion in vegetables was made available in pilot test markets. By using biotechnology 
tools some traits like postharvest life, quality of processing (deep red colour) was 
increased in vine ripe tomatoes, novel virus resistance in squash and insect killing 
protein in potato were increased. The Flavr Savr® tomato, which is reported as a 
superior vine-ripened flavour, was one of the first products to receive both popular 
attention and regulatory scrutiny. Alarming impact of change in climate are pre-
dicted. By 2030, due to change in climate 22 million people, the bulk of whom are 
farmers could be surviving in the extreme poverty. Variability in production is pro-
jected to rise when droughts and floods occur more frequently. Consider the possi-
bility that, by 2100, grain productivity may drop by 10–40% while prices could rise 
by 29%. Every degree Celsius increase in temperature results in a 4–5 million tons 
decline in wheat production (Mohanty 2021).

Productivity of crop could be dropped by 10–40%. The rising temperatures 
would raise the amount of fertilizer which is needed by crop to achieve the same 
production goals thus increasing the emissions of greenhouse gas. The spawning, 
migration, and harvest of fish are anticipated to be affected by rising sea and river 
water temperatures. By 2030, coral reefs will begin to deteriorate. Increased animal 
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needs for food, shelter, and energy would have an impact on milk output. There is a 
glimmer of optimism among these alarming figures. The soil holds the key role as a 
carbon sink, the soil of the earth absorbs and holds onto greenhouse gases. Carbon 
is released when soil is disturbed. Agriculture and the food value chain are respon-
sible for 25% of all greenhouse gas emissions. Climate-smart farming techniques 
assist minimize soil disturbance, reduce greenhouse gas emissions, and maintain the 
soil’s fertility (Mohanty 2021).

Lower intake of unprocessed meals but higher consumption of ultra-processed 
foods, particularly in tropical areas, were linked to decreases in rainfall and rise in 
temperature. Change in climate affects a wide range of health outcomes.

1.2  Effect of Climate Change on Vegetable Production 
and Its Management Techniques

Vegetables are usually succulent and sensitive plants therefore, severely affected by 
minor changes in the climate pose several challenges and negative impacts upon 
both quality as well as yield (Solankey et al. 2021b). The impact of various climatic 
threats and their mitigations are as follows:

1.2.1  Temperature

The main consequence of climate change that harms vegetable output is fluctuations 
in daily mean maximum & minimum temperatures since many physiological, bio-
chemical, and metabolic processes in plants are temperature dependent (Abewoy 
2018). In tropical and desert regions, the prevalence of high temperatures affects the 
production of vegetables (Abdelmageed et  al. 2004). The plant‘s morphological, 
physiological, biochemical, and molecular responses are significantly altered by 
high temperatures, which has an impact on the plant‘s growth, development, and 
yield. Hazra et al. (2007) outlined the signs that high temperatures in tomato plants 
cause failure in fruit set, which include development of abnormal flower, poor 
dehiscence, viability and production of pollen grains, dropping of buds, abortion of 
ovules, minimum availability of carbohydrate & abnormalities in reproduction. In a 
similar manner, temperatures exceeding 25 °C have an impact on pollination and 
fruit setting in tomato (Abdelmageed et al. 2004; Solankey et al. 2017). In addition, 
high temperatures can significantly diminish tomato yield since they result in 
smaller, lower-quality fruits and reduced fruit set  percentage (Bhardwaj 2012). 
Increased temperature after pollination in pepper decreased setting of fruits, demon-
strating that fertilisation is vulnerable to extreme heat stress. However, pre-anthesis 
temperature exposure had no effect on pistil or stamen viability (Erickson and 
Markhart 2012). High temperatures results in flower and fruit dropping, abortion of 
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ovule in green chilli (Capsicum annuum) while affect the red colour development in 
mature fruits of chilli (Arora et al. 2010). Additionally, seeds of Citrullus lanatus, 
Cucurbita pepo, Cucurbita maxima & Cucurbita moschata will not germinate 
above 42 degree Celsius. Seeds germination of Cucumis sativus and and Cucumis 
melo var. cantalupensis is significantly inhibited at 42 and 45  °C, respectively 
(Kurtar 2010). In melons, fluctuations of temperature results in delay ripening and 
also decrease the sweetness of fruit. Low yield of warm season crops such as 
Benincasa hispida, Lagenaria siceraria & Cucurbita moschata is a result of poor 
production of female flowers and also due to vegetative growth increased  under 
warm humid climate (Ayyogari et al. 2014). The author also reported that high tem-
peratures have resulted in increased abscission of floral buds, blooms, and immature 
pods, as well as decreased pod size and number of seeds per pod. When cole crops 
are produced for vegetables, high temperatures results in bolting, which is undesir-
able (Abdelmageed et al. 2004).

1.2.1.1  Plant Response to Heat Stress

Even slight temperature fluctuations can be detected by plants (Steven 2008). This 
process involves a large number of molecules, including transcription factors, chap-
erones, and osmoprotectants (Jacob et  al. 2017). ER-UPR, Cyt-UPR, and mem-
brane cyclic nucleotide gated calcium channels (CNGCs) appear to be heat stress 
sensors (Hasanuzzaman et al. 2013; Singh et al. 2020). Decreased rate of photosyn-
thesis is caused by heat stress because it lowers internal CO2 concentration, stomatal 
conductance, and leaf water potential (Hasanuzzaman et al. 2013). Heat stress, how-
ever, also has an impact on photosynthesis by altering stromatic reactions, grana and 
thylakoidal membrane architecture, as well as the grana and stromatic responses. 
Photosynthetic pigments are diminished by the lipid peroxidation of membranes, 
and PSII activity (Fv/Fm) is similarly decreased. Additionally, a decrease in Rubisco 
subunit proteins was observed under heat stress (Sage et al. 2008) and of the cre-
ation of starch and sucrose (Hasanuzzaman et  al., 2013). Additionally, the ROS 
singlet oxygen (1O2), superoxide radical (O2), hydrogen peroxide (H2O2), and 
hydroxyl radical (OH-) are produced during heat stress (Hasanuzzaman et al. 2013). 
Oxidative stress harms cell membranes by resulting in lipid peroxidation, protein 
breakdown, and the inhibition of root development after heat stress.

This happens as a result of the root cells’ increased O2 levels (Hasanuzzaman 
et  al. 2013). Heat stress can have an impact on a plant at different phenological 
phases. However, the high temperature during blooming can entirely stop all grain 
production, while it can cause blossoms to drop off, give birth, or generate sterile 
flowers during the reproduction stage.

At different phenological stages, heat stress can have an impact on a plant. While 
it can cause flowers to droop, abort, or produce sterile blooms during the reproduc-
tion stage, the high temperature during blooming can completely cease all grain 
production (Maheswari et al. 2012). A shift in meiosis in both the male and female 
organs, which decreases pollen fertility and results in aberrant ovule and stigma 
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development, is what causes heat-induced sterility in flowers (Cao et al. 2008). The 
rise in ethylene under high temperature provides an explanation for how heat affects 
pollen sterility. The metabolism of starch appears to be inhibited by ethylene, which 
results in less grain filling and sterile grain. The effect of high temperatures that is 
most concerning overall is yield decline. It has been demonstrated that tolerance 
species are less impacted by cereal pests than sensitive ones, with a 1000 grain 
weight reduction of up to 8% in sensitive rice species and up to 4% in tolerant spe-
cies (Bashandy and El-Shaieny 2021).

1.2.1.2  Plant Heat Stress Defence Mechanisms

Living things have been classified as either psychrophiles, which prefer growth tem-
peratures between 0 and 10  °C, mesophyles, which prefer growth temperatures 
between 10 and 30 °C, or thermophyles, which prefer growth temperatures between 
30 and 65 °C. (Zróbek-Sokolnik 2012; Giordano et al. 2021). However, based on 
how they respond to high temperatures, the different species have been grouped into 
sensitive, tolerant, and resistant species, and their adaptation to high temperatures 
has been split into avoidance and tolerance (Hasanuzzaman et  al. 2013). Stress 
brought by the heat that has similar effects as drought. The morphological and phys-
iological avoidance methods that plants use when they are under heat stress include 
changing the direction of their leaves, closing their stomata, increasing their density, 
and changing the lipids in their membranes (Hasanuzzaman et al. 2013). To shield 
their leaves from heat, plants can also produce tomentose hairs, which grow thickly 
on their surfaces and cuticles. To prevent too much light from being reflected, leaves 
are either oriented parallel to the sun’s rays or they roll up to limit water loss 
(Zróbek-Sokolnik 2012). Smaller leaves can handle heat better than larger ones 
because they experience less resistance on their surface as heat is expelled from the 
inside to the exterior. Additionally, in order to survive periods of high temperatures, 
plants attempt to complete their reproductive cycle when the weather is favourable. 
Many plants adapt their photosynthesis to high temperatures via the C4 and CAM 
processes, which helps them survive in arid situations (Zróbek-Sokolnik 2012).

Other pathways that might lead to tolerance include those involving ion trans-
porters, proteins from the late embryogenesis abundant (LEA) family, osmoprotec-
tants, antioxidants, and transcriptional regulators (Hasanuzzaman et al. 2013; Singh 
et al. 2020). Tolerance though, can differ between tissues, organs, and species within 
a single plant. Other method of avoiding the damaging effects of heat stress is by the 
creation of heat shock proteins (HSP) (Xu et al. 2013). Five of these proteins work 
with other chaperones to repair damaged proteins while also being involved in sys-
tems for avoiding stress. Their elimination from the plant determines developmental 
changes (Raza et al. 2020). Under conditions of heat stress, salicylic acid supports 
the regulation of other stress hormones (Raza et al. 2019). The quantity of ascor-
bate, glutathione, tocopherols, and carotenes is increased by the plant as well as a 
number of antioxidant enzymes in response to the oxidative stress brought on by 
heat stress (Raza et al. 2019). Beyond a certain temperature, antioxidant enzymes 
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lose their ability to function. For instance, it was shown that tolerant genotypes, as 
opposed to sensitive ones, showed an increase in the activities of catalase, ascorbate 
peroxidase, and superoxide dismutase under circumstances of heat stress. But at 
temperatures above 500 °C, these enzymes are inactive (Zeng et al. 2021).

1.2.1.3  Heat Responsive Genes

With a high degree of conservation and fairly predictable patterns, the heat-shock 
reflex is a biological response that almost all species display. At the transcriptional 
level, the heat shock response is characterised by a complicated alteration in mRNA 
and protein production as well as a significant accumulation of a collection of typi-
cally conserved proteins.

Genes are activated as a result of heat stress, especially if it losts for a long 
period, although the Heat Shock Proteins (HSPs) and related transcriptional activa-
tors are the main sources of an increased accumulation of transcripts (Guo et al. 
2016). The term “HSPs” refers to a diverse class of proteins that was first studied in 
model organisms. HSPs are divided into five classes based on their molecular 
weight, though there are other classifications as well. The tiny HSPs are particularly 
prevalent in terrestrial plants (Waters and Vierling 2020). However, more recent 
studies in the fields of transcriptomics and functional biology have shown that the 
relevance of HSPs is far broader than previously thought. It essentially entails hav-
ing a major impact on the stability and folding of proteins. It includes an essential 
part of cellular homeostasis under normal circumstances as well as defence against 
biotic and environmental stress. The fact that HSPs have been used successfully in 
the vegetable industry to increase post-harvest freezing tolerance is only superfi-
cially conflicting (Aghdam et al. 2015). A very extensive multigene superfamily, 
whose members are categorised based on their intracellular localization and func-
tion, encodes HSPs in plants. In plants, HSPs are encoded by a very large multi- 
gene super family, whose members are classified according to their intracellular 
location and function (Wang et al. 2004). The molecular response to heat stress in 
plants involves genes involved in a variety of processes, such as perception of stress, 
inhibition of “normal” protein and mRNA synthesis, preservation of cellular func-
tions, development of thermo tolerance, long-distance signalling, and the beginning 
of morpho-physiological adaptation to long-term stress (Qu et al. 2013). The asso-
ciation of heat inducible genes with primary and secondary metabolism in plants, as 
well as with basic biological functions including transcription and translation, phy-
tohormome signalling, and post-translational modifications, is not surprising. For 
heat responsive genes, post-transcriptional regulation, changing inducibility, and 
transcriptional control are all conceivable (Janni et al. 2020). Additionally, the mod-
ulation of the transcriptional regulation in plants under heat stress is governed by the 
small RNAs (Sunkar and Zhu 2004). Different genes are overexpressed in different 
crops when they are exposed to heat stress (Plantenga et al. 2019; Aleem et al. 2020; 
Singh et al. 2020).
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1.2.2  Drought

Climate change is anticipated to have a considerable influence on water availability, 
and high levels of water stress will lower agricultural output in general and vegeta-
ble productivity in particular. Drought is the main reason for crop loss in dry and 
semi-arid areas & significantly lowers down the average yields by more than 50% 
for the majority of agricultural crops (Sivakumar et al. 2016). Lack of rainfall or 
inadequate soil moisture can produce drought stress can result in a number of bio-
chemical, plant physiological, and genetic processes that drastically restrict crop 
growth (Vadez et al. 2012). The seeds germination in vegetable viz. onions and okra 
as well as the sprouting of potato tubers are negatively impacted by the presence of 
drought conditions (Arora et  al. 2010). The drought environment causes embryo 
abortion in tomato flowers (Bhatt et al. 2009). Water stress during the reproductive 
stage was reported to have reduced tomato output by more than 50% (Srinivasa Rao 
and Bhatt 2012). Water stress during the flowering stage is thought to decrease the 
amount of nutrients given to the floral organs during assimilation and photosynthe-
sis, which may enhance the pace of abscission. Increased soil solute concentration 
brought on by drought stress causes water to osmotically drain out of plant cells. 
Moisture stresses lowers the production of most vegetables by increasing the loss of 
water in the cells of plants and a variety of biochemical and physiological processes, 
including respiration and photosynthesis (Abewoy 2018). In addition to slowing 
down photosynthetic rate by lowering stomatal conductance, drought stress causes 
metabolic disfunction (Yordanov et al. 2013). When there is not enough water avail-
able, photosynthesis & the ability of photosynthesis are diminished. Reduced inver-
tase activity may alter the body’s capacity to metabolise sucrose, which could 
impact ovary growth and hexose concentration (Abewoy 2018).

1.2.2.1  Plant Response to Drought

In response to drought, plants have developed defences that differ depending on the 
species, the severity, and the length of the drought (Zhu et  al. 2020). Numerous 
physiological traits are linked to water availability and can be employed as indica-
tors of drought stress, such as leaf water potential, osmotic adjustment (OA), maxi-
mal quantum yield of PSII (Fv/Fm), water consumption efficiency (WUE), cell 
membrane integrity, and relative water content (RWC) (Hasanuzzaman et al. 2014; 
Goto et  al. 2021). The decrease in cell turgor pressure and associated processes 
(such stomatal closure) during drought stress suggest decreased water losses and 
decreased plant nutrient absorption from the soil (Escalante-Magaña et al. 2019; 
Taiz and Zeiger 2017). For instance, the tomato stomata close at a water potential 
between −0.7 and −0.9 MPa, whereas the pepper (Capsicum annuum L.) stomata 
close at a somewhat greater range between −0.58 and −0.88 MPa (Chatterjee and 
Solankey 2015). Stomata closure decreases transpiration on the one hand while 
decreasing gas exchange and photosynthetic rate on the other. Other metabolic 
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activities, such as the effectiveness of carboxylation, the quantity and regeneration 
of Rubisco, and the suppression of PSII activity are also impacted by prolonged 
drought stress. Since, drought-tolerant species have high WUE and can open their 
stomata quickly when the water deficit is alleviated, which enable them to fix car-
bon under stress (Chatterjee and Solankey 2015). Plants can modify OA by accumu-
lating organic solutes in their tissues in order to combat the physiological harm 
brought on by drought (Taiz and Zeiger 2017). The cellular osmotic potential is 
decreased by an increase in solute concentration, allowing water to enter the cells 
and stabilising their turgor. It has been demonstrated that in Brassica species, a high 
value of OA enables the extraction of water from 90 to 180 cm deep soil layers 
(Chatterjee and Solankey 2015). Additionally, genotypes with high OA allow for 
the maintenance of a high turgor pressure even when the leaf potential is below 
2.4 MPa (Chatterjee and Solankey 2015). Proline, glycine betaine, sugars (trehalose 
and sucrose), polyols (sorbitol, mannitol, arabitol, and glycerol), and other low- 
molecular- weight molecules, such as dimethylsulfonium propionate (DMSP), are 
among the most often found solutes in water shortage conditions (Escalante-Magaña 
et al. 2019; Sun et al. 2015). All of these substances serve as osmolytes, allowing the 
body to absorb water, as well as stabilisers and stress-resistance agents for proteins, 
cell membranes, chloroplasts, and liposomes (Razi and Muneer 2021). Proline has 
received a great deal of attention in particular because of its multifunctional role in 
plants’reactions to stress as a source of nitrogen and energy for cells as well as a 
radical scavenger (Sun et al. 2015). On the other side, it was discovered that proline 
contributes to the creation of cell wall proteins, such as extensin, that provide 
mechanical support under stress. In response to diverse abiotic pressures, glycine 
betaine builds up in a variety of species (plants, mammals, bacteria, cyanobacteria, 
and algae) (Escalante-Magaña et al. 2019). Because the light that is caught cannot 
completely be converted into chemically bound energy under drought stress, the 
pace of photosynthetic growth is delayed, and the energy surplus causes photo inhi-
bition, which results in a decrease in the maximum quantum yield of PSII reaction 
centres (Fv/Fm). Several methods, include non-photochemical quenching, photores-
piration through the Mehler reaction, and dissipation of non-radiant energy, and 
chlorophyll content management, can counteract the harmful effects of photo inhi-
bition. Fv/Fm can be used to both identify water stress circumstances and identify 
genotypes that are resistant to and susceptible to water stress. As an illustration, 
tomato genotypes tolerant against moisture stress and maintained good PSII activ-
ity, leading to better photosynthetic activity than susceptible genotypes (Chatterjee 
and Solankey 2015). The ratio of photosynthesis (ACO2) to transpiration (E) over 
time can be used to define water usage efficiency. Additionally, it shows the propor-
tion of dry matter accumulation to water use throughout the growing season. WUE 
stands for a genotype’s ability to efficiently absorb water from the soil in water- 
stressed situations. The genotypic differences in WUE, which are based on the abil-
ity to use soil water for absorption rather than transpiration, can help distinguish 
between tolerable and sensitive genotypes (Chatterjee and Solankey 2015).

Stress from the environment can disturb the cell membrane because it changes 
how permeable it is and causes ions to leak out. The loss of electrolytes from the cell 
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can be used to measure this loss. The electrical conductivity of cytoplasm can be 
used as a gauge of drought tolerance since tolerant genotypes keep their membranes 
intact and display less electrolyte leakage than sensitive genotypes do (electrolyte 
leakage) (Chatterjee and Solankey 2015). Another drought indicator is the RWC, 
which shows the hydration status of plant tissues under water stress. Although this 
decline is genotype-specific, it reduces as the water shortage grows (Zhu et  al. 
2020). Abiotic stressors like drought often result in an increase in the amount of 
ROS in plant tissues (Sun et al. 2015). When oxygen is reduced by reducing mole-
cules, ROS are created. When a plant is under stress from its environment, its sto-
mata close to prevent water loss and the amount of CO2 in its leaf’s decreases. This 
causes oxygen to be reduced in its radical forms, including superoxide (O2), hydro-
gen peroxide (H2O2), and hydroxyl radical (HO), through the action of NADPH, or 
reduced ferredoxin. It’s conceivable for macromolecules like proteins, lipids, and 
nucleic acids to react with the recently created ROS (Sgherri et al 2018).

1.2.2.2  Defence Mechanisms Against Drought Stress

According to the research, resistance to drought stress is produced by combining 
three separate defence mechanisms, namely escape, avoidance, and tolerance 
(Kumar et al. 2012; Giordano et al. 2021). Plants‘ability to complete their life cycle 
before the start of drought conditions allows for the escapement process. Plants 
mature more quickly as a result of this response, which is caused by the shorter 
maturation durations for the distinct phenological phases (Kumar et al. 2012). On 
the other hand, the avoidance approach results in high water potential in plant tis-
sues by increasing water absorption and reducing water losses from cells during the 
dry periods. This is achieved via a variety of methods, such as decreasing the can-
opy and leaf area, which decreases transpiration by diminishing the perception of 
solar radiation. Stomata closure, the production of cuticular wax, and adjustments 
to root density and length are also a part of this system (Kumar et al. 2012; Giordano 
et al. 2021). Finally, plants may endure drought stress if they maintain cellular tur-
gor and water loss in circumstances of moisture deprivation and low water potential. 
This can be accomplished by increasing the cytoplasmic concentration of solutes 
(such as OA), increasing the flexibility of cell membranes, and shrinking the size of 
the cells (Kumar et al. 2012). Despite the fact that plants‘ability to endure in water- 
stressed conditions has overall advantages, the adaptation processes may result in 
undesirable features that have a detrimental effect on crop yield and output. For 
example, stomatal closure or a reduction in leaf area significantly affect CO2 absorp-
tion, which affects biomass output and total yield (Kumar et al. 2012). While osmo-
lytes accumulation may have a negative impact on the quality of the finished 
product, osmotic regulation by osmotic adjustment typically entails a significant 
energy expenditure, reducing the amount of photons available for biosynthetic pro-
cesses. Therefore, it is imperative to establish the ideal balance between crop per-
formance and drought survival, especially in commercial farming settings.
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1.2.2.3  Drought Responsive Genes

Numerous species have been shown to include genes that alter physiological and 
morphological features in response to drought stress. For instance, the expression of 
numerous genes’ recessive alleles dictates root thickness whereas the activity of 
several genes and the expression of their dominant alleles defines the length and 
number of roots (Kumar et al. 2012). The genes involved in the accumulation of 
solutes (such as the mannitol-accumulating mtlD gene or the proline-accumulating 
P5CS gene) useful for reversing the decline in water potential in plants, encode vari-
ous enzymes required for the production of these molecules.

Several species have previously discovered several of these genes, and their over-
expression results in particular responses to drought tolerance (Kumar et al. 2012). 
DREBs/CBFs and ABF3 genes that produce transcription factors that provide resis-
tance to cold, salt, and drought stress; The production of transcription factors by the 
SNAC1 gene increases stomata’s sensitivity to ABA, which reduces water loss. 
When there is dryness, the ERA1 gene decreases stomatal conductance; 
Mn-superoxide dismutase is produced by the Mn-SOD gene, which confers resis-
tance to several forms of stress; Root development is influenced by the AVP1 gene; 
Osmo-tolerance is mediated by the build-up of proline and mannitol via the P5CS 
and mtlD genes. Increased photosynthetic rate and tolerance to water deprivation 
during drought stress are mediated by the GF14l gene; WUE and stomatal conduc-
tance are affected by the NADP-Me gene. Under drought stress, the wilty gene 
contributes to the withering of tomato leaves. (Kumar et  al. 2012; Giordano 
et al. 2021).

1.2.3  Salinity

Salinity is a serious problem that inhibits the growth and production of vegetable 
crops in many salt-affected areas. Throughout the course of a plant‘s development, 
many agricultural crops, including the majority of vegetables, are highly sensitive, 
suffer from excessive soil salt, which lowers output (Abewoy 2018). Because of the 
comparatively large solute concentrations in the soil, salinity physiologically 
imposes an initial water deficit, results in ion-specific stressors from changing K+/
Na+ ratios, and creates a build-up of Na+ and Cl− concentrations that are harmful to 
plants. Salt stress causes the plant to lose its turgor, grow more slowly, wilt, shed its 
leaves, produce less respiration and photosynthesis, lose its cellular integrity, 
develop tissue necrosis, and eventually die (Cheeseman 2008). Onions are extremely 
vulnerable to saline soils, but cucumbers, eggplant, peppers, and tomatoes are just 
marginally sensitive to them.

In cabbage, salinity significantly lowers the germination rate, germination per-
centage, length of the fresh shoot and root weight (Jamil and Rha 2014). Because 
the mechanism in early, growing potato leaves that prevents salt build up from 
occurring has been disrupted, the combined stress of saline and heat causes 
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vegetative development recovery to fail. The leaf area index and canopy function 
are adversely affected by this (Bustan et al. 2004). As stated by Lopez et al. (2011), 
In chillies, salinity lowers down the net absorption rate, relative growth rate, leaf 
area, and dry matter production.

The author also mentioned that salinity has a greater impact on fruit production 
per plant than it does on fruit weight. All cucurbits lose fresh and dry weight due to 
high salt content. Relative water content and total chlorophyll content changes are 
related to these changes. Salt stress in bean plants inhibits growth and photosyn-
thetic activity, as well as changing the conductivity, number, and size of stomata. 
Salinity reduces transpiration and cell water potential in bean plants (Kaymakanova 
et al. 2008). It is well recognised that the excessive saline levels of soil and irriga-
tion water influence many metabolic & physiological processes, which inhibits cell 
development.

1.2.3.1  Plant Response to Salinity Stress

Dissolved salts in the soil solutions come into direct contact with roots due to the 
osmotic effect and may hinder plant growth by reducing water potential in leaves 
and tissues. Plant development and production will be hampered by an excessive 
concentration of salts since these substances might interfere with key processes 
including among other things, germination, photosynthesis, nutrition balance, and 
redox balance (Petretto et al. 2019; Parihar et al. 2015). For instance, salinity may 
hinder germination because it lowers the osmotic potential of the germination media 
and inhibits seed imbibition (Parihar et al. 2015) & it also modifies the activity of 
enzymes necessary for the metabolism of proteins and nucleic acids (Parihar et al. 
2015). Species and cultivars utilised, as well as salt levels, all affect salinity’s impact 
on germination differently (Lauchli and Grattan 2007). Salinity and germination 
rate typically have a negative association, as evidenced by studies on rice, wheat, 
maize, Brassica spp., and tomato (Giordano et al. 2021). Two distinct phases of the 
salinity influence on plant development can be seen (Parihar et al. 2015). The initial 
stage of salinity has no detrimental effects on plant growth because Na+ and Cl− that 
enter the xylem are collected in the vacuoles and the meristems continue to grow by 
feeding through the phloem. Only the decrease in the growth of the leaves and roots 
is seen during this period (Parihar et al. 2015). During the second phase, salts accu-
mulate in plant tissues, but cells are unable to store them in vacuoles. As a result, the 
cytoplasmic salt content increases and various enzymes’ activities are significantly 
reduced. Salinity also affects photosynthesis because it lowers plant water potential 
and produces more chlorophyll. Cl was found to particularly inhibit chlorophyll 
synthesis, and 490 mg kg−1 of Cl in the soil may result in a 10% decrease in crop 
yield (Parihar et al. 2015). However, there are species-specific differences, and the 
levels of Cl required for plant growth can vary from 4–7 mg g−1 for species that are 
Cl sensitive to 15–50 mg g−1 for species that are Cl tolerant (Parihar et al. 2015). 
Salt can also lessen the number of carotenoids and xanthophylls as well as the inten-
sity of chlorophyll’s fluorescence, as shown in mung beans. However, it was shown 
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that chlorophyll b is more susceptible to a rise in salt than chlorophyll a (Saha et al. 
2010). Salinity can jeopardise the nutritional balance of plants because of its adverse 
impact on nutrient uptake and delivery within the plant (Parihar et al. 2015). Salinity 
significantly affects pH and redox. Potential of soil solution, which decreases the 
solubility of micronutrients. However, the species and salinity levels affect the 
micronutrients status (Parihar et al. 2015). Salinity may reduce the absorption of 
nitrogen due to interactions between sodium and NH4

+  or chlorine and nitrate 
(Parihar et al. 2015). Atriplex griffithii’s shoots and leaves showed decreased Ca 
absorption as a result of excessive salinity, although K levels were steady in the 
roots and decreased in the leaves. Due to the high salinity, the shoots and leaves of 
Atriplex griffithii exhibited decreased Ca absorption, but the K levels in the roots 
and leaves were stable (Parihar et al. 2015). Additionally, it was demonstrated that 
soluble ions (Na+, Cl−, SO4

--) in the soil reduced phosphate absorption (Parihar et al. 
2015). As the stomata close, an excessive amount of energy is transferred to oxygen, 
resulting in the creation of superoxide (O2), hydrogen peroxide (H2O2), hydroxyl 
radical (OH-), and singlet oxygen, high salinity may cause oxidative stress compa-
rable to drought and heat stress (1O2) (Raza et al. 2020; Petretto et al. 2019).

1.2.3.2  Plant Salinity Defence Mechanisms

Halophytes are referred to as plants that can survive in salty environments. The abil-
ity of plants to tolerate salt is influenced by a variety of traits at the genomic, pro-
teome, and metabolomic levels. The plant uses a variety of strategies to deal with 
high salt concentrations, including reducing, absorbing and moving of salt or com-
partmentalising and extruding salts from plant tissues. The transcription level of 
proteins is altered during salt stress, but post-transcriptional alterations are also an 
issue. The answers provided by genomic and transcriptomic analysis can therefore 
be completed by proteomic analysis. A proteomic investigation of a protein’s func-
tion, post-transcriptional alterations, subsequent interactions with other proteins, 
and distribution in the cell and tissues may all be used to learn more about a pro-
tein’s function in salt stress tolerance. Different protein types undergo functional 
group changes during salt stress. Among these are ion transporters, energy- 
metabolizing proteins, and signal proteins. Saline stress activates some of these 
proteins, such as the calcium-binding calmodulin and annexin. They are involved in 
the transmission of abscisic acid signals. The transmission of saline stress signalling 
is mediated by additional guanosine triphosphate-binding proteins from the Rab 
family (GTPase). Under saline stress, OsRPK1 protein kinase controls plasma mem-
brane H+-ATPases and restores ion homeostasis. Additionally discovered to accu-
mulate during salt stress, the glutamate ammonia ligase protein aids with plant 
tolerance. It contributes to the synthesis of amino acids and the uptake of nitrogen.

Additionally, it was shown that salt stress causes the protein glutamate ammonia 
ligase, which is essential for assimilating nitrogen and producing amino acids, to 
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build up (Kumar Swami et al. 2011) as well as glutamine synthetase. Several of 
these proteins are down-regulated in salt-sensitive plants, such as potatoes, empha-
sising their significance for salt tolerance. Protein breakdown is another feature of 
the changes observed at the protein level during salt stress.

An illustration of this is the rise in the ATP-dependent metalloprotease FtsH-like 
protein, which breaks down PSII’s D1 core component. Under saline conditions, 
osmotic stress causes stomata closure, which lowers CO2 absorption. This decrease 
affects the proteins that make up the Oxygen evolving enhancer (OEE) complex 
proteins, Rubisco subunits, and Rubisco activase. NADPH reductase and CP47 pro-
tein in ferredoxin, which protects D1 cells from salt stress, are additional proteins 
whose concentrations fluctuate (Parihar et al. 2015). Salinity causes the enzymes 
necessary for the manufacture of numerous hormones to increase, including the 
amounts of ethylene, abscisic acid, jasmonic acid, and giberellins (Raza et al. 2020). 
Lipid metabolism also has a role in salinity. For instance, the decrease of monoga-
lactosyl diacylglycerol synthase, an enzyme of the galactosylglycero lipids of the 
membranes of chloroplasts and thylakoids, jeopardised the integrity of cell mem-
branes (monogalactosyl diacylglycerol, digalactosyl diacylglycerol) (Parihar 
et al. 2015).

1.2.3.3  Salinity Responsive Genes

Plants that are tolerant seem to have particular genes that sensitive plants lack. The 
literature has identified three gene families as being crucial for salt tolerance: (i) 
genes that control how ions are transported and absorbed; (ii) genes that modulate 
osmotic pressure (iii) the genes that influence plant development (Munns 2005). 
Analysis of Arabidopsis mutants prone to high external Na+ concentrations allowed 
for the discovery of three SOS genes implicated in salt tolerance (Parihar et  al. 
2015) (i): SOS1 encodes a protein kinase that activates SOS1, SOS2, and SOS3. SOS3 
also produces a calcium-binding protein that activates SOS2, as well as a plasma 
membrane Na+/H+ transporter that transports sodium in the apoplast. Additionally, 
SOS4 (a fourth gene) appears to control SOS1, SOS2, and the SCaBP8 protein, which 
is controlled by SOS2 (Parihar et al. 2015). Not only was salinity tolerance seen in 
Arabidopsis plants with overexpressed SOS genes, but also a decrease in Na+ accu-
mulation and an increase in K+ accumulation. (Yang et al. 2009). SOS1, SOS2, and 
SOS3 genes have been linked to tolerance to salt stress and a high Na+/K+ ratio in 
Brassica and rice (O. sativa L.) plants (Giordano et al. 2021). Other genes produce 
suitable solutes, osmolytes, or osmo protectors. Four classes of these osmolytes are 
distinguished: N-containing solutes include sugars like sucrose and raffinose, 
straight-chain polyhydric alcohols (polyols), such as mannitol and sorbitol, and 
cyclic polyhydric alcohols (cyclic polyols) (Parihar et al. 2015). The genes involved 
in plant development are all influenced by hormones, transcription factors, signal 
molecules, and environmental stressors. Examples of stress sensor molecules that 
can vary their concentration or proteins that can change their structure in response 
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to drought, salt, and cold include the molecules that move from roots to shoots to 
create tolerance to salinity stress (Parihar et al. 2015).

1.2.4  Flood

Another important abiotic stress is flood by which the development and productivity 
of vegetables are negatively affected, which are typically thought of as crops prone 
to flooding (Parent et al. 2008). O2 deficit is typically brought on by flooding situa-
tions because of the sluggish gas diffusion in water and the O2 consumption of 
microbial life and plant roots. The majority of crops are extremely vulnerable to 
flooding, and tomato in particular exhibits minimal genetic diversity in this regard. 
Vegetables damaged by flooding are typically harmed because there is less oxida-
tion in zone of root, which hampered aerobic functions. Solanum lycopersicum 
plant that have been flooded build up endogenous ethylene, which harms the plants 
(Drew 2009). In tomatoes distinctive responses to wet conditions is the quick devel-
opment of epinasty growth of the leaves, and the significance of ethylene build-up 
has been suggested. Rising temperature make flooding symptoms more severe, and 
tomato plants typically wilt and die quickly after a brief flooded interval during a 
hot season (Kuo et al. 2014). Flooding during bulb development in onion also causes 
yield lose up to 30–40%. The growth stage, duration, and intensity of the shocks, 
which collectively account for more than 50% of yield losses globally, determine 
how plants react to environmental pressures (Kumar 2017).

Vegetable plants’ physiology is impacted by flooding. Reduced stomatal conduc-
tance is one of plants‘earliest physiological responses to soil flooding (Folzer et al. 
2006). It increases the amount of CO2 inside the plant, slows down carbon exchange 
significantly, increases CO2 concentration, and ultimately raises leaf water poten-
tial. It also causes a decrease in stomata conductance (Liao and Lin 2014). Flooding 
has a detrimental impact on plant development, both vegetative and reproductive as 
a result of its deleterious effects on physiological function. Flooding harms sensitive 
crop plants by causing leaf chlorosis and reducing root and shoot development as 
well as the build-up of dry matter and overall plant production. Storms can increase 
the windborne distribution of spores, heat waves and drought can make all the plants 
more prone to disease & flooding can facilitate the transmission of water-borne 
infections (Abewoy 2018).

1.2.5  Responses of Insects and Diseases to Climate Change

Additionally, climate change affects insect pests‘ecology and biology (Jat and 
Tetarwal 2012). In several insect groups, higher temperatures encourage reproduc-
tion and expedite the conclusion of the life cycle of insects with short life cycles, 
such as aphids and diamondback moths. Consequently, these are able to produce 
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more generations every year than they often do (FAO 2009). Contrarily, certain 
insects’ life cycles might take a long time to complete.

Some insect species that spend all or part of their life cycle under soil likely to 
suffer more than insects that are present above the soil surface because soil acts as 
an insulating medium that tends to buffer temperature changes more than the air 
(Bale et al. 2002). Insect species migrate to higher latitudes as a result of tempera-
ture rise, however in the tropics, greater temperatures may have a negative impact 
on certain nuisance species. High atmospheric temperatures lead to an increase in 
insect development and oviposition rates, insect outbreaks, and the introduction of 
invasive species, while the capacity of fungi for biological control of insects 
increases, the accuracy of economic threshold levels, insect diversity in ecosystems, 
and parasitism all decrease (Das et al. 2011).

The growth of the Colorado potato beetle, European corn borer, onion maggot, 
and cabbage maggot will all be accelerated by rising temperatures (Newton et al. 
2011). The breeding season will last longer as a result of rising temperatures, which 
will further boost reproduction. Insects may be able to reach their minimum flying 
temperature with increased temperatures, earlier, enhancing their ability to disperse, 
according to studies on aphids and moths (Zhou et al. 1995). Because stored nutri-
ents are used up more quickly at warmer temperatures, the length of an insect’s 
diapause is shortened. Warming in winter may delay the beginning of diapauses in 
insects, while warming in early summer may hasten their end, allowing the insects 
to resume active growth and development. This has a significant consequence that, 
in a global warming scenario, a temperature increases of between 1 and 5 °C will 
improve the survivability of insects because of population increase, early infesta-
tions, decreased winter mortality, and agricultural loss brought on by insect-pests as 
a result (Harrington et al. 2010; Abewoy 2018).

1.2.6  Adaptive Management Strategies for Climate Change

The implementation of suggested production processes should be prioritised in 
order to enhance the efficiency of water consumption and adjust to the dry, hot con-
ditions. According to Welbaum (2015), methods like shifting planting or sowing 
dates should be used to reduce the predicted spikes in temperature and water stress 
during the agricultural growing season. Increasing nutrient availability can be done 
by improving soil fertility and nutrient absorption with soil amendments and chang-
ing fertiliser application. The two crucial low-cost interventions are conserving soil 
moisture reserves and providing irrigation throughout key stages of crop growth 
(Malhotra 2016). The use of plastic mulches and crop leftovers as mulches, among 
other crop management technique, helps to preserve soil moisture.

Moreover, some colourful plastic mulches also useful for management of insect- 
pests and diseases in various vegetable crops under climate change scenario 
(Table 1.1).
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Table 1.1 Use of coloured mulches in vegetable cultivation

Mulch 
colour Advantages/ Benefits Vegetable crops

Transparent Soil solarization, moisture conservation. Crop raising can be 
performed in temperate 
areas/ season

Black Preventing the soils from sun light, increases soil 
temperature, suppress weed growth, reduce moisture 
loss and increase crop yield.

–

Silver Increase crop output, deters certain aphids and 
whiteflies, and lowers soil temperature, all of which 
help prevent or postpone the spread of insect- 
transmitted viruses.

Okra, chilli and 
capsicum

Red Increasing soil temperature, supress weed growth, soil 
moisture conservation, increasing crop yield, 
suppression of nematodes and early blight.

Tomato

Blue The colour is appealing various thrips species which are 
responsible for transmission of viral diseases in many 
cucurbitaceous vegetables and potato.

Cucumbers, summer 
squash, bitter gourd

Green IRT Supress weed growth, mild increasing soil temperature. Muskmelon/Cantaloupe
Yellow Serves as a trap to attracts whitefly, cucumber beetle, 

aphids and ultimately prevent damage to the main crop.
–

Modified from Chandra (2009)

Growing crops in raised beds could help in situations where too much soil mois-
ture from a lot of rain becomes a serious issue (La Pena and Hughes 2007). The 
authors also mentioned that growing vegetables might be done using clear plastic 
rain shelters, which would have less adverse effect on developing fruits and would 
also result in less flooding of the fields during the rainy season. During rainy season, 
vegetables which are grown on raised beds produce more because of enhanced 
drainage, which lessens anoxic stress on the root system (Welbaum 2015).

Increased ability to withstand stress through to grafting: Vegetable grafting was 
first used in East Asia in the twentieth century to lessen the impacts of soil-borne 
diseases like fusarium wilt, which lowers the output of vegetables including tomato, 
eggplant, and cucurbits (Lee et al. 2008). In Asian countries like Japan and Korea, 
grafting is recognised as a standard practise in the cultivation of vegetables. This 
practise is an effective, quick substitute for the generally slow breeding methodol-
ogy meant to increase the ability of horticultural crops, and vegetables in particular, 
to withstand environmental stress (Martinez Rodriguez et al. 2010). One of the most 
effective ways to modify a plant‘s root system and increase its resistance to numer-
ous abiotic challenges is by grafting (Bhatt et al. 2013).

Grafted plants are most commonly used in many vegetable crops to increase 
tolerance to abiotic stresses such as minimum and maximum temperatures, dehy-
dration, salt, and flooding (Martinez Rodriguez et  al. 2010). The production of 
grafted plants in crops like Solanum lycopersicum, Solanum melongena, Capsicum 
annuum and cucurbits (melon, cucumber, watermelon, and pumpkin) has expanded 
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recently due to these advantageous effect of grafting (Lee et  al. 2010). Grafting 
began with eggplants in the 1950s, then cucumbers and tomatoes in the 1960s and 
1970s (Edelstein 2004). Yetisir et  al. (2006) reported that grafted melons were 
shown to be highly resistance to salt as compare to melons that are not grafted when 
grown on hybrid squash rootstocks. However, rootstocks’ susceptibility to salt var-
ies widely between species, with rootstocks from Cucurbita spp. being maximum 
tolerant to salt than those from Lagenaria siceraria (Matsubara 2012). Because 
certain eggplant cultivars can withstand drought, eggplant rootstocks may offer pro-
tection against soil moisture stress in addition to floods. The plant‘s ability to with-
stand heat stress is improved when temperature-sensitive tomato varieties are 
grafted onto varieties of more heat-resistant rootstock. According to reports, tomato 
grafted plants grow more successfully compared to ungrafted plants under heat 
stress. Additionally, the fruit output of the eggplants (S. melongena cv. Yuanqie) 
increased by 10% after they were grafted onto a rootstock that is heat-resistant (cv. 
Nianmaoquie). Creating climate-resilient vegetables: The most affordable way for 
farmers to handle the problems of a changing climate is to develop improved, adapt-
able vegetable germplasm. (Altieri et al. 2015). However, the majority of contempo-
rary cultivars only reflect a small portion of the genetic diversity that is now 
accessible, including stress tolerance. It’s possible that features that might have 
helped new varieties adapt or tolerate low input and unfavourable circumstances 
were counter-selected when they were bred, especially for high-input, intense man-
ufacturing systems in industrialised nations. The production of better varieties with 
a greater capacity for environmental adaptation may result from the identification of 
specific genetic variation for tolerance to various biotic and abiotic stimuli. The 
ability to recognise and create genotypes may be achievable with enhanced proper-
ties caused by superior allele combinations at several loci. To find out these enhanced 
genotypes and related features, particularly in related, wild species that thrive in 
conditions that are inhospitable to the establishment of their domesticated relatives, 
cultivated variety, improved selection procedures are required. Plants that are native 
to areas with substantial seasonality offer opportunities to discover the genes or 
gene combinations that confer such resilience because of their innate capacity to 
adjust to changing environmental conditions. Due to the genetic and physiologic 
complexity of this trait, attempts to increase salt tolerance in crops through tradi-
tional breeding programmes had relatively little success (Flowers 2008).

Furthermore, tolerance at one stage of plant growth does not always coincide 
with tolerance at other stages; tolerance is a developmentally regulated, stage- 
specific phenomenon. Effective screening techniques, genetic diversity, and the 
capacity to transfer genes to the target species are necessary for successful breeding 
for salt tolerance. Only a little amount of variety occurs in cultivated species, and 
the majority of commercial tomato cultivars are only mildly susceptible to increas-
ing salt (Flowers 2008). In both domesticated and wild tomato species, there exist 
genetic variations for salt tolerance during seed germination. The capacity of tomato 
seed to germinate quickly under salt stress is genetically regulated, as demonstrated 
by a salt-sensitive tomato line (UCT5) and a salt-tolerant S. esculentum accession 
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(PI-174263) hybrid with a narrow-sense heritability (h2b) of 0.75 (Fooland and 
Jones 2011). According to various research, the ability of tomato seeds to tolerate 
salt during germination is regulated by genes with cumulative effects and might be 
enhanced through directed phenotypic selection (Foolad 2014). Vegetable kinds that 
can resist high or variable levels of salinity and are suitable for various production 
settings may arise more quickly if the mechanism of salt tolerance at different 
growth phases is understood and salinity tolerance genes are introduced into vege-
tables. Vegetable varieties that can withstand heat, drought, and salt have been pro-
duced in India by the ICAR-IARI in New Delhi, the ICAR-IIHR in Bengaluru, the 
ICAR-IIVR in Varanasi, the CPRI in Shimla, as well as other recognised organisa-
tions and universities (Table 1.2).

1.2.7  Plant Biotechnology

Vegetable crop development has until recently, mostly been limited to traditional 
breeding methods. These programmes rely on both naturally occurring and pur-
posefully induced random mutations, as well as interspecific hybridization of plants 
with desirable heritable traits. The insertion of additional genetic information may 
lead to greater taste, heightened sensitivity to environmental factors, or increased 
resistance to illnesses. The insertion of genetic material (single or multiple genes) 
and its integration into a recipient cell, which affects the plant genome, is known as 
plant genetic engineering, also known as genetic engineering of plants. Transgenic 
plants or genetically modified (GM) plants are those with altered genomes. The 
direct biotechnological change of an organism’s genome is known as genetic engi-
neering, often referred to as genetic modification. The term “genetically modified 
organisms” (GMOs) refers to creatures whose DNA has undergone a change that 
does not occur normally. The field is frequently referred to as “modern biotechnol-
ogy,” “gene technology,” “recombinant DNA technology,” or “genetic engineering.” 
It makes possibility for some genes to be transferred between unrelated species as 
well as between different creatures. By using such techniques, GM plants are cre-
ated, which are subsequently utilised to cultivate GM food crops. In recent years, 
cointegrate and binary vectors, which are modified versions of the Ti and Ri plas-
mids of the hairy root disease bacterium Agrobacterium rhizogenes and the crown 
gall bacterium Agrobacterium tumifaciens, respectively, have been employed to 
transmit genes coding for tolerance to biotic and abiotic stressors (Srivastava 2003).

In order to boost agricultural output in unfavourable conditions, advanced tech-
nology will be required to augment conventional tactics, which are usually insuffi-
cient to prevent yield losses due to environmental constraints. Genes have been 
identified, and their roles are now known. As a result, it is now feasible to geneti-
cally modify genes that are related to environmental stress tolerance. These instru-
ments are expensive, but they also guarantee quicker and even stunning results. 
Several efforts use these genetic and molecular technologies, with varying degrees 
of success. Vegetable stress tolerance has not been extensively studied using 
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Table 1.2 Vegetable varieties with various stress tolerance released in India for cultivation

Cold tolerance
Tomato Pusa Sheetal, Pusa Sadabahar, Punjab Tropic, Pusa 

Hybrid-8
Radish Pusa Himani
Potato Kufri Sheetman and Kufri Dewa (frost tolerant)
Heat tolerance
Tomato Pusa Hybrid-1, Pusa Sadabahar
Cauliflower Sabour Agrim
Bottle gourd Pusa Santusthi
Cucumber Pusa Barkha, Pusa Uday
Carrot Pusa Kesar
Potato Kufri Surya
French bean Arka Garima
Garden pea Arka Tapas, Arka Uttam, Arka Chaitra
Radish Pusa Chetki
Cow pea Arka Garima
Ivy gourd Thar Sundar
Sponge gourd Thar Tapish
Drought tolerance
Tomato Arka Vikas, Arka Meghali
Brinjal Bundelkhan Deshi
Chilli Arka Lohit
Potato Kufri Sheetman, Kufri Sindhuri
Sweet potato Sree Nandini, Sree Bhadra
Cassava H-97, Sree Sahya
Onion Arka Kalyan
Dolichos bean Arka Jay, Arka Vijay
Pumpkin Thar Kavi
Drumstick Thar Harsha
Salt/high soil pH tolerance
Tomato Sabour Suphala
Eggplant Pragati and Pusa Bindu
Okra Pusa Sawani
Musk melon Jobner 96-2
Spinach beet Jobner Green
Onion Hisar-2

Compiled from Singh et  al. (2020), Koundinya et  al. (2018), Solankey et  al. (2015), Kumar 
et al. (2012)

molecular markers, although attempts are being made to pinpoint the QTLs that 
underlie this tolerance. In tomato, QTLs for drought resistance have been found. 
Based on 13C composition, in tomato species S. pennellii three QTLs were shown 
to be associated with water usage effectiveness. When S. pennellii was planted in 
Israel’s wet and dry fields, three distinct yield-promoting zones were found, while 
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Foolad et al. (2010) discovered four QTLs, two of which were provided by S. pimpi-
nellifolium, that were connected to seed germination drought tolerance. Additionally, 
S. pimpinellifolium is being researched in order to develop a salt tolerance. Salt 
tolerance appears to be quantitatively inherited according to QTL mapping. (Foolad 
2014). Lin et al. (2006) discovered RAPD (random amplified polymorphic DNA) 
markers relating to tomato heat tolerance line CL5915 from AVRDC-The World 
Vegetable Centre, Taiwan. At the Centre, more research is being done to completely 
comprehend the genetic basis of CL5915’s heat tolerance. Studies show that stress 
tolerance is quantitatively inherited, and that in some circumstances, it is influenced 
by the stage of growth of the plant. (Abewoy 2018). The researchers noted several 
limitations in conventional breeding, which can only be solved by developments in 
contemporary biology. Vegetable crops have been successfully engineered during 
the past 10 years to possess a variety of qualities, including resistance to biotic 
stress, quality, and storage life. Some of these features have already been marketed. 
Today, it is possible to modify vegetable crops for abiotic stress resistance, quality 
enhancement, therapeutic uses, and industrial applications.

Although transgenic vegetable crop commercialization has advanced at a rather 
modest pace, transgenic vegetables modified for nutraceutical and medicinal appli-
cation will soon make a substantial contribution to value-added agriculture. 
Vegetable crops have been effectively improved through genetic engineering tech-
niques based on the introduction of transgenes. These techniques primarily focused 
on increasing crop productivity, improving resistance to biotic and abiotic chal-
lenges, and producing vegetables with superior nutritional value. There are two fun-
damental methods for transferring genes into plant cells. These methods include 
vector-mediated genetic transformation techniques and direct transformation meth-
ods. Although several transgenic vegetables have been field-tested, development of 
transgenic vegetable crops for commerce is still moving at a glacial pace. Only 
tomato plants with extended shelf life and insect- and virus-resistant potatoes have 
been commercialized among vegetable crops. One significant drawback is that, 
even in industrialized nations, public acceptance of genetically modified food is not 
very widespread. The dissemination of knowledge regarding the benefits and safety 
of transgenic crops is crucial. In addition to producing more food to fulfil demand, 
there is a pressing need to use fewer chemicals in agriculture to maintain environ-
mental quality and safeguard biodiversity. Additionally, this would increase the 
small farmers and others with limited access to resources’ economic security.

In the third world, transgenic vegetables will be very helpful in reducing misery. 
Using modified veggies will make it simpler to defeat deadly illnesses like cholera, 
hepatitis, and diarrhoea. For transgenic technology to be used and accepted more 
widely, some application-related obstacles must be overcome. Environmental risks 
must be thoroughly evaluated on a case-by-case basis, including the effects of trans-
genic goods on human health and cross-pollination with closely related wild rela-
tives of agricultural plants. Furthermore, there are several concerns about the use of 
antibiotic and herbicide resistance genes as selectable markers from the perspec-
tives of ecological and human safety. The public may be more accepting of trans-
genic crops if alternative techniques are used to generate marker-free transgenic 
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plants (De Vetten et al. 2003) building binary vectors or tiny chromosomes to allow 
for repetitive gene transfers (Goderis et al. 2002). Our capacity to add features with 
long-lasting benefit may be further increased through improvements in transforma-
tion methods for vegetable crops. Molecular markers have been developed to distin-
guish between various vegetable types in tomato, potato, onion, garlic, and their 
relatives. Numerous molecular markers have been used for DNA fingerprinting of 
cultivars and breeding lines in a range of vegetable crops, including Solanum lyco-
persicum, Phaseolus vulgaris, Capsicum annuum, and Solanum tuberosum (Amin 
et  al. 2010). Major disease resistance in tomatoes has been related to molecular 
markers, including the powdery mildew resistance gene ol-1 on tomato chromo-
some 6, the tomato mosaic virus, and Meloidogyne incognita (Ansari 2015). The 
MAS has also been used to support backcross breeding operations in the following 
ways: either by using markers to select for (or against) a certain background geno-
type, or by using markers to identify the gene that is to be introgress.

Recombination between the marker and the target gene, a small degree of paren-
tal polymorphism with different traits, and decreased precision of QTLs as a result 
of environmental interaction all restrict the use of the MAS in agricultural plants. 
Unfortunately, there are currently no molecular markers available for a number of 
significant features that are regulated by several genes or polygenes. Finding 
answers to these issues is not difficult given recent advancements in both structural 
and functional genomics. The availability of high-density genomic and physical 
mapping enables the identification of markers that are physically closer to the target 
gene and would reduce MAS failure due to genetic recombination. Furthermore, the 
construction of allele-specific markers would be made feasible by the cloning and 
characterisation of the target genes, which is conceivable given their location on the 
linkage map. By using such markers, any chance of the marker-trait relationship 
breaking would be absolutely eliminated. Additionally, allele mining in the germ-
plasm resources would be made easier by markers based on gene sequences, allow-
ing for the discovery and use of novel alleles in crop development.

1.2.8  Climate Change in the Future and Its Effects 
on Vegetable Production

The atmosphere contains a lot of greenhouse gases that are persistent. As a result, 
even if emissions stopped growing, atmospheric concentrations of greenhouse gases 
would keep rising and staying high for hundreds of years. In addition, assuming 
concentrations were maintained and the makeup of the atmosphere today remained 
constant (which would necessitate a sharp decrease in existing greenhouse gas 
emissions), the temperature of the surface air would rise further. This is due to the 
fact that it takes decades for the seas, which store heat, to completely react to grow-
ing levels of greenhouse gas emissions. Over, coming decades to centuries, the cli-
mate will continue to be impacted by the ocean’s response to rising temperatures 
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and concentrations of greenhouse gas (IPCC 2013). By 2100, global temperatures 
are predicted to increase by 0.5 °F on average, reaching 8.6 °F, with increases of at 
least 2.7 °F predicted in all save the scenario with the most extreme cuts in green-
house gas emissions.

The average global temperature is predicted to rise by at least twice as much in 
the coming 100 years as it did in the previous 100, barring the most drastic mitiga-
tion measure thought of. Over land than overseas, temperatures at ground level are 
anticipated to rise more quickly. It is anticipated that some regions of the world will 
experience greater temperature rises than the global average (IPCC 2013). In most 
places, the amount of rain that falls during extreme weather is predicted to rise, 
while storm trajectories are anticipated to move poleward (IPCC 2013). Through 
the end of the century, global average annual precipitation is anticipated to rise, 
although regional variations in precipitation volume and severity will be substantial. 
Precipitation occurrences’ average heaviness is probably going to get heavier. High-
latitude and tropical regions, where it is also projected that precipitation would rise 
overall, will be where this will be most obvious. Tropical storm- related wind speeds 
are probably going to get stronger. Additionally, it’s expected that tropical storms 
will provide more precipitation overall. It is anticipated that annual average precipi-
tation would rise in certain places and fall in others. The projection of regional 
variations in precipitation under two emission scenarios is shown in the picture to 
the right (IPCC 2013).

1.2.9  Conclusions

In order to fulfil the demands of a population that is constantly expanding, the 
world’s agriculture, particularly the production of vegetables, is currently facing a 
challenging position. From a finite amount of land, we must produce more and more 
food. Increasing biotic and abiotic forces, deterioration in the state of the environ-
ment, and the threat of escalating global warming brought on by greenhouse gases 
all contribute to the problem’s aggravation. The scrumptious veggies are highly 
susceptible to hot, dry, and flooding weather. The impact of climate change on agri-
cultural growth, development, yield, and quality must thus be thoroughly studied. 
The development of adaption technology and calculating the crops’ ability to reduce 
emissions should also be priorities. Increased temperatures have a negative impact 
on vegetable crop production and output by reducing crop length, blooming, fruit-
ing, fruit size, and ripening/maturity.

It will be necessary to modify the present vegetable systems to accommodate the 
expected effects of climate change in order to boost the production and consump-
tion of nutritious vegetables and reduce hunger and poverty in emerging nations. To 
lessen the effects of climate change on the quantity and quality of vegetable crop 
production, develop efficient adaptation techniques. Priority should be given to the 
development of industrial solutions for more effective water use that can be tailored 
to the hot, dry circumstances. The use of plastic mulches and crop leftovers as 
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mulches, among other crop management techniques, helps to preserve soil mois-
ture. Raised beds allow for crop cultivation, which is a key solution to the issue of 
excessive soil moisture brought on by heavy rain. Vegetable germplasm with resis-
tance to drought, high temperatures, and other environmental problems as well as 
the capability to sustain output on marginal soils must be discovered in order to 
serve as sources of these traits for both public and commercial vegetable breeding 
programmes. These genetic materials will contain both domesticated and wild 
accessions with genetic diversity that is not present in currently popular cultivars. 
To introgress, uncover genes giving resistance to stressors, and simultaneously pro-
duce tools for gene isolation, characterisation, and genetic engineering, genetic 
populations are being produced. Agronomic practises that protect vegetable crops 
from adverse environmental conditions and conserve water must also be constantly 
developed and made widely accessible to farmers in impoverished countries. In 
addition to employing enzymes and antioxidants as defence mechanisms, secondary 
metabolism chemicals like phenyl propanoids and hormones that cause morpho-
logical and physiological changes in response to external stimuli can also help 
plants adapt to changing environmental conditions. Since all plants possess these 
defence systems, these reactions might be referred to as “innate tolerances.” In addi-
tion to displaying these kinds of reactions, certain plants have evolved the capacity 
to thrive in challenging environments. This reaction reflects the “memory of stress” 
in plants and can be viewed as a “acquired tolerance.” This reaction allows plants to 
adjust to periods of high stress followed by periods of low stress and to deal with the 
reappearance of stress more effectively, increasing their resistance when stress 
returns (Caplan et al. 2019). Extreme weather events have an impact on many parts 
of the world, not only those with dry or semi-arid climates. Because of how quickly 
these processes occur, organisms’ genetic diversity cannot produce creatures that 
can tolerate unfavourable environments. In this situation, it is now possible to create 
more tolerant species using modern breeding techniques. Their practical implemen-
tation, however, takes a long time and is always attempting to keep up with the 
changing environmental factors, including biotic and abiotic stresses. In this case, 
cutting-edge agricultural practises like the use of bio-stimulants or well-established 
ones like grafting might give ecologically friendly tools to increase plants‘tolerance 
to abiotic stress in response to escalating agricultural sector needs. As a result, given 
that vegetable crops encounter numerous and severe abiotic stressors in the actual 
world, understanding plant defence mechanisms and implementing eco-sustainable 
farming techniques may be able to help these priceless commodities survive a fast 
changing environment. Future research is also required to better understand how 
plants respond to numerous stressors, particularly when heat, drought, salt, and 
increased CO2 levels are present together. Additionally, biotic stressors should also 
be taken into account. Finally, it is important to extensively screen local ecotypes 
and landraces to find those that can survive environmental stresses in an effort to 
understand how plants defend themselves.
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Chapter 2
Emerging Obstacles of Vegetable 
Production Due to Climate Change 
and Mitigation Strategies

Shirin Akhtar, Surabhi Sangam, Tirthartha Chattopadhyay, Abhishek Naik, 
and Shashank Shekhar Solankey

Abstract Climate change is of pivotal concern of crop growers and researchers in 
today’s scenario. Vegetable crops are somewhat more prone to the vagaries of 
nature. The increasing global warming, changed precipitation patterns, excess 
amounts of UV radiation is causing menace to vegetable productivity through 
altered span and period of crop, reduced pollination and fertilization, thus reducing 
the yield and adverse effect on other physio-biochemical mechanisms, lowering the 
quality. The patterns of disease-pest infestation and severity has also been modified 
providing more threat to the crop. Developing climate resilient varieties by conven-
tional breeding techniques or use of marker assisted breeding and development of 
transgenics are an important option for coping with the abiotic stresses. Besides, 
adoption of suitable cultural practices, diversified cropping systems, mulches, pre-
cision farming and organic farming may be the adaptation and mitigation strategies 
that may be adopted to combat climate change.
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2.1  Introduction

Vegetables are fresh, edible part of herbaceous plant consumed by humans or other 
animals as food in either in cooked form or directly as raw, and include all edible 
plant matter, encompassing the stems, leaves, roots, flowers, fruits and seeds. The 
total vegetables produced in the world is around 311.82 million tonnes produced 
from an area of about 21.94 million hectares (FAOSTAT 2021). Vegetables are func-
tional foods with valuable food components involved in body building and healing 
process. These crops are valuable sources of carbohydrates, vitamins, minerals and 
other phytonutrients. They help in maintaining the alkaline balance of the body 
(Hanif et al. 2006). The various vegetable groups, i.e., fruits, seeds, stems, roots, 
tubers, leafy vegetables, each contributes to diet in its own way (Robinson 1990). 
Vegetables can be an excellent source for coping up with the malnutrition situation 
that a huge population of the world is suffering with. However, vegetables are highly 
influenced by climatic vagaries. The changing climate is bringing up many obsta-
cles in the path of vegetable production.

A long-term change in the existing average weather patterns expressed through 
the the Earth’s local, regional and global climate may be described as climate 
change. There are a diverse range of effects that are associated with climate change. 
Since the early twentieth century, human activities have become the major reason 
behind the changing climate, apart from some natural factors. With urbanisation, 
there has been more use of fuels including fossil fuels, industrialization, use of 
appliances that release greenhouse gases, and ultimately has led to trapping of heat 
due to raised greenhouse gases in the atmosphere, thereby increasing our planet’s 
mean surface temperature. This kind of temperature increment is commonly termed 
global warming. Primarily due to such human activities, the Earth’s global average 
temperature has seen an increase of about 1 °C or 1.8 °F as compared to the pre- 
industrial period. At present the decadal increment in temperature is about 0.2 °C 
(i.e., 0.36°F). It is obvious that the atmosphere, ocean, and land has warmed human 
due to influence. The last 6 decades has seen an unprecedented rise in temperature. 
World Meteorological Organization has reported that the mean temperature over 
2000–2010 is 0.21 °C higher than that of 1991–2000 and 0.40 °C more than that of 
1961–1990 (WMO 2012). The temperature increment in the current decade is also 
in accelerated mode in the present decade and thousands of species may be lost, i.e., 
8% plants if the temperature further increases by 1.5 °C and 16% if there is 2 °C 
increment, as projected by IPCC (i.e., there will be 1.5 °C increment of temperature 
within 2030–2052 and more than 3–4 °C by 2100) (Nullis 2018). The constantly 
rising temperature leads to melting of the polar caps and glaciers, increase of land 
and ocean temperatures, rise in sea levels, change in precipitation patterns, and fre-
quent extreme events such as droughts, flash floods, hurricanes, wildfires, etc.
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2.2  Obstacles of Changing Climate in Vegetable Production

Vegetable crops are very sensitive to environmental vagaries. For optimum yield of 
these crops, there is necessity of specific climatic requirements, otherwise the pro-
ductivity and quality both are affected. The several stresses exerted by the changing 
climate on vegetable crops include extremities of temperature (heat stress and chill-
ing and/or freezing stress), extremities of moisture (drought and waterlogging), soil 
reactions (acidity, alkalinity), presence of excess salt in soil and irrigation water 
(salinity), deficiency or excess availability (toxicity) of mineral nutrients, besides 
change in the severity of disease and pest occurrence.

2.2.1  Heat Stress

Wahid et al. (2007) defined heat stress as the rise in temperature beyond a threshold 
level for a period of time sufficient to cause irreversible damage to plant growth and 
development. Generally, a rise of 10–15 °C temperature above the ambient condi-
tion is considered as heat shock or heat stress. It is a cumulative of factors like 
intensity of heat (measured by the temperature in degrees), its duration, the rate of 
increment in temperature and the probability and period of high temperatures occur-
ring during the day and/or the night determining its extent. This kind of stress owing 
to the high ambient temperatures offers serious setback to the global crop produc-
tion scenario (Hall 2001).

Like all other crops, high temperature stress is a key setback for vegetable crops. 
There is tremendous decline in growth above a temperature of 35 °C (Hazra and 
Som 2006). A range of various morpho-anatomical changes in the vegetable crops 
is observed which affect the germination of seeds, normal growth of plant, flower 
drop, viability of pollen, fertilization, setting of fruits, size of fruit, its average 
weight, quality etc. (Akhtar et al. 2015).

Most vegetables have an optimum soil temperature range of 20–30 °C. The max-
imum temperature for germination of the warm season vegetables like tomato, brin-
jal, chilli, cucurbits, beans, etc. ranges between 35 and 40 °C while that of cool 
season vegetables like peas, onion, cole crops, carrot, beet, etc. is 32–35 °C. The 
germination is severely hampered when it goes above 30 °C.

Temperature alone or in association with other environmental factors affect the 
vegetative and reproductive stages of the crops (Abdalla and Verkerk 1968). In veg-
etable crops, the reproductive phase of vegetables is more high temperature- sensitive 
as compared to the vegetative phase. An increment of 2–4 °C of optimal tempera-
ture affects the process of fertilization and gametic development and thus restricts 
fruitsetting thereby reducing yields severely (Firon et al. 2006; Peet et al. 1997). 
The flower bud development is also hampered by high temperatures. High tempera-
ture causes shedding of flower and flower bud, deformity in flower, hampers anther 
dehiscence, decreases production and viability of pollen, causes abortion of ovule, 
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reduces stigma receptivity, decreases carbohydrate availability, etc. and in tomato 
all of these were reported by Hazra et al. (2007). High temperature often results in 
bolting in leafy vegetables like palak, and thereby the leaf yield goes down. 
Similarly, high temperature leads to decreased fruit set and hence the yield is 
reduced besides the quality in all other vegetables. The normal rate of photosynthe-
sis is hampered at temperatures above optimum, and therefore there occurs consid-
erable loss of potential productivity. During the seed filling stage, even a very short 
exposure of the plants to high temperatures may accelerate senescence, reduce both 
seed setting and the seed weight, and thereby diminish the seed yield (Siddique 
et al. 1999), since under these conditions, it is the natural tendency of the plants 
divert their resources to cope with the heat stress, and very little photosynthates 
would be available for reproductive development. High temperature induced steril-
ity may also be observed in many plant species when the heat stress is imposed 
immediately before or during anthesis.

Temperature has profound effect on the development of the economic part of the 
vegetables and its quality. The following table shows the impact of temperature on 
the economic part of different vegetables, its development and quality (Table 2.1).

2.2.2  Cold/Chilling Stress

The genetic potential of vegetable crops is severely affected by cold and chilling 
stress, thereby limiting the productivity. The geographical distribution of plants is 
hugely influenced by low temperatures which also determines the survival of plants. 
Plant growth, yield is immensely affected by cold stress which leads to significant 
crop loss (Xin and Browse 2000). Tolerance level of plants, particularly, vegetables, 
varies for chilling (i.e., 0–15 °C) and freezing (i.e., lesser than 0 °C) temperatures. 
Raison and Lyons (1986) termed plants as “very sensitive to chilling” when they 
showed visual injuries when exposed to temperature of 15  °C and even a little 
reduction in temperature may lead to even 50% decrease in productivity without any 
visible symptom of damage. The severe yield reduction or even complete crop fail-
ure may be due to delayed maturity or direct damage caused by the chilling 
temperature.

A wide-ranging variety of cellular components and metabolism are affected by 
cold stress of different severity varying with its duration, intensity and frequency. 
Freezing injury is common in plants and the cell membrane systems are the primary 
site of such injury (Steponkus 1984; Levitt 1980). The chief basis of membrane 
damage induced by freezing is the severe dehydration associated with it (Steponkus 
1984; Steponkus et  al. 1993). When temperature goes to lesser than 0 °C, ice is 
formed in the intercellular spaces since the intracellular fluid has lower freezing 
point than the extracellular fluid having lower solute concentration. The chemical 
potential of ice being less than that of liquid water at any given temperature, a drop 
in the water potential outside the cell occurs due to the formation of extracellular 
ice. This results in movement of unfrozen water from inside the cell to the 
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Table 2.1 Impact of high temperature on economic part of vegetable, its yield and quality

Vegetable 
crop Impact of temperature on economic part, yield and quality

Tomato There is no fruit set if night temperature goes to 13 °C and lesser or if mean 
maximum day temperature goes above 32 °C and mean minimum night 
temperature above 21 °C; below 10 °C both red and yellow colour do not develop; 
ideal temperature for colour development is 10–25 °C; above 30 °C red colour 
development stops but it redevelops when 30 °C temperature is restored; at 40 °C 
lycopene pigment is destroyed and thus no red colour develops further, resulting 
in yellow shoulders; high temperature also causes scalding of fruits

Brinjal Adverse effect on fruit set and yield is observed above 35 °C; ovary splitting in 
bud stage and deformation of fruits occure below 10 °C

Chilli High night temperature (24 °C) causes flower drop as also high day temperature 
(above 30 °C) coupled with low light intensity; high night temperature is 
responsible for higher capsaicin content of fruit

Sweet 
pepper

Flower drop occurs when day temperature is high (30 °C and above); low night 
temperature (10–15 °C) reduces pollen viability leading to parthenocarpic fruits

Cauliflower High temperature exposure after curd formation causes loose or leafy curd along 
with yellowing of curds; formation of small buds over the curd (riceyness) also 
occurs at high temperature

Cabbage Heads are not compact at high temperature
Knolkhol Knob quality is poor at high temperature
Brussel’s 
sprouts

There is no head formation at high temperature

Sprouting 
broccoli

At high temperature the bud clusters become loose

Chinese 
cabbage

If temperature drops to 15 °C or lower, seed stalks emerge before proper head is 
produced

Onion Above 40 °C, bulb development is hampered
Garlic High temperature affects bulb production adversely
Potato Tuberization is inhibited when night temperature goes above 21 °C
Carrot When temperature dips to lower than 15 °C, colour does nor develop properly and 

the roots are slender; at 24–25 °C the roots are shorter and thicker besides having 
less colour

Beet When temperature is 10–15 °C seed stalks emerge prematurely; 15–18 °C is ideal 
temperature for roots with high sugar content and dark internal colour and when it 
is more than 25 °C roots show zoning, i.e., alternate white and coloured rings

Radish At high temperature roots remain thin and become tough and pungent before 
reaching edible size

Turnip Below; when temperature goes above 25 °C roots quality deteriorate and they 
become tough and bitter in taste; seed stalks are prematurely produced at less than 
10 °C

Pea At temperature more than 25 °C lesser pod setting occurs; quality becomes poor 
and maturity is hastened; peas lose tenderness and become tough at 30 °C and 
more; more enzymatic conversion of starch to sugar occurs at high temperature, 
thereby reducing quality due to less sugar content

French bean High temperature (27–32 °C) increases flower number per plant but decreases pod 
set markedly

(continued)
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Table 2.1 (continued)

Vegetable 
crop Impact of temperature on economic part, yield and quality

Lima bean High temperature (26–30 °C) drastically affects fruit set
Palak Succulence of leaves is reduced drastically at high temperature and early bolting 

occurs when more than 25 °C thereby reducing leaf yield
Spinach Succulence of leaves is reduced drastically; leaves turn yellow and contain 

reduced sugar content at high temperature (more than 25 °C)
Lettuce Ideal temperature for compact head and crisp leaves is 18 °C night/20 °C day 

temperature; growth and yield are hampered at high temperature, besides quality 
of leaf and head is reduced when more than 22 °C

Celery Bolting occurs at 10–15 °C; bitterness in leaves results due to high temperature
Cucurbits More number of male flowers are produced at high temperature and thus fruit set 

is adversely affected
Melons Sugar content in fruits is increased at high day temperature followed by cool night 

temperature thereby enhancing sweetness of fruits
Sweet 
potato

At both high (35–40 °C) and low (15 °C and less) temperatures, tuberization is 
hampered

Elephant 
foot yam

At high temperature, development of corms is improper and remain small

Cassava At both high (35–40 °C) and low (15 °C and less) temperatures, tuberization is 
hampered

Taro At high temperature, development of corms is improper and remain small
Yam At high temperature, growth is hampered and tuberization is hampered
Yam bean At high temperature, growth is hampered and bulking of tubers is hampered
Asparagus At high temperature, production of spears is adversely affected

Source: Compiled from Akhtar and Hazra (2015)

intercellular spaces down the chemical potential gradient. About 90% or even more 
osmotically active water moves out of the cells at 10 °C. Membrane fluidity changes 
during temperature stresses and makes it a potential site of injury (Orvar et al. 2000; 
Horváth et al. 1998). Membrane fluidity basically depends on the composition of 
lipid molecular species, the degree of lipid saturation and the environmental tem-
perature. Optimum functioning of the membrane at lower temperatures is influ-
enced by the membrane lipid unsaturation. Various forms of membrane damage that 
may result from freeze induced cellular dehydration has been explained by 
Steponkus et al. (1993) encompassing cell lysis, formation of hexagonal-II phase 
transitions in the membrane, and resulting in “fracture jump lesions”. Hence, stabi-
lizing membranes would be important for cold acclimatization and different mecha-
nisms are involved in the process of which changes in lipid composition are most 
well documented.

In herbaceous plants like vegetables, leaf and hypocotyl wilting are the most 
prominent symptoms of chilling injury, besides drying of leaf tips and edges of leaf 
lamina, and in case of prolonged chilling, leaf necrosis is followed by even plant 
death (Frenkel and Erez 1996; Mitchell and Madore 1992; Hahn and Walbot 1989). 
Water soaked areas are also seen along with the occurrence of pits and large cavities 
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on the plant surface, leaves and internal tissues lose their natural colour, senescence 
is hastened, the chilled or frozen tissues rupture, and there may be slow and uneven 
ripening of fruits and in many cases ripening is incomplete and the plants may 
become more prone to pathogen attack (Tsuda et al. 2003; Frenkel and Erez 1996; 
Yoshida et al. 1996; Sharom et al. 1994; McMahon et al. 1994; Cabrera et al. 1992; 
Dodds and Ludford 1990). The economic part may even be deformed and lose its 
characteristic taste and flavour (Ventura and Mendlinger 1999; Harker and 
Maindonald 1994). Besides, loss of moisture, shrivelling and desiccation, internal 
discolouration, rupture of tissue, enhanced ethylene production, lesser shelf life, 
change in proximate and biochemical composition, leakage of plant metabolite, 
stunted growth, loss of sprouting ability are other symptoms of chilling injury 
(Skog 1998).

There remains difficulty in seed germination of chilling sensitive plants when 
temperature drops to less than 10–15 °C (Ismail et al. 1997; Wolk and Herner 1982). 
Markowski (1988) classified vegetables into two groups based on ease of germina-
tion under cold stress. In the first group with solanaceous vegetables and pumpkin, 
there is no damage in seeds during imbibition at chilling temperatures, and with 
rising temperature, though apparent normal growth is seen, the root tip tissue 
remains underdeveloped leading to weak root system, and there may be necrosis of 
tissue of collar region and the cortex or stele may be damaged (Jennings and Saltveit 
1994; Bradow 1990). On the other hand, the second group comprising of vegetables 
like beans, have seeds that are highly sensitive to low temperature during imbibition 
and may not germinate (Zemetra and Cuany 1991; Gorecki et al. 1990). The sec-
ondary infestation of pathogens may occur that enhance the plant damage (Wolk 
and Herner 1982).

The chilling tolerant species and varieties show marked difference in growth 
which is highly retarded in case of chilling-sensitive ones (Venema et al. 1999; Rab 
and Saltveit 1996a; Ting et al. 1991), besides late development and ultimately lon-
ger growing season (Skrudlik and Koscielniak 1996). There is delay in differentia-
tion of the apical cone and hence the number and rate of formation of various newly 
formed plant parts is reduced, the root morphology is altered, flowering is decreased, 
fruit set hampered and seed filling is highly decreased (Rab and Saltveit 1996b; 
Skrudlik and Koscielniak 1996; Lejeune and Bernier 1996; Barlow and Adam 1989; 
Buis et al. 1988) (Table 2.2).

2.2.3  Drought Stress

The yield and quality of vegetables is immensely affected by availability of water 
and its scarcity diminishes vegetable productivity largely (Bhardwaj 2012). Drought 
is the most threatening environmental stress in arid and semi-arid regions, and the 
primary cause of crop loss worldwide, thereby reducing the mean yields for most of 
the crop plants by more than 50% (Sivakumar et al. 2016). The plants may show 
different physico-biochemical and genetic responses due to drought stress rising 
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Table 2.2 Chilling injury symptoms in various vegetables

Vegetable crop Various symptoms of chilling stress injury

Tomato (mature-green 
stage)

Improper colour development on ripening; Alternaria rot

Tomato (ripe stage) Water-soaked spots, fruit softening and decay
Brinjal Surface scald, Alternaria rot, seed blackening
Pepper Pitting, Alternaria rot, seed blackening
Potato Browning, conversion of starch to reducing sugar thereby leading in 

sweetened tubers
Sweet potato Internal discoloration, pitting, decay
Okra Discoloration of fruits, water-soaked spots, pitting, decay
Cucumber Water-soaked lesions, pitting, decay
Pumpkin Decay, particularly Alternaria rot
Squash Decay, particularly Alternaria rot
Snap bean Pitting and russeting
Asparagus Dull gray-green limp tips

Adapted from Lukatkin et al. (2012)

from scarce rainfall or lack of irrigation that hampers the yield (Vadez et al. 2012). 
The concentration of solute in soil is enhanced, thereby causing osmotic flow of 
water out of the plants which consequently results in restriction of different physio- 
biochemical mechanisms like photosynthesis and respiration, leading to lower veg-
etable yield (De la Peña and Hughes 2007; Solankey et  al. 2015a). The rate of 
photosynthesis is reduced since the stomatal conduction is decreased (Yordanov 
et al. 2013), and other metabolic processes are also hampered (Dias and Brüggemann 
2010). There is reduction in the activities of sucrose phosphate synthase (SPS) and 
invertase which is necessary for sustaining the assimilatory carbon flux from source 
to developing sink and resynthesis of sucrose (Isopp et al. 2008). The capability of 
the plant to use sucrose is hampered by the reduced activity of invertase and there-
fore the hexose concentration is diminished and ovary growth is adversely affected 
(Anderson et al. 2012), thereby leading to no fruit set (Table 2.3).

2.2.4  Waterlogging/Flooding

Vegetables are very particular about water requirement and over application or 
availability of water causing flood exert serious stress and hence become a chief 
limiting factor for growth and yield crops (Parent et al. 2008). Flooding or waterlog-
ging impacts the vegetative and reproductive growth of plants negatively due to 
detrimental effects on physiological functioning (Gibbs and Greenway 2008). High 
sensitivity to waterlogging has been observed in most vegetables and very limited 
variation among the genotypes has been found specific to this trait.

Flooding condition causes slow diffusion of gases in water and consumption of 
the available oxygen by microbes and plant roots, thereby leading to severe oxygen 
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Table 2.3 Critical water application stage in vegetable crops and impact of water deficit

Name of 
vegetable

Critical stage of water 
application Effect of drought stress

Potato During tuberization and 
throughout tuber 
enlargement period

Tuber growth and yield is improper, besides 
splitting of tuber

Tomato During flowering and stage 
of fruit enlargement

Flower drop is seen, there is no fertilization, 
fruits may be of smaller size, fruit cracking and 
blossom end rot may be observed

Brinjal During flowering and fruit 
development phase

Yield and quality is reduced, and proper colour 
of fruits is not developed

Chilli and 
capsicum

During flowering and 
fruitsetting

Flower drop and immature fruit drop occur, 
nutrient uptake is hampered and dry matter 
production is reduced

Cabbag During formation of head 
and its development

Tip burning and splitting of head are observed

Cauliflower During formation of head 
curd and its development

Browning and buttoning are observed

Cucumber During flowering and 
throughout fruit 
development phase

Pollen grains are deformed and non-viable, 
fruits are often bitter and deformed

Muskmelon During flowering and 
evenly throughout fruit 
development

Fruit quality is poor and less sweet due to 
reduced TSS, reducing sugar and ascorbic acid

Watermelon During flowering and 
evenly throughout fruit 
development

Nitrate content increases in watermelon fruit

Carrot, radish 
and turnip

Throughout the root 
enlargement phase

Roots may be distorted, thin, and tough along 
with strong and pungent odour, there may be 
harmful nitrate accumulation in roots

Onion During bulb formation and 
enlargement

There may be bulb splitting and doubling, 
besides low storage life

Pea During flowering and pod 
filling

There may be stunted plant growth, flower 
drop, poor seed filling, and lesser nodulation in 
root

Lettuce Consistently throughout 
development stage

Plant growth may be improper, leaves may 
become tough and of poor quality, tip burning 
may be observed

Leafy vegetables Throughout growth and 
development of plant

Foliage growth is poor, leaves may become 
tough, nitrate accumulation in leaves increases

Adapted from: Bahadur et al. (2011)

deficiency in the crop root zone that creates anaerobic condition in the root zone. 
Therefore, waterlogging in vegetables, particularly, in tomato cause accumulation 
of endogenous ethylene in the plants (Drew 2009), and this is expressed through 
epinastic growth of tomato leaves in waterlogged conditions (Kawase 2011). 
Waterlogging coupled with high temperature is more detrimental to vegetables and 
very fast wilting and plant death under such conditions has been observed in 
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vegetables, especially tomato (Kuo et al. 2014). Waterlogging in root and bulb veg-
etables during development of the root or the bulb leads to serious loss in yield 
which may go upto 30–40%. Such stresses cause around 50% yield loss in vegeta-
bles and the stage of development, the severity and duration of the stress determine 
the plant response towards them (Kumar 2017).

Waterlogging in vegetables affects the plant physio-biochemical and morpho-
logical traits of the plants. Decreased stomatal conductance occurs is one of the first 
physiological response of plant to waterlogging (Folzer et  al. 2006), causing 
enhanced leaf water, and also elevate the internal carbon dioxide concentration 
since the CO2 exchange rate is decreased (Liao and Lin 2014), thereby leading to 
leaf chlorosis, decreased growth of stem and root, lesser dry matter accumulation 
and ultimately diminished yield (Malik et al. 2012).

The waterlogged plants are predisposed to infection by harmful pathogens and 
the condition is congenial for spread of the microbes particularly the fungi (Pautasso 
et al. 2012).

2.2.5  Salinity

Soil salinity is a major threat to the agricultural production system including most 
of the vegetables and decreases the productivity markedly. Soils that are highly 
saline have high concentrations of soil and hence create a water deficit in the plants 
and results in ion specific stresses owing to changed K+/Na+ ratios and there is 
increase in the Na+ and Cl− concentrations which is detrimental for the plants. There 
may be loss of turgidity, stunted growth, lesser photosynthesis and respiration, wilt-
ing, abscission of leaves, loss of cell integrity, necrosis of tissue and ultimately 
leading to plant death (Cheeseman 2008).

Among the various vegetables, tomato, brinjal, chillies and cucumber are mod-
erately sensitive and onions are susceptible to saline soils (De la Peña and Hughes 
2007). There is significant lesser germination, reduced root and shoot growth, and 
biomass in cabbage under saline conditions (Jamil and Rha 2014). In potato, there 
was significant decrease in leaf area index and canopy and improper vegetative 
growth due to salinity stress coupled with heat stress (Bustan et al. 2004). In pepper, 
the dry matter, leaf area, net assimilation and relative growth rate were severely 
reduced and the number of fruits per plant was adversely affected (Lopez et  al. 
2011). Fresh and dry weight of all cucurbits was decreased; and there was stunted 
growth, lesser photosynthesis, reduced stomatal conductivity stress due to decreased 
relative water content and total chlorophyll content thus reducing the transpiration 
and cell water potential under salinity stress (Kaymakanova et al. 2008). Even high 
salinity level of irrigation water also impacts various physiological and metabolic 
activities resulting in reduced growth and yield.
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2.2.6  Air Pollution and UV Radiation

The major air pollutants are sulphur dioxide (SO2) and ozone (O3) along with car-
bon monoxide (CO), methane (CH4), etc. other various gases. These often create 
acids like carbonic acid, sulphuric acid in the atmosphere and cause acid rain which 
directly affect the leaves and other plant tissues and make them more disposed to 
pathogens. Therefore, under polluted air plants show different response to foliar 
pathogen. Besides, host mediated impacts of the pollutants also influence the attack 
on roots by pathogens such as nematodes. It was observed that the germination, 
sporulation and infestation of plant pathogenic fungi was checked under high SO2 
and O3 concentrations (200–300 ppb), and hence there were less severe diseases in 
plants growing in the stressed regions (Khan 2012). On the other hand, when the 
concentrations were low (50–100 ppb), the risk of the diseases increased as these 
concentrations created congenial situation in the plants for infection and at 
50–100 ppb of SO2 and O3 stimulated the spore germination and spread of fungal 
pathogen and egg hatching, penetration and reproduction of plant parasitic nema-
todes, thereby increasing the severity of diseases caused by them (Khan 2012).

The ozone layer is degraded by the increasing NO2 and SO2 in the atmosphere 
resulting in penetration of the harmful ultraviolet (UV) rays on to the surface of 
Earth. The Ultraviolet-B (UV-B) radiation is more harmful and plant cell functions 
are negatively impacted by it. The advesre effects of UV radiation on vegetables like 
potatoes, tomatoes, cabbages and sugar beets are higher as compared to others (De 
La Pena and Huges 2007). The tomato plants when exposed to high UV-B shows 
reduced plant height, leaf area and growth through reduced photosynthetic area, and 
thus dry weight is also decreased (Hao et al. 1997). When exposed to UV radiation, 
French bean leaves show bronzing and glazing and enhanced virus susceptibility 
(Benda 1955). Cucumber is very sensitive to UV rays and when exposed to UV rays 
at early germination stages, the cotyledons are adversely affected (Zajac and 
Kubis 2010).

2.3  Change in Response of Pests and Diseases 
Due to Climatic Change

With change in climatic condition, the ecology and distribution of insect-pests is 
highly modified (Jat and Tetarwal 2012), their time of emergence shifts, their migra-
tion pattern changes as also their overwintering capacity, as also the host-pathogen 
interaction and disease incidence (Koundinya et al. 2014).

Insects are stenotherms (i.e., cold-blooded) and thus they are very sensitive to 
temperature. They usually respond to higher temperatures by increasing their rate of 
development, with less time between generations. At higher temperature conditions, 
the life cycle of certain insects (e.g., aphids and diamond back moth) is shortened, 
with enhanced fecundity for early life cycle completion, thereby leading to more 
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generations per year or unit time (FAO 2009). The span of insect breeding season 
will be more under rising temperatures and increase thus the reproductive rate will 
increase. On the other hand, some insects require more time for completing their life 
cycle, particularly those living in the soil or whole life or some part of the life as 
these suffer more due to the fact that soil becomes an insulated medium for tempera-
ture changes more than the air (Bale et al. 2010). Gender ratios of some pests (e.g. 
thrips) may change due to temperature (Lewis 1997). There may be migration of 
insect-pests towards higher latitudes when temperature rises and some specific pest 
species may be adversely affected in the tropics under higher temperatures. Yukawa 
(2008) reported that Nezara viridula, a tropical and subtropical crop pest, was 
slowly moving northward in southwestern Japan, probably due to global warming, 
and the substituting the more temperate species Nezara antennata (FAO 2008). 
There has been a remarkable increase in migratory Helicoverpa over the period 
1969–2004, which has moved inland (Cannon 2008).

There was an increment in the activity and population of sucking pests like 
whiteflies, aphids and thrips with increasing temperature (Awmack et  al. 1997; 
Yamamura and Kiritani 1998). It has been predicted by Fleming and Tatchell (1995) 
that over the next 50 years, aphids that are the vectors of different viral diseases of 
vegetables, especially, potato, tomato, brinjal, peppers, okra, cucurbits and legumes, 
will appear at least 8 days earlier in the spring as measured by their presence in suc-
tion traps, thereby increasing chances of disease infestation and crop loss.

At high temperature, the oviposition rates, insect development, outbreak and 
introduction of invasive species is hastened, whereas the insect diversity in ecosys-
tem and parasitism, reliability of economic threshold levels, effective insect biocon-
trol by fungi, etc. are reduced (Das et al. 2011). The development of onion maggot, 
cabbage maggot, European corn borer, Colorado potato beetle will be faster under 
higher temperatures (Newton et  al. 2011). Enhanced temperatures will enable 
insects reach their minimum flight temperature quickly, and thus help in increased 
dispersal capabilities as observed in moths and aphids (Zhou et al. 2014). Higher 
temperatures indicate higher metabolic rates in insect, thereby depleting the stored 
nutrients faster leading to lesser duration of insect diapause (Hahn and Denlinger 
2007). Warmer winter temperature will delay onset of diapause, whereas early sum-
mer will hasten termination of diapause and the active growth and development of 
insects will resume and therefore, even 1–5 °C temperature rise will result in lower 
winter mortality, more population build-up, faster infestation and thus higher crop 
damage and loss by insect-pests under the current scenario of global warming 
(Harrington et al. 2010).

Disease development in a plant depends on the host-pathogen-environment inter-
action and any alteration in the environmental components will impact the suscep-
tibility of the host plant (Khan 2012). Plant pathogens are likely to be the first 
organisms to express the impacts of climate change due to their huge population 
size and very fast life cycle. The rate of pathogen development, the stages of its 
infection, its pathogenicity as well as the physiology and resistance/susceptibility of 
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the host may be altered by the changing climate, particularly temperature and pre-
cipitation regimes (Coakley et al. 1999; Mboup et al. 2012). The growth and spread 
of pathogens like fungi and bacteria are greatly influenced by environmental com-
ponents like temperature, sunlight, other radiation, moisture, rainfall, humidity, dew 
(Neumeister 2010). Limiting moisture content can check spread of several diseases 
since lesser root growth under moisture stress reduces the chances of infection of 
soil borne microbes as the chances of contact of the roots with the pathogen propa-
gule reduces (Pertot et  al. 2012). Waterlogged conditions favour spread of plant 
pathogens, storms may make dispersal of wind-borne pathogen propagules easier, 
drought and high temperature conditions can create congenial conditions for disease 
spread in plants (Pautasso et al. 2012). Besides, air pollution, especially UV-B radi-
ation and ozone and nutrient availability also affect plant disease spread.

In northern latitudes, global warming may have more influence on plant patho-
gens, since low temperatures and long winters decrease pathogen survival, their 
reproduction, generations per year as well as their activity during crop growing 
stages (Harvell et al. 2006). The distribution of the pathogen species is influenced 
by the existing temperature irrespective of their huge host range and certain patho-
gens (i.e., Sclerotium rolfsii and Macrophomina phaseolina) do not survive in tem-
perate climate due to their frost sensitivity (Termorshuizen 2008). Reduction in 
frost due to global warming allows these types of pathogens to survive and also 
result in very quick disease cycles (Boonekamp 2012). Viral diseases in vegetables 
like potatoes and sugarbeets are increasing and coming earlier due to earlier appear-
ance of the vectors of these diseases under rising temperatures (Newton et al. 2011). 
Onset of several fungal diseases also earlier in cropping season, such as late blight 
or Fusarium wilt will require additional one to three sprays for the disease control 
in the near future (Fahim et al. 2011).

Increased temperature also increases the population of pathogen attacking the 
various vegetables post-harvest, particularly, aflatoxin-producing fungi thereby 
resulting in huge post-harvest losses (Cotty and Jaime-Garcia 2007) (Table 2.4).

2.4  Mitigation Strategies

The various mitigation strategies include development of climate resilient varieties 
though conventional breeding and modern approaches like marker assisted breed-
ing, use of biotechnological tools, development of transgenics, exploitation of resis-
tant rootstocks in grafting, besides adopting certain cultural practices that reduce 
greenhouse gas emission and conserve resources and also crop modelling and simu-
lation for prediction of climate.
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Table 2.4 Changing climate affecting insect pests of vegetables

Name of pest Current distribution Anticipated effect of climate change

Aphids (Aphis gossypi; 
Aulacorthum solani)

Distributed worldwide More number of generations per year will 
be produced due to lower developmental 
zero-point, low thermal totals required 
for one generation, thereby leading to 
more infestation

Melon fly (Bactrocera 
cucurbitae)

Distributed in the southern 
part of Japanese 
archipelago

Invasion to whole Japanese archipelago

Colorado potato beetle 
(Leptinotarsa 
decemlineata)

Distributed in North 
America, southern Europe, 
Asia and widely over 
Pacific Ocean

Expansion of infestation by 400 km in its 
potential northern limit causing more 
damage and imposing threat to 99% 
potato growing areas

Diamond back moth 
(Plutella xylostella)

Of European origin, 
distributed in cosmopolitan 
areas of the world

Increased frequency of overwintering and 
drastic increase in pest status

Cabbage butter fly 
(Pieris brassicae)

Distributed in Europe, 
north-western part of 
Africa and Asia, introduced 
to America and Australia

Mostly increased range, abundance and 
diversity; decrease in diversity has been 
reported by Roy et al. (2001)

Fruit and pod borer 
(Helicoverpa 
armigera; Spodoptera 
litura)

Worldwide distribution Increase in number of generations per 
year resulted in more infestation

Cabbage root fly 
(Delia radicum)

Distributed over Europe, 
North Africa, West Asia 
and North America

Earlier emergence and populations are 
becoming active 1 month earlier in UK 
with a mean temperature increase of 3 °C

Sweet potato weevil 
(Cylas fprmicarius)

Distibuted over the tropical 
and subtropical regions of 
world

Increased temperature has resulted in 
invasion to temperate zones

Source: Adapted from Yukawa (2008) and Cannon (2008)

2.4.1  Development of Climate Resilient Genotypes Through 
Conventional Breeding Approaches

The most feasible approach towards coping up with the ever changing climate is to 
breed resilient varieties. There may be conventional breeding approach or modern 
approaches involving molecular markers and recombinant DNA technology. 
Breeding in the classic way has been conducted for centuries and is still widely 
utilised today to produce a better crop that is more adaptable to climatic variations. 
Vegetable crops have immensely narrow genetic base which is a major constraint in 
developing tolerant genotype (Ladizinsky 1985; Paran and Van Der Knaap 2007). 
The biodiversity and various gene pools may be utilized through hybridization to 
broaden the genetic base. The classical approach makes use of existing genetic vari-
ety and hybridization for recombination of genetic material through independent 
chromosomal assortment and crossing-over. Induced mutations are frequently used 
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in traditional breeding methods as well. The selection of individual plants and their 
progenies is emphasised in any of these approaches. For effective selection the 
breeding location should have similar environmental conditions of the area for 
which the genotype is being developed (Mickelbart et al. 2015). It is also easier to 
select for traits and identify genes conferring resilience among the genotypes native 
to the areas with varied climate since these plants can adapt to diverse range of 
environmental conditions (Pereira and Chaves 2007). As a result, it is critical to 
understand appropriate selection criteria, which vary depending on the species 
and stress.

2.4.1.1  Identification of Suitable Selection Criteria

Because of the unpredictability of environmental conditions, selection for develop-
ing climate resilient genotype is challenging. For example, the salinity of the salt- 
affected zones is often uneven, with sections of no salinity and areas of high salinity 
coexisting in the same field at close proximity or far apart. Presence of intense root 
system, stem and leaf pubescence, leaf size and orientation, photosynthetic rate, 
earliness, leaf rolling, biomass, dry matter accumulation, water uptake, leaf ion con-
tent, leaf necrosis, osmosis besides yield attributes form the selection criteria for 
developing climate resilient varieties (Akhtar et al. 2021).

The frequency of genes for temperature extremes should grow as a result of natu-
ral selection in varied populations of agricultural plants. Natural selection might be 
effective not only for temperature stress, but also for other stresses, if populations 
were produced in areas where the likelihood of a stress approaching the critical level 
is high. Individual plants/genotypes are separated and propagated from mixed/seg-
regating populations using artificial selection. There must be genetic variation that 
can be detected and discriminated from environmental variation for selection to be 
successful.

2.4.1.2  Development of Improved Varieties

The best option for coping with climate change is to develop vegetable genotypes 
that can withstand such climate and this is an adaptation strategy (Altieri et  al. 
2015). However, the genes governing the abiotic stress tolerance are mostly poly-
genic and determining criteria for effective selection becomes tough, and hence the 
process complex. The process starts with characterisation of the available genotype 
that also makes their specific traits ready for use by the breeders. Genetic variability 
among the base population is the pre-requisite for any breeding programme. 
Selecting the resistant ones from the base population and utilizing them in breeding 
programmes according to their genetic diversity and distance between them allows 
greater chances of getting superior recombinants in the segregating population 
(Koundinya et al. 2018).
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The cultivated varieties of vegetables often do not possess the novel traits of 
abiotic stress resistance and wild and related species besides some important land 
races have been found to be donors of these traits. In tomato, various landraces from 
Philippines (Divisoria-2, VC11-2-5, VC11-3-1-8) and USA (PI289309, Tamu Chico 
III) and lines from AVRDC CL5915 have been found to be sources of heat toler-
ance; PI-120256 (an old landrace from Turkey), Solanum habrochaites accessions 
LA3925, LA3921 and LA-1777 from AVRDC are sources of cold tolerance; 
Solanum habrochaites accession EC-520061 is a source of resistance to both heat 
and cold stress; S. pennelli accessions LA0716, EC-104395, EC-130042, IIHR 
14-1, IIHR 146-2, IIHR 383, IIHR 553, IIHR 555, K-14, Sel-28, S. habrochaites 
accession EC- 520061, S. pimpinellifoloium accessions LA1579, PI-205009, EC- 
65992, Pan American, S. sitiens accessions LA1974, LA2876, LA2877, LA2878, 
LA2885, S. chilense accessions LA1958, LA1959, LA1972, besides cultivated Arka 
Vikas and RF-4A are sources of drought tolerance; S. esculentum accession 
PI174263, S. pimpinellifolium accessions LA1579 and LA1606, S. lycopersicum 
var. cerasiforme accession LA4133 are salinity tolerant (Rai et  al. 2011; Singh 
2010; Flowers 2004; Razdan and Mattoo 2007; Metwally et al. 1996; Opena et al. 
1992; Foolad and Jones 1991). In brinjal, the wild species S. sodomaeum, S. macro-
carpon, S. gilo, S. macrosperma, S. integrifolium, and cultivates genotypes 
Bundelkhand Deshi, SM- 1, SM- 19, SM- 30, VioletteRound, Supreme have been 
identified as sources of drought resistance (Rai et  al. 2011; Toppino et  al. 2009; 
Kumar and Singh 2006). In peppers, species like C. chinense, C. baccatum var. 
pendulum, C. eximium, variety Arka Lohit, and line IIHR  – Sel.-132 have been 
found to be resistant to drought stress (Singh 2010); Tunisian cultivar Beldi, Demre, 
Ilica 250, 11-B-14, Bagci Carliston, Mini Aci Sivri, Yalova Carliston, and Yaglik 28 
have been identified as sources of salinity tolerance (Yildirim and Guvenc 2006). 
Various drought tolerant species have been identified in potato like Solanum 
chacoense, S.ajanhuiri, S.curtilobum, S.xjuzepczukii, S. acaule, S. demissum and 
S. stenotonum, besides the cultivated Alpha, Bintje and Kufri Sindhuri (Arvin and 
Donnelly 2008; Pandey et al. 2007; Ross 1986). Several sources of drought resis-
tance have been identified in various vegetables like, A. caillei, A. rugosus, 
A. tuberosus in okra (Charrler 1984); Allium fistulosum, A. munzii, Arka Kalyan, 
MST 42, MST 46 in onion (Singh 2010); P. acutifolius in French bean (Kavar et al. 
2011). In tuber vegetables drought tolerance has been reported in VLS6, IGSP 10, 
IGSP 14, Sree Bhadra in cassava sweet potato, and CE-54, CE-534, CI-260, CI-308, 
CI-848, 129, 7, 16, TP White, Narukku-3, Ci-4, Ci-60, Ci-17, Ci-80  in cassava 
(Singh 2010). In cucurbits, Citrullus colocynthis (L.) Schrad renders drought toler-
ance in watermelon (Dane et  al. 2007); Cucurbita maxima to winter squash 
(Chigumira and Grubben 2004); Cucumis pubescens, Cucumis melo var. callosus, 
Cucumis melo var. chat, INGR-98015 (AHS-10), INGR-98016 (AHS-82), CU 159, 
CU 196, INGR-98013 (AHK-119), AHK- 200, SKY/DR/RS-101, Arya, SC- 15 and 
INGR-98018 (AHC-13) are sources of drought tolerance in Cucumis sp. and 
cucumber (Kusvuran 2012; Pandey et  al. 2011; Rai et  al. 2008; Chigumira and 
Grubben 2004).
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In vegetables, several climate resilient varieties have been developed that have 
resistance to different abiotic stresses and may give satisfactory yield even under 
stress conditions. The Table 2.5 enlists some important varieties.

Table 2.5 Vegetable varieties having resistance to different abiotic stress tolerance

Vegetable Variety Specific climate resilient trait

Potato Kufri Surya High temperature tolerant; tuberization occurs 
even upto 25 °C night temperature

Gem, Jasper Waterlogging tolerant
Kufri Dewa, Kufri Sheetman Frost tolerant

Tomato Pusa Sadabahar Ability to set fruit at both high and low night 
temperature

Pusa Sheetal Fruitset occurs at low night temperature, even at 
8 °C

Cold set Cold tolerant
Pusa hybrid 1 Fruitset occurs at high night temperature, even at 

28 °C
Arka Vikas Drought tolerant

Brinjal SM-1, SM-19, SM-30 and 
PKM-1

Drought tolerant

Pusa Bindu, Pragati Tolerance to salinity
Pepper DLS-10-02, DLS-20-11, 

DLS-160-1 and DLS-152-1
High temperature tolerant

Okra Pusa Sawani Tolerance to salinity
Garden pea Arka Tapas, Arka Uttam, 

Arka Chaitra
High temperature tolerant (upto 35 °C)

Dolichos 
bean

Arka Jay, Arka Vijay Drought tolerant and photoinsensitive

French bean Arka Garima Heat and drought tolerant
Cucumber Pusa Barkha High temperature tolerance

Pusa Uday Can grow throughout year
Spinach beet Jobner green Tolerant to alkalinity (soil pH upto 10.5)
Musk melon Jobner 96-2 Tolerant to alkalinity (high soil pH)
Bottle gourd Pusa Santusthi Can set fruit under high temperature as well as 

low temperature
Onion Hisar-2, Punjab selection Tolerance to salinity
Carrot Pusa Kesar Tolerance to high temperature

Arka Suraj High temeparture tolerant, flowering occurs and 
seeds are set under tropical condition

Ooty-1 Drought tolerant
Radish Pusa Chetki High temperature tolerance

Pusa Himani Low temperature tolerance
Sweet potato Sree Nandini Tolerant to drought conditions
Cassava H-97, Sree Sahya Drought tolerant

Source: Adapted from Rai and Yadav (2005) and Koundinya et al. (2018)
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2.4.2  Modern Approaches for Development of Climate 
Stress Resilience

2.4.2.1  Identification of QTLs for Abiotic Stress Resistance

Since resistance of the various abiotic stresses are polygenic in nature, the gover-
nance is complex and less comprehended (Ainsworth and Ort 2010; Collins et al. 
2008; Wahid et  al. 2007). Mapping populations have been developed in various 
vegetable crops and they provide useful information and increased knowledge on 
the genetic governance of tolerance towards abiotic stress through identification of 
quantitative trait loci (QTL). Various QTLs have been identified associated to many 
abiotic stress tolerances in vegetables like potato, tomato, peas, etc. by various 
workers. QTLs associated with heat tolerance in tomato, potato and cowpea were 
reported by Jha et al. (2014). Various researchers have identified QTLs for different 
traits for heat tolerance like canopy temperature at different stages of crop growth, 
higher chlorophyll fluorescence, etc. (Vijayalakshmi et al. 2010; Pinto et al. 2010; 
Lopes et al. 2013). QTLs for drought tolerance have been identified in tomato by 
Martin et al. (1989) and Foolad et al. (2010). Foolad (2014) suggested that salt toler-
ance in tomatoes is quantitatively inherited through QTL mapping. Molecular 
markers linked to different QTLs have been also developed based on mapping popu-
lations, and QTL analysis and fine mapping can pinpoint the genes and loci for 
resistance to different abiotic stresses in vegetables and several candidate genes for 
salinity, drought, waterlogging and temperature extremes (heat and cold) have been 
proposed (Table 2.6).

2.4.2.2  Development of Transgenics

Of the different approaches towards developing stress tolerant genotypes, develop-
ment of transgenic plants is the most recent one. Introduction of genes that encode 
for enzymes that modify membranes or lead to formation of compounds with osmo-
protective properties, or enzymes that are scavengers of reactive oxygen species or 
stress-induced proteins are the different transgenic approaches utilized (Ashraf 
2010; Zhang and Blumwald 2001; Holmberg and Bulow 1998). In tomato, overex-
pression of osmotin gene has exhibited salinity and drought resistance in controlled 
conditions expressed through higher germination percentage, increased content of 
proline and higher relative water capacity (Goel et al. 2010). Tomato transformated 
with BADH gene from Atriplex showed tolerance to salinity (Jia et al. 2002). In 
tomato, drought and salinity tolerant (in controlled condition) seedlings were 
obtained through transformation and expression of CaXTH3, a hot pepper xyloglu-
can endotransglucosylase/hydrolase and even at 100 mM of NaCl, and the seedlings 
exhibited sufficient chlorophyll content (Choi et al. 2011). Overexpression of the 
strawberry D-galacturonic acid reductase gene in potato improved abiotic stress 
tolerance through enhanced vitamin C accumulation (Hemavathi et  al. 2010). 
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Table 2.6 Various QTLs identified for abiotic stress tolerance in vegetables

Vegetable

Targeted 
abiotic 
stress QTLs identified References

Potato Heat 9 QTLs were detected for internal heat necrosis 
in tubers

McCord et al. 
(2011)

Tomato Heat 6 QTLs were identified for fruitsetting under 
high temperature conditions

Ventura et al. 
(2007)

Tomato Drought 3 QTLs were identified linked to water use 
efficiency in S. pennellii

Martin et al. (1989)

Tomato Drought 4 QTLs were identified associated with seed 
germination, two of which were contributed by 
S. pimpinellifolium.

Foolad et al. (2010)

Pea Frost 161 QTLs located on seven linkage groups 
have been identified

Klein et al. (2014)

Pea Drought 10 QTLs have been identified that are located 
on linkage groups 1, 3, and 4

Iglesias-García 
et al. (2015)

Common 
bean

Drought 14 QTLs were detected, mapped on 
chromosomes 1, 3, 4, 7, 8, and 9

Mukeshimana et al. 
(2014)

Lettuce Heat A major QTL, Htg6.1, for seed germination 
under high temperature, is linked with a 
temperature-sensitive gene encoding an 
abscisic acid biosynthesis enzyme (LsNCED4)

Argyris et al. 
(2008, 2011)

Transgenic potato introgressed with Nucleoside diphosphate kinase 2 (AtNDPK2) 
gene has been developed exhibiting salinity and drought tolerance in growth cham-
ber (Tang et al. 2008). Δ1-pyrroline-5-carboxylate synthetase gene has been over-
expressed in transgenic potato resulting in salinity tolerance (Hmida-Sayari et al. 
2005). In sweet potato, the chloroplastic BADH gene from Spinacia oleracea 
(SoBADH) has been transformed and expressed exhibiting tolerance to salinity, low 
temperature and oxidative stress and maintained the photosynthetic activity, cell 
membrane integrity, and glycine betaine accumulation (Fan et al. 2012) (Table 2.7).

In vegetables, where the produce is consumed directly, the consumer acceptance 
of transgenic products is less and hence transgenic vegetables have not been com-
mercialized. The transformation and expression of the transgene also differs and 
this has restricted the success of transgenics in vegetables. Besides, there are other 
issues related to market regulation, intellectual property rights, etc. transgenics may 
be a viable option for combating climate change and thus more studies of their influ-
ence on biodiversity, environment and human health is necessary.

2.4.2.3  Gene Silencing

Crop yields are being improved by scientists all across the world using more effec-
tive and long-lasting strategies. Gene silencing, also known as RNA interference 
(RNAi), is one such genetic method. RNA interference (or gene silencing) is an 
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Table 2.7 Transgenic Vegetables Tolerant to Abiotic Stress

Transgenic 
crop Gene and gene product Targeted stress References

Tomato Arabidopsis thaliana 
homeodomain-leucine zipper class I 
genes (ATHB-7)

Drought Mishra et al. (2012)

Tomato Vacuolar Na+/H+ antiporter 
(AtNHX1)

Salinity Zhang and Blumwald 
(2001)

Tomato Choline oxidase from bacterial 
Arthrobacter globiformis (codA 
gene)

Salinity and 
waterlogging

Goel et al. (2011)

Tomato, 
eggplant

Bacterial mannitol-1-phosphate 
dehydrogenase gene (MtlD)

Drought Khare et al. (2010)

Tomato BADH1 (betaine dehydrogenase) Drought and 
salinity

Jia et al. (2002)

Tomato C2H2 zinc-finger transcription factor 
(BcZAT12)

Drought and 
heat

Rai et al. (2013) and 
Shah et al. (2013)

Tomato Cytosolic ascorbate peroxidase 
(cAPX)

Heat Wang et al. (2006)

Tomato Dehydrin (TAS14) Drought and 
salinity

Munoz-Mayor et al. 
(2012)

Tomato Glyoxalase II genes (GlyII) Salinity Alvarez-Viveros et al. 
(2013)

Tomato H+-Pyrophosphatase and Na+/H+ 
antiporter gene (TaNHX2)

Drought Bhaskaran and 
Savithramma (2011), 
Yarra et al. (2012)

Tomato Osmotin Cold Patade et al. (2013)
Tomato, 
eggplant

Poncirus trifoliata arginine 
decarboxylase (PtADC)

Drought Wang et al. (2011), 
Prabhavathi and Rajam 
(2007)

Tomato Polyphenol oxidases (ppo) Drought Thipyapong et al. (2004)
Tomato S-Adenosyl-l-methionine 

decarboxylase (SAMDC)
Salt, cold, and 
drought

Alcazar et al. (2010)

Tomato N-Acetylglutamate synthase 
(SINAGS1)

Drought Kalamaki et al. (2009)

Tomato GDP-D-mannose-3′,5′-epimerase 
genes (SlGME1)

Drought Zhang et al. (2011)

Tomato Solanum pimpinellifolium mitogen- 
activated protein kinases (SpMPK1, 
SpMPK2, SpMPK3)

Drought Li et al. (2013)

Tomato Malus domestica subunit B of the 
V-ATPase (MdVHA-B)

Drought Hu et al. (2012)

Tomato Lycopersicon esculentum ethylene 
responsive factor (LeERF2/TERF2)

Freezing Zhang and Huang 
(2010)

Potato Pyrroline-5-carboxylate synthase 
(P5CS)

Salinity Hmida-Sayari et al. 
(2005)

Potato UND/PUB/ARM repeat type gene 
(StPUB17)

Salinity Ni et al. (2010)

Bean Pyrroline-5-carboxylate synthase 
(P5CS)

Drought, 
salinity and 
cold

Chen et al. (2009)
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unique mechanism for gene down-regulation in which RNA interferes with the pro-
duction of genetic information. It is initiated by endogenous or artificially intro-
duced small interfering double-stranded RNA (siRNA) with complementary 
sequences to the targeted gene, causing degradation of the gene’s encoded messen-
ger RNA (mRNA) (Bosher and Labouesse 2000; Agrawal et al. 2003). RNA inter-
ference (RNAi) is a phenomena in which a high degree of targeted gene silence is 
achieved with little effort. It is extremely effective and can be used at various stages 
of growth. RNAi is being employed as a biotechnological strategy that is both alter-
native and advantageous. It’s a sequence-based gene silencing method that’s very 
specific and dominant. This enormous potential of RNAi has been successfully uti-
lised for producing desirable characteristics in plants under abiotic and biotic 
stresses.

2.4.2.3.1 Salinity

Numerous genes, which are stimulated by this stress, have been identified by vari-
ous research studies, so that the tolerance to stress can be improved by the overex-
pression of stress-responsive genes in plants. During stress conditions, miRNA 
expression, in addition to protein-coding genes, is altered in plants (Sunkar and Zhu 
2004 and Zhao 2007). miR169 is one of the major miRNAs having a pivotal role in 
salt stress responses. Several plant species under salt stress acquire the up- regulation 
of miR160, miR393, and miR167. Changes in miRNA expression during stress con-
ditions appear to be significant for the promotion of plant growth and development. 
enhanced accumulation of miRS1 and miR159.2 was observed in the case of 
Phaseolus vulgaris under salinity stress (Arenas-Huertero et al. 2009).

2.4.2.3.2 Heat Stress

For the protection of reproductive organs, a novel thermotolerance mechanism was 
discovered in plants. This mechanism involves the down-regulation of its target 
CSD genes, like CSD1 and CSD2, along with the gene that encodes the copper chap-
erone for both CSD1 and CSD2 genes by the induction of miR398. These results 
suggested that CSD1, CSD2, and CCS (copper chaperone for superoxide dismutase) 
mutants were found to tolerate the heat stress, whereas wild-type plants led to the 
accumulation of heat stress transcription factors and heat shock proteins, thus caus-
ing inhibition in flower damage.

2.4.2.3.3 Cold Stress

In response to cold stress, the expression of miR319 (a conserved miRNA family) 
was found to change in sugarcane Arabidopsis (Sunkar and Zhu 2004). It has been 
concluded that recently identified 21_24 nucleotide small RNAs (miRNA) and 
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small interfering RNAs (siRNAs) regulate the expression of genes at the post- 
transcriptional level. They contribute to the stress-induced alterations in profiles of 
mRNAs or proteins and thus the RNAi technique emerged as a powerful tool to 
increase cold tolerance after chilling acclimation.

2.4.2.3.4 Drought Stress

Research has also shown that drought stress affects miRNA expression (Li et al. 
2008; Zhao et al. 2009), and miR393, miR160, miR169 and miR167 are the most 
commonly affected genes in plants in response to drought stress (Sunkar 2010). 
Proteins of nuclear factor Y (NFY) are reported to have an important role in response 
of plants under stress conditions. It was also observed that the transcription factor 
for the Nfya5 upon drought stress is regulated by miR169, and overexpression of 
miR169-resistant nfya5 transgene leads to closure of stomata (Li et al. 2008) P. vul-
garis have been studied for drought response where miRS1, miR1514a, miR2119, 
miR171l-n, miR1445, miR1446a-e, and miR1447 were identified for controlling 
water-deficient stress (Lu et al. 2008; Arenas-Huertero et al. 2009).

2.4.2.3.5 Heavy Metal Stress

The primary response of plants to heavy metal toxicity is the generation of reactive 
oxygen species (ROS) by interruption of their enzyme systems (Romero-Puertas 
et  al. 2007). Gene expression at transcriptional and post-transcriptional levels is 
needed for plants to respond to various abiotic stresses including metal stress 
(Jacoby et al. 2002). Metal toxicity response in plants has been studied using differ-
ent microarrays and deep sequencing of small RNA libraries, and shows the involve-
ment of miRNAs (Hobert 2008). Different plants species were used for studying the 
involvement of miRNA like Brassica napus, P. vulgaris, A. thaliana, and O. sativa 
(Gielen et al. 2012) after exposure to different heavy metals like Cu, Zn, Mn, As, 
etc. In A. thaliana, miRNAs have an important role in response to heavy metal stress.

2.4.2.3.6 Nutritional Deprivation

Mineral nutrients are essential to plants and indirectly to all living organisms that 
are dependent on plants. Diverse factors like water content and pH change the avail-
ability of nutrients in the soil. Plants must change their structural design and metab-
olism to adapt to different nutrient conditions. Transgenic studies have discovered 
that miRNAs regulate plant adaptive responses to nutrient deprivation. The expres-
sion of Arabidopsis miR169 was reported to be down-regulated while its targets 
NFYA (nuclear factor Y, subunit A) family members were up-regulated by nitrogen 
starvation. Expression of miR169 precursors was studied and observation was made 
that miR169a was substantially down-regulated in both roots and shoots under 
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nitrogen deprivation. It has also been observed that transgenic Arabidopsis plants 
overexpressing miRNA169a accumulated lesser amounts of N and were more sensi-
tive to N stress as compared to the wild type (Zhao et  al. 2011). Expression of 
miR395 is drastically up-regulated under sulfate starvation conditions and its induc-
tion is controlled by transcription factor SLIM1 (SULFUR LIMITATION 1) 
(Kawashima et  al. 2008, 2011). at low Pi stress, expression of miR399 was up- 
regulated, while the target ubiquitin conjugating enzyme (UBC) was 
down-regulated.

2.4.3  Grafting for Stress Tolerance

Vegetable grafting was initiated in Eastern Asian countries during early twentieth 
century to control the soil borne diseases, particularly, Fusarium and other fungal 
and bacterial wilts hampering the production system of solanaceous and cucurbita-
ceous vegetables (Lee et al. 2008, 2010). At present it is a common and promising 
process in Korea, Japan, China as well as some European countries for modification 
of the plant root system for improving its tolerance to not only biotic but also abiotic 
stresses like salinity, waterlogging and drought (Venema et al. 2008; He et al. 2009; 
Martinez Rodriguez et al. 2010; Bhatt et al. 2013). Grafting could also improve high 
or low temperature tolerance in tomato (Abdelmageed et  al. 2014). Cultivated 
tomato grafted onto Solanum melongena accession EG203 improved high tempera-
ture tolerance (Burleigh et al. 2005), while low temperature tolerance resulted when 
grafted onto Solanum habrochaites accession LA1777 rootstock (Venema et  al. 
2008). Tomato scions grafted on interspecific rootstocks like Solanum lycopersicum 
x S. habrochaites improved tolerance to low soil temperature (10–13 °C), while in 
brinjal, S. integrifolium x S. melongena rootstocks resulted in tolerance to low soil 
temperature (18–21  °C) (Okimura et  al. 1986). Palada and Wu (2007) reported 
waterlogging tolerance in tomato grafted onto brinjal rootstock. Similarly, Anant 
(2016) reported that tomato grafted on brinjal rootstocks IC 354557 and IC 111056 
can resist waterlogging stress for 4 days. Among cucurbits, Cucurbita spp. root-
stocks were more tolerant to salinity than Lagenaria siceraria rootstocks (Matsubara 
2012). Melons grafted onto hybrid squash rootstocks also showed salinity tolerance 
compared to non-grafted melons (Yetisir et al. 2006).

2.4.4  Cultural Practices

Good agronomic practices and modification of the existing cultural practices can 
combat climate change. The amount of emission of greenhouse gases may be 
reduced by conservation agriculture technologies, mulching and carbon sequestra-
tion by adoption of various types of cropping systems and agroforestry (Koundinya 
et al. 2018). For dry and humid conditions 0.39 t CO2 equivalent/ha/year and 0.98 t 
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CO2 equivalent/ha/year respectively may be mitigated through proper cultural prac-
tices (Smith et al. 2007; Milder et al. 2011).

Crop systems will be affected by both biotic (pests, infections) and abiotic (solar 
radiation, water, temperature) variables due to the changing climate, thereby becom-
ing a menace to crop production and sustainability. Adaptation to this present day 
scenario might be better under diversified agroecosystems having broader range of 
characteristics and functions, which is important to combat the projected changes in 
biotic stress as well as and abiotic ones (Matson et al. 1997). As climate variability 
has grown, diverse agroecosystems have become more vital for agriculture. 
Temperature and precipitation, especially during the flowering and fruiting periods, 
is of paramount importance to crop yields. Resilient systems are the need of the day 
to protect the crops from the natural vagaries and extremities, especially when the 
crop is in critical growth phases like flowering or fruit development (Abewoy 2018). 
Diversified agricultural systems demonstrate how more structurally sophisticated 
systems might buffer the effects of changing climate on crop production in a variety 
of ways. Polycultures, or the cultivation of two or more crop types and wild variants 
in the same area, provide spatial and temporal diversity in crops as well as climate 
change mitigation. Agroforestry systems are an example of a high-complexity agri-
culture system. The multi-tier system is also beneficial for sustainable use of the 
available resources and also may protect the crops from temperature fluctuations 
(Solankey et al. 2015b). Tomato intercropped with okra, brinjal, potato and corn in 
high temperature conditions enhanced productivity and profitability (Kumar et al. 
2012). Multi-layered cropping with Cotton + Radish + Cluster bean + Beetroot or 
Cotton + Radish + Beetroot + Coriander has been tested by Sankaranarayanan et al. 
(2012) and found to enhance productivity and proved to be profitable. A multi-tier 
cropping with pointed gourd + elephant foot yam + cowpea has been found to be 
sustainable (Solankey et  al. 2015b). Short duration and bushy photo-insensitive 
cowpea in particular, having biotic and abiotic stress resistance can be a very impor-
tant vegetable for cropping system diversification and increment of productivity as 
well as profitability.

Adjusting the sowing or planting dates can help in avoiding the periods of high 
temperature and water stress (Welbaum 2015). Precision farming is another impor-
tant aspect that involves judicious fertilizer application at the proper site, at the cor-
rect time and thus does not allow excessive use of fertilizer. The water application 
to the crop is also very precise and applied at the critical growth stage in such a 
manner that it is applied at the root zone of the crop only, thereby saving water and 
improving quality of the vegetable besides yield. Irrigation should be applied during 
critical stages of growth of the crop for combating the effects of drought stress and 
also high temperature (Malhotra 2016). Excess water is also detrimental to vegeta-
bles, and growing them on raised beds or on furrows, particularly during rainy sea-
son, may help in combating this, and improve vegetable yield and quality (De la 
Peña and Hughes 2007; Welbaum 2015). In rainy season the vegetables may even 
be grown inside transparent polythene rain shelters and low-cost tunnels to lower 
the detrimental effects of waterlogging in field. Good drainage channels in the field 
should be prepared for drainage of rain water.
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Protected structures ranging from low cost polytunnels to high cost environment- 
controlled glasshouses are also used in the precision agriculture, particularly, in 
case of high value vegetables like tomatoes, cherry tomatoes, bell peppers, cucum-
bers, lettuce, etc., that protects the crop from the extremities of weather (Mondal 
et al. 2011).

Adoption of organic farming is another way of combating climate change and it 
forms both adaptation and mitigation strategy for it. Chemical fertilizers and pesti-
cides are not used in the system, and there is addition of organic sources of N that 
release the nutrient slowly leading to lesser N2O release to atmosphere (Muller 
2009). CO2 emission from organic farming system is lower than conventional sys-
tem, besides it reduces soil erosion, improves water infiltration and retention, 
thereby being more suited under moisture scarcity conditions (Sartaj et al. 2013).

Mulches, both organic and inorganic, may be used in vegetable farming system 
to improve quality, besides having ability to conserve soil moisture, soil tempera-
ture, reduce soil erosion and run-off and check weeds. Mulching in vegetables such 
as tomato, brinjal, potato, okra, melons and gourds has been done using rice straw, 
grasses or different coloured plastic mulches. Rice straw mulching in summer 
tomato has improved yield and quality and also B:C ratio (De La Pena and Hughes 
2007; Pandey and Mishra 2012). The soil temperature can be increased by use of 
polythene mulches that are transparent, black, green and red and thereby aid in veg-
etable growing under cold stress conditions. On the other hand, silver poly mulch 
helps in reduction of temperature and aid in crop cultivation in high temperature 
conditions. Besides, black and green polythene mulches check weed growth, silver 
mulches repel white flies and aphids, red mulches suppress nematodes, yellow 
mulches attract white flies and aphid and blue mulches attract thrips, thereby acting 
as trap for them.

2.4.5  Plant Growth Regulators and Osmoprotectants 
Influencing Abiotic Stress Tolerance in Plants

Plant growth regulators and osmoprotectants have pivotal role in combating abiotic 
stresses, due to their direct role in plant physiology. Vegetables are particularly pre-
disposed to quick senescence due to stress and the plant growth regulators make 
senescence slow due to activation of enzymes that have free radical scavenging 
capability. Amino vinyl glycine (AVG) and 1-methylcyclopropene (1-MCP), both 
having ethylene inhibiting properties, aid in extension of shelf life through sup-
pressing ethylene formation resulting from stress (Baldwin 2003). In bell peppers 
and zucchini, methyl jasmonate helps in tolerating cold stress (Wang 1994). Abscisic 
acid also renders tolerance to chilling stress in many vegetables (Wang 1993) 
(Table 2.8).
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Table 2.8 Influence of plant growth regulators and osmoprotectants on various abiotic stresses of 
vegetables

Stress
Plant growth regular/osmoprotectant 
used Role

Chilling and 
freezing

Ammonium molybdate @ 0.15% foliar 
spray

Decrease negative effect

GA3 and proline used for soaking seeds 
before sowing

Enhance seed germination

Paclobutrazol Enhance free radical scavenging 
enzyme activity

Uniconzole @50 ppm Reduction of electrolyte leakage
Abscissic acid Induce tolerance to freezing

Heat Gibberellic acid @50 ppm α-Amylase production is 
stimulated thus improving seed 
germination

Benzyl amino purine Senescence and lipid peroxidation 
are decreased

Salicylic acid Increases heat tolerance
Glycine betaine Ion leakage is decreased
Ethylene Improve seed germination under 

high temperature
Salinity NaCl @10 mM used for seed hardening Enhance photosynthetic activity

Brassinolode @0.5 ppm
Salicylic acid @100 ppm
NAA @40 ppm Check flower drop, fruit drop and 

bud drop
Exogenous ABA application Reduce toxic cl− ion accumulation 

in leaves and thus release of 
ethylene and leaf senescence

Jasmonic acid Improve response to salinity in 
sensitive genotypes

Ascorbic acid Leaf number increased
Ascorbic acid + zinc sulphate Improved plant height and total 

plant biomass
4 mM ascorbic acid +4 mM gibberellin 
could

Transpiration rate improved, 
chlorophyll b content, total 
chlorophyll content, xanthophyll 
content and relative water content 
enhanced

Polyamines (spermine, spermidine and 
putrescine) GA3, cytokinin, IAA, 
cycocel, thiourea

Improved salinity tolerance

(continued)

S. Akhtar et al.



57

Table 2.8 (continued)

Stress
Plant growth regular/osmoprotectant 
used Role

Drought 2% DAP +1% KCl as foliar application 
during flowering and fruit development 
phase

Improved drought tolerance

Kaoline @3% as foliar spray
Cycocel @500 ppm, i.e., 1 ml/litre water 
of commercial product
Seed soaking in KH2PO4 @1% for 6–8 h
NAA @40 ppm
Cytokinin @10 ppm
Brassinolide @0.5 ppm
Salicylic acid @100 ppm
Ascorbic acid @100 ppm
Cycocel @10 ppm
Zinc sulphate @0.5% + boric acid 
@0.3% ferrous sulphate + @0.5% + urea 
@1% as foliar spray during critical stages 
of moisture application

Waterlogging Cycocel @500 ppm as foliar spray Checked apical dominance and 
promoted lateral growth

2% DAP +1% KCl as foliar application 
during flowering and fruit development 
phase

Improved waterlogging tolerance

Zinc sulphate @0.5% + boric acid 
@0.3% ferrous sulphate + @0.5% + urea 
@1% as foliar spray during critical stages 
of stress
Brassinolide @0.5 ppm as foliar spray Enhanced photosynthetic activity
Salicylic acid @100 ppm as foliar spray Improved use of stem reserve

2.4.6  Crop Modelling or Simulation

Different weather forecasting models have been developed that help in prediction of 
the patterns of weather based on long term available data and by using remote sens-
ing and GIS (Vermeulen et al. 2010). Crop simulation models for different crops 
have also been created for prediction of the yield and other important attributes and 
thus help in assessing the probable effect of climate change on the particular crop 
and aid in determining the adaptation strategies necessary for it. For prediction of 
yield of potato in India, Bangladesh and Australia, Luck et al. (2010) created three 
global climate models (EH5OM, HadCM3Q and CCAM-Mark 3.5) and two 
regional climate models (RegCM3 and PRECIS). Pest-disease forecasting models 
in particular are of great importance to vegetable crops that can prepare growers for 
the upcoming pest-diseases and adoption of preventive measures. The Hyre model, 
Smith model, Wallin model, Blitecast, Fry model, Hartil model and Young model 

2 Emerging Obstacles of Vegetable Production Due to Climate Change and Mitigation…



58

were used by Luck et al. (2010) for predicting late blight incidence in potato. Some 
important crop simulation models are Decision Support System for Agrotechnology 
Transfer (DSSAT), World Food Studies (WOFOST), INFOCROP, Agricultural 
Production Systems Simulator (APSIM), Cropping Systems Simulation Model 
(CropSyst) and Madhuram. DSSAT has simulation models for 42 crops including 
vegetables like potato, tomato and cabbage. Madhuram is specific to sweet potato 
for prediction of crop phenology on the basis of developmental days, both vegeta-
tive and reproductive.

2.5  Conclusion

Changing climate affects vegetable production as it does for all other crops. For 
feeding the ever-increasing population, the challenge is to maintain and even 
increase the productivity and quality. Developing climate resilient varieties, adop-
tion of grafting, besides adoption of suitable cultural practices can be the sustain-
able approaches to combating the climate change and stresses. Recent techniques of 
forecasting and crop simulation models can be the futuristic approach to predict the 
climate change and be ready to face it.
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Chapter 3
Impact of Climate Change 
on Nutraceutical Properties of Vegetables

Meenakshi Kumari, Shashank Shekhar Solankey, D. P. Singh, and Rajiv

Abstract Due to the fact that vegetables are the only cheapest source of nutrients, 
vitamins, and minerals, hence they are a crucial part of the human diet. They pro-
vide good remunerative to the growers as they fetch more money from market. The 
effects of climate change, such as global warming, modifications to seasonal and 
monsoon patterns, and biotic and abiotic variables, are also having an impact on 
these crops, just like they do on other crops. Crop failures, low yields, declining 
quality, and an increase in pest and disease issues are frequent under climate change- 
related conditions, which make unprofitable to cultivate vegetables. Because of 
many physiological and enzymatic processes depend on temperature, they will be 
significantly impacted. The two most significant effects of temperature rise on veg-
etable cultivation are drought and salt. Crop yields may improve as a result of 
increased CO2 fertilisation; however, this positive effect decreases after certain 
point. Greenhouse gases produced by human activity, such as CO2, CH4, and CFCs, 
are a major factor in global warming, while sulphate and nitrogen dioxides weaken 
the ozone layer and allow dangerous UV rays to enter the atmosphere. These cli-
mate change effects also have severe impact on the prevalence of pests and diseases, 
as well as on the nutritional value (vitamins, minerals, proteins, etc.) and aesthetics 
of vegetable crops. Iron and zinc levels, as well as the amount of protein in vegeta-
ble crops, were dramatically lowered by higher CO2 levels. In the end, the quality 
and volume of global vegetable output are falling due to climate change.
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3.1  Introduction

The main cause of abiotic stress in today’s vegetable cultivation is climate change. 
The cropping systems of vegetable should be climate change resistant, so that the 
vegetable production technology can achieve both economically successful and 
environmentally sustainable. The productivity of vegetable crop is severely threat-
ened by environmental stresses including flooding, drought, and excessive tempera-
tures which finally results in complete crop failures (Singh et al. 2020). The head of 
the Foundation for Innovation in Medicine (FIM) and executive Director Dr. 
Stephen L. De Felice, invented the term “nutraceutical” in 1979 as a combination of 
the phrases “nutrition” and “pharmaceutical” (Crawford, New Jersey) (Kalra 2003). 
It is a food item or food-related product that provides both medicinal and health 
advantages, such as illness prevention and therapy. They are products that have been 
separated or purified from foods, usually offered in therapeutic forms unrelated to 
food, and have been shown to provide physiological benefits or offer protection 
from chronic illness (Singh and Devi 2015). Due to an unbalanced diet, approxi-
mately worldwide 3 billion people suffer from malnutrition. A balanced diet must 
include vegetables because they are an excellent source of nutraceutical substances 
and phytonutrients. Climate change has a significant negative impact on the produc-
tion, quality, and productivity of vegetable  crops (Kumari et  al. 2021). Under 
adverse environmental stress, such as heat, cold, drought, flood, and salinity, many 
plant species’ genes are activated, enabling them to withstand a variety of stress 
conditions (Solankey et al. 2021a). Vegetables are recognised as protective foods 
since they are a great supply of vitamins, minerals, carbs, and proteins. They also 
offer health protection because of the presence of secondary metabolites with 
medicinal value. The most prominent phytonutriceuticals in vegetables with bio-
logical activity against chronic diseases include vitamins, minerals, dietary fibre, 
organosulfur compounds (glucosinolates and thiosulfides), and flavonoids. Among 
all crops, potatoes are particularly sensitive to climate change since they need a 
certain environment for a number of physiological processes (Singh and Devi 2015). 
Fighting against hunger and malnutrition are now two main priorities of developing 
nations. In India, around 43.5% children under the age of 5-year-old are chronically 
undernourished. Vegetable consumption is usually thought to have a number of ben-
eficial impacts on health. Risk of cancer and other cardiovascular disease are directly 
linked with low consumption of fruit and vegetables Martinez-Gonzalez et  al. 
(2011); Krebs and Kantor (2001); Lock et  al. (2005); and Mosby et  al. (2011). 
Vegetables with a wide variety and high nutritional value are crucial for reducing 
malnutrition. As mentioned in below Table 3.1, each vegetable includes a distinct 
combination of phytonutrients.

Vegetables with high amount of anthocyanin (broccoli, black/ purple carrot, pur-
ple brinjal and purple cauliflower) are becoming more or more popular day-by-day 
due to their increased activity of antioxidant (Table 3.2). The colour features of rad-
ish and potato extracts are quite comparable to those of Allura red (Shipp and 
Abdel 2010).
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Table 3.1 Biochemical compound that have nutritional importance found in vegetables

Nutraceuticals Vegetables

Glucosinolates, Sulforaphane Cole crops
Lycopene Solanum lycopersicum & various Nightshade family 

crops, Citrullus lanatus

Silymarin Cynara cardunculus var. scolymus

Ascorbic acid Brassica oleracea var. capitata, Brassica oleracea var. 
italica, green leafy vegetables

Tocopherol Green leafy vegetables
Allyl sulphides Alliaceae family crops
Retinol Daucus carota, Cucurbita moschata, Cucumis melo var. 

cantalupensis

Ascorbic acid Momordica charantia, Capsicum annuum var. grossum

Folates Green leafy vegetables
Alliin, Methiin Allium species

Quercetin Allium cepa & Allium sativum

Kaempferol, Myricetin, Fisetin Allium cepa, Lactuca sativa, endive, Armoracia 
rusticana

Luteolin Apium graveolens, Brassica oleracea var. italica

Apigenin Apium graveolens, Brassica oleracea var. capitata and 
Lactuca sativa

Isoflavonoids Legume vegetables, Brassica oleracea var. italica and 
Abelmoschus esculentus

Genistein and Daidzein Glycine max

Glucoraphanin Brassica oleracea var. capitata f. rubra and Brassica 
oleracea var. italica

Glucobrassicin, Progoitrin, 
Gluconasturtiin

Brassica oleracea var. italica

Glucoerucin, glucoraphanin Brassica rapa and Brassica napus var. napobrassica

Lysine, Chlorgenic acid Solanum tuberosum

Caffeic acid, Chlorgenic acid Solanum melongena

Nasunin Solanum melongena

Angelicin, Xanthotoxin Pastinaca sativa

Ferulic acid, Betanin Beta vulgaris

Anthocyanin and Chlorgenic acid Ipomoea batatas

Rutin Asparagus officinalis, Capsicum annuum (green color)
Patuletin, Spinacetin Spinacea oleracea

2″-xyloside vitexin and 6″-malonyl- 
2″-xyloside vitexin

Swiss Chard

Betanin Beta vulgaris

Capsaicin Capsicum annuum (red color)
Carnitine Asparagus officinalis

Curcumin Curcuma longa

Hesperitin Green leafy vegetables
Lignan Glycine max and Brassica oleracea var. italica

Resveratol Allium cepa (red)

Adapted from Singh and Devi (2015)
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Table 3.2 Anthocyanin concentration in different vegetables

Vegetable Anthocyanin (mg/100 g) References

Brassica oleracea var. capitata f. rubra 322 Wu et al. (2006)
Raphanus sativus (red) 100–154 Wu et al. (2006)
Allium cepa (red) 23.3–48.5 Ferreres et al. (1996)
Solanum melongena 8–85 Koponen et al. (2007)

Adapted from Singh and Devi (2015)

3.2  Improvement of Nutrition in Vegetables

As we go into the twenty-first century, improving the nutritional quality of horticul-
ture products, particularly the nutraceutical importance of green veggies will make 
plant breeder’s efforts profitable. It is becoming increasingly clear that eating 
healthful meals may help maintain a healthy lifestyle and that eating is not only for 
body growth and subsistence in industrialised nations when the majority of the pop-
ulation has access to enough food. People are starting to eat more nutritious foods 
that can help with “diseases of excess” and chronic diseases linked to diet, such 
some forms of obesity, heart disease, and some types of cancer. Along with other 
agricultural professionals and extension agents, plant breeder’s services, are primar-
ily responsible for the world’s population’s access to an abundance of food, better 
health and nutrition, and stunning landscapes. Breeding plants to increase their min-
eral and vitamin content has a number of beneficial advantages. The majority of 
breeding and genetic work has been focused on crops like Daucus carota, Ipomoea 
batatas, Capsicum annuum, Solanum lycopersicon, Cucurbita moschata, and 
Cucumis sp. that are already reasonably rich suppliers of vitamins (Singh and Devi 
2015). In Tomato, dominant gene (Aft) Anthocyanin fruit responsible for purple 
colour, which generates restricted pigmentation upon stimulation by high light 
intensity was introduced into tomato by crossing domestic tomato plants with 
S. chilense (Mes et al. 2008; Jones et al. 2003). A robust and varied pigmentation 
may also be induced in the tomato peel from Solanum lycopersicoides Dunal by the 
gene Aubergine (Abg). Red cabbage’s anthocyanin production and accumulation 
are mediated by the transcriptional activation of the anthocyanin structural genes by 
the bHLH and MYB transcription factors (Yuan et al. 2009).

An intriguing genetic mutation known as spontaneous reported in Cauliflower 
(Brassica oleracea var. botrytis) which is responsible for semi dominant Orange 
(Or) mutant that causes carotenoid deposition in typically unpigmented tissues 
(Dickson et al. 1998). The Or gene causes the plant‘s tissues to accumulate large 
quantities of β-carotene, which is responsible for orange colour. This is especially 
noticeable in the plants with white edible curd and shoot apical meristem. Mano 
et al. (2007) reported the finding of a new R2R3-type MYB gene, IbMYB1, and its 
predominant expression in the root of tuberous vegetable of purple-fleshed cultivars 
using a purple-fleshed sweet potato cDNA library. Purple colour of Ipomoea bata-
tas tuberous roots in the flesh is caused by the gene IbMYB1. A ripening-inducible 
E8 promoter and a yeast S-adenosylmethionine decarboxylase gene (ySAMdc; 
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Spe2) in tomato fruit were coupled to raise the polyamines spermidine and sperm-
ine levels. By increasing the conversion of putrescine into higher polyamines, the 
ySAMdc gene promoted spermidine and spermine, which are ripening-specific 
compound. According to these results, the overall quality of fruit juice was improved 
due to increase in lycopene and shelf life of vine. Since cultivated tomatoes contain 
generally low amounts of lycopene and raising lycopene levels will improve the 
fruit’s nutritional value. Romer et al. (2000) boost the carotenoid content and profile 
of tomato fruit, trans-genic lines have been created that express the bacterial carot-
enoid gene (crtI), which makes the enzyme phytoene desaturase, which converts 
phytoene into lycopene. However, the amount of β -carotene more than tripled, 
reaching 45% of the total carotenoid content. Chromosome fragments of Brassica 
villosa, a wild progenitor has been introgressed to increase the amount of glucosino-
lates. Depending on the B. villosa allele, indole-3-carbinol or sulphoraphane is pro-
duced during hydrolysis. Brassica  rapa is a root  vegetable that is most often 
consumed in Asia. As compared to B. oleracea, B. rapa contain different types of 
isothiocynates and a new research shows that it also gives protective benefits to 
people who lack GSTM1 (Gasper et al. 2005). Table 3.3 list of gene which is respon-
sible for enhancing various nutraceutical components in various vegetables.

3.3  Quality of Vegetables/Fruits and Elevated CO2

Additionally, it has been noted that in various vegetables, increased CO2 raises the 
concentrations of some bioactive substances. The impact of elevated CO2 on physi-
ology of vegetables/fruits have been summarised by Moretti et al. 2010. In their 
research, it was found that several vegetables/fruits had reduced alkaloids and 
organic acids while increased ascorbic acid, flavonoids, sugars, phenols, starch 
anthocyanin and also firmness and colour (Shivashankara et al. 2013). According to 
Zhang et al. (2014), tomato fruits with increased CO2 had significantly higher con-
centrations of compounds like Vitamin A, lycopene, Vitamin C, which are essential 
for development of our health and also had high amount of chemicals like titrable 
acidity, total soluble solids and sugar/acid ratio which is known as flavor-enhancing 
chemicals. The tomato fruit firmness, colour, fragrance, and sensory qualities were 
also markedly improved by CO2 enrichment. Yield contributing characters like 
fruits per plant and average weight of fruits were main contributing characters for 
yield n tomato under heat stress (Solankey et al. 2017).

3.4  Vitamin C, Sugars and Acidity

Protective antioxidant substances like ascorbate and phenolics are created by plants 
by extra carbon which is fixed during enrichment of CO2. In Tomato fruits, when 
enhanced CO2 was provided at various degrees of maturity, some quality metrics 
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Table 3.3 Vegetable gene list responsible for nutraceutical enhancement

Vegetable crop Gene Nutrient enhancement

Solanum tuberosum Or β-carotene
Brassica oleracea var. botrytis Or β-carotene
Solanum tuberosum AmA1 Protein
Solanum tuberosum Crt B β-carotene
Solanum lycopersicum B β-carotene
Ipomoea batatas asp-1 High protein
Solanum lycopersicum Phytoene synthase − 1(Psy-1) Carotenoids
Solanum lycopersicum chi-a High flavonols
Solanum lycopersicum LC and C1 Kaempferol
Solanum lycopersicum Aft, Abg Anthocyanin
Cucumis sativus Ore β-carotene
Brassica oleracea var. capitata f. rubra MYB Anthocyanin
Brassica oleracea var. botrytis (purple) Pr Anthocyanin
Ipomoea batatas IbMYB1 Anthocyanin
Solanum lycopersicum Cry-2 Lutein
Solanum lycopersicum ySAMdc; Spe2 Lycopene
Solanum tuberosum Dxs Phytoene
Solanum lycopersicum GCH1 Folate
Lactuca sativa Gch1 Folate
Lactuca sativa Pfe Iron
Lactuca sativa Gul oxidase Ascorbate
Solanum lycopersicum hmgr-1 Tocopherols

Adapted from Singh and Devi (2015)

like organic acids were lower whereas, ascorbic acid and sugars were maximum 
(Islam et al. 1996). The increased CO2 improved fruit colour and development. In 
tomato at the pink stage, acidity and ascorbic acid levels are maximum whereas, 
slightly going down during ripening stage. In bean sprouts, ascorbic acid levels 
were also found to increase by two folds even with a CO2 concentration that was 
doubled for 1 h each day for 7 days (Tajiri 1985). High CO2 increased total sugars 
and acidity in grapes, although the impact was only noticeable during middle stage 
of ripening (Kurooka et al. 1990 and Bindi et al. 2001).

3.5  Total Phenols, Anthocyanins and Flavonoids

Under high CO2 concentrations, tomato antioxidant levels increased at very slow 
rate (Barbale 1970; Madsen 1971, 1975; Kimball and Mitchell 1981).
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3.6  Volatile Aroma Compounds

In field-grown strawberries (Fragaria ananassa Duch), Wang and Bunce (2004) 
examined how elevated CO2 affected the volatile aroma composition and fruit qual-
ity. Under high CO2 levels, ethyl hexanoate, ethyl butanoate, methyl hexanoate, 
methyl butanoate, hexyl acetate, hexyl hexanoate, furaneol, linalool, and methyl 
octanoate content of these key strawberry scent esters increased significantly 
(Shivashankara et al. 2013).

3.7  Mineral Nutrients

It has been suggested that increased CO2 has an impact on nutrients supply of veg-
etable and fruits. Lettuce produced in high CO2 environments reported lower ash 
content (McKeehen et al. 1996). In a number of types of woody and herbaceous 
plants, significant reductions in minerals including Iron, nitogen, sulphur, 
Magnesium, Calcium, Zinc (15–25%) were observed when CO2 levels were high 
(Loladze 2002). Chronic exposure to high CO2 levels may also have an impact on 
product quality (Gruda 2005), with total soluble solids, Vitamin C and capacity of 
antioxidant being enriched, while other macronutrients and micronutrients in green 
vegetables, such magnesium, iron, and zinc, may be depleted (Dong et al. 2018).

3.8  Effect of High Temperature on Quality

Heat waves may significantly affect plant growth, production, and product quality 
in horticulture. Open field crops are extensively exposed to sunlight and high tem-
peratures during heat waves. Physiological problems associated with calcium (Ca) 
uptake are frequently brought on by a lack of protection against stress. Plants tran-
spire a lot of water when it’s hot outdoors, which causes all the calcium in the tran-
spiration stream to flow directly to the leaves (Bisbis et al. 2019). Since Ca doesn’t 
reach the developing tip and the enclosing leaves in lettuce, this commonly results 
in tip burn, which results in necrosis on the margins of new leaves (Collier and 
Tibbitts 1982). Low transpiration results in insufficient Ca being allocated to the 
fruits, which results in blossom end rot in fruiting plants like tomato or pepper. 
Under the influence of global warming, winter dormancy may be hindered, which 
may have an impact on the output of perennial vegetables. For instance, during the 
cold season, asparagus becomes dormant and accumulates frigid temperatures of 
0–7 °C (Nie et al. 2016). Since cauliflower starts curd formation only at a tempera-
ture of 7–10 °C, therefore, higher temperatures might delay the process. When the 
temperature was increased by 2.9  °C above ambient the head development took 
place 49 days later in cauliflower (Wurr et al. 1996). Heat stress alters the physical 
characteristics of biomolecules directly (Solankey et al. 2021b).
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In an experiment with broccoli, Kaluzewicz et al. (2009) found that the higher 
the temperature was maintained for longer periods of time throughout the initial 
phase of growth that occurs after sowing as well as the period just before harvest, 
the greater the yield. If broccoli heads were exposed over 20 °C temperature for a 
longer period then the resulting yields were lower. The proportion of broccoli heads 
with an uneven surface decrease with the amount of time spent at temperatures 
between 5 and 15 °C during harvest and between 20 and 25 °C during the growth 
period before harvest. At the time of harvest, if broccoli heads exposed over 20 °C 
temperatures for a longer time results in development of loose heads.

3.9  Vitamin C, Sugars and Acidity

The healthy growth and development of plants, as well as the determination of the 
phonological phases, depend greatly on temperature. Among various fruit crops 
Vitis venifera are the most significant which are impacted by high temperatures for 
prolonged periods of time. In Tomato, due to high temperature biochemical com-
pounds like sugar, acidity and dry weight are reduced (Bikash Khanal 2012).

3.10  Phenols, Flavonoids and Anthocyanins

Increases in temperature hinder the colour development. The anthocyanin concen-
tration is more sensitive to night temperatures than to day temperatures (Mori et al. 
2005). The polyphenol content of several tomato varieties ranged from 104 to 
400 mg kg−1, according to George et al. (2004). This behaviour may be viewed as 
the plant‘s acclimatisation to heat stress (Rivero et al. 2001). Fruits lose some of 
their antioxidant capacity at lower temperatures (Wang and Zheng 2001). Even at 
25 °C temperatures, heat in broccoli can result in diseases and deformities such as 
uneven heads and oversized flower buds (Kaluzewicz et al. 2009). Heat triggered 
bracting in sensitive cultivars during this stage of head development (Wiebe 1972), 
and harvest temperatures exceeding 25 °C caused loose heads and early ripening 
(Kaluzewicz et al. 2009). High temperatures also resulted in uneven and less sweet 
heads, but they also raised the flavonol content and changed the composition of the 
glucosinolates in the florets (Molmann et al. 2015).

3.11  Lycopene and Carotenoids Content

High temperatures typically result in smaller size of tomato fruit and higher dry 
matter content. Lycopene content is also impacted by the high day/night tempera-
ture treatments (30°/25 °C) in tomato (Lycopersicon esculentum Mill., cv. “Laura”) 
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compared to the control temperature (28°/23 °C) (Fleisher et al. 2006). The amount 
of lycopene and other nutritional value components in tomatoes are further dimin-
ished by high sun radiation and temperature (Dumas et al. 2003; Helyes et al. 2003; 
Rosales et al. 2006). It has been shown that beyond 40 °C, ß-carotene content and 
synthesis decreases (Gautier et al. 2005). The quality of the fruit is greatly influ-
enced by the high temperature caused by direct solar exposure rather than plant 
temperature due to lycopene degradation. Instead of plant temperature, direct solar 
radiation-induced high temperature on the fruit surface has a significant impact on 
the fruit’s quality because lycopene is degradable (Dumas et al. 2003). As a result, 
tomato fruits produced in greenhouses have 40% more lycopene than tomatoes 
grown in fields as a result (Helyes et al. 2007).

3.12  Terpenoids

High temperatures change the volatile fragrance molecules in many vegetables in 
addition to the bioactive components. The effect of high temperature on the soybean 
isoflavone quality was observed to fluctuate with increased CO2 and water stress 
(Caldwell et al. 2005).

3.13  Stress from Water’s Impact

The disruptions in Ca allocation brought on by heat are not the sole factor contribut-
ing to lettuce tip burn; Ca absorption is also a factor. Poor Ca absorption may also 
result from insufficient soil water uptake (Bisbis et  al. 2019). Additionally, too 
much water may result in buttoning, nitrate leaching, and a consequent decrease in 
output because the soil is depleted of nutrients (Kaiser et al. 2011). The flowering 
stalk’s elongation from the core causes bolting, which happens in lettuce right 
before bloom induction (Kumar et al. 2012; Chatterjee and Solankey 2015). Bolting 
in lettuce causes bitterer leaves and worse head development, which are undesirable 
in all except stem lettuce. High temperatures might also cause premature bolting 
(Simko and Hayes 2015).

3.14  Sugars, Ascorbic Acid and Acidity

Stress of water makes fruits less juicy, which raises their sugar content (Chartzoulakis 
et al. 1999). The consequences, however, depends mostly on the phenological stage 
of water stress and may render fruits utterly non-commercial (Romero et al. 2006). 
By applying the treatment at later phases of fruit maturity, deficit irrigation therapy 
is utilised in some fruit crops to boost the sugar content. Under deficit irrigation 
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circumstances, tomato showed higher total soluble solids and sugars (Mitchell et al. 
1991; Birhanu and Tilahun 2010). However, water stress causes a drop in tomato 
marketable yield.

3.15  Phenols, Flavonoids and Anthocyanins

Strawberries accumulated more proanthocyanidins and anthocyanins due to inade-
quate watering. The increased activity of phenylalanine ammonia-lyase under water 
scarcity condition is primarily responsible for the increase in anthocyanins and phe-
nolic compounds (Tovar et al. 2002). Mineral movement like nitrogen, potassium 
and phosphorus within the tree is going to be affected by the water stress. However, 
lack of water has a negative impact on the quality during fruit set and the early 
stages of fruit growth. The water stress affects the impact of transport of minerals 
like nitrogen, potassium, and phosphorus inside the tree (Kirnak et al. 2001). If this 
happens during the active period of fruit growth will have an impact on the quality 
of the fruit.

3.16  Lycopene and Carotenoids

The primary pigments in many fruits and vegetables are due to carotenoids, which 
is isoprenoids that are naturally occurring and have antioxidant characteristics.

3.17  Salinity Stress

One of the key environmental conditions that inhibits plant development, yield, and 
output is salt stress. It has been discovered that salt stress during fruit development 
stage limits the vegetative growth and fruit quality (Shivashankara et al. 2013).

3.18  Phenols, Flavonoids and Anthocyanins

Reactive oxygen species (ROS) and their scavengers, enzymes, or nonenzymatic 
low molecular mass antioxidants are known to arise in response to salt stress.
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3.19  Lycopene and Carotenoids

Antioxidants like lycopene, carotenoids and ascorbic acid accumulated in tomato 
fruits during salt stress. Reactive oxygen species (ROS) and their scavengers, 
enzymes, or nonenzymatic low molecular mass antioxidants are known to arise in 
response to salt stress (D’Amico et al. 2003). However, under salt stress, the leaves 
of Solanum lycopersicum plant exhibit a reduced expression of carotenoid biosyn-
thesis genes, which significantly slows down photosynthesis and lowers plant pro-
ductivity and yield (Merlene et al. 2011). Abiotic stressors have a significant impact 
on the antioxidant capacity of fruits.

3.20  Conclusion

Regular eating of a diet high in vegetables has undeniably beneficial benefits on health 
since the phytonutrients in vegetables can shield the body against many chronic ill-
nesses. Cruciferous vegetables, bulb crops, tomatoes, cucurbits, soybeans, carrots, 
okra, and underutilised vegetables including lettuce, coleus, sweet potatoes, yams, 
moringa, winged beans, basella, horse purslane, and cluster beans are rich sources of 
bioactive chemicals. Abiotic stress effects on antioxidant quality are further amplified 
by climate change. Adaptation tactics, including as the cultivation of robust crop vari-
eties, effective irrigation systems, unique pollination techniques, and agricultural 
technologies, will be needed to adjust to changing environmental circumstances and 
preserve the supply of foods that are crucial for human sustenance. As a result, efforts 
must be made to comprehend the impact of various abiotic stresses on various fruit 
crops as well as the critical stages of fruit growth at which the overall quality of the 
vegetables are adversely affected. Additionally, strategies must be developed to coun-
teract the negative effects of abiotic stresses.
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Chapter 4
Nutritional Stress Management 
in Vegetable Crops Under Changing 
Climate Scenario

Bholanath Saha, K. Madhusudhan Reddy, Sushanta Saha, Ayesha Fatima, 
and Shashank Shekhar Solankey

Abstract Climate change impacts the yield reduction, decreased quality and some-
times entire crop failure and thus render reduced interest of farmers. Deficiency of 
nutrients along with impact of climate change in vegetable seedlings are also com-
mon in vegetable based production systems. Large scale occurrence of multi- 
nutrient deficiencies leads to reduction in yield. Judicious nutrient application 
through soil test based fertilizer recommendation in vegetables could reduce the 
possibility of yield loss caused by climatic aberrations as some nutrient elements 
have established effects on drought tolerance. The importance of maintaining soil 
fertility and nutrient management is becoming more widely understood, especially 
in developing countries where there is a high population pressure on the land. The 
hopes of humanity to successfully overcome the challenges of food shortage have 
undoubtedly been brightened by the intensive fertilizer use, intensive cropping and 
high-yielding varieties, but at the same time they have also given rise to numerous 
problems associated with soil fertility, fertilizer use, and soil and water manage-
ment. The food and nutritional security should warrant availability of adequate and 
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quality food to people to meet their dietary and nutritional needs for a healthy and 
productive life. Vegetable crops being short term grown and potential high yields, 
have high demand for added nutrients to maintain the quality of the produce. 
Managing nutrients for these short term grown vegetable crops under changing cli-
matic conditions needs special cares to be taken for efficient crop production. For 
instance, nitrogen being a highly mobile nutrient needs its judicious application 
during unprecedented high rainfall. Another example is potassium, a costly fertil-
izer element which could enhance the drought tolerance in crops under current days 
climatic changes, needs its judicious application through soil test based fertilizer 
application. The ability of a soil to supply nutrients is a measurement of its fertility, 
and how fully it is expressed, depends on the impact of the plants that are cultivated 
there, the surrounding environment, and soil management.

Keywords Climate change · Soil · Nutrient management · Vegetable crops

4.1  Introduction

Soil is an essential resource for the foundation of agricultural development and 
sustained quality of human life. The changes in climate due to ‘greenhouse effect’, 
the changes in atmospheric temperature and associated global water cycle, changing 
rainfall pattern have major impact on vegetation, soil process and ecosystem func-
tioning including changes in nutrient availability which have profound implications 
of agricultural production. The probable effect of anthropogenic greenhouse gases 
induced climate change on different soil processes, nutrient dynamics and soil 
health. Since the industrial revolution era, human activity has increased the amount 
of greenhouse gases (GHGs) emission in the atmosphere, leading to increased radi-
ative forcing from carbon di-oxide (CO2), methane, CFCs, tropospheric ozone and 
nitrous oxide. Since 1750, there has been an increase in CO2 and methane concen-
trations by around 36% and 148%, respectively. These levels are significantly 
greater than they have ever been in the previous 650,000 years. The source of GHG 
emissions from agriculture are primarily from methane emission from paddy fields 
(23%), enteric fermentation in ruminants (59%) and nitrous oxides released from 
manures and fertilizers application. The FAO estimated that land use and agriculture 
accounted for 20% of all GHG emissions (Ullah et al. 2021).

A majority of the climatic studies under controlled condition have found signifi-
cant variation in soil processes including net nitrogen (N) mineralization and soil 
respiration, which may have a large impact on how well ecosystems function by 
changing the availability of nutrients (Emmett et al. 2004). Synthesis of findings 
from numerous research conducted across a number of ecosystem types, global 
warming could result in an average 20% increase in soil respiration and an average 
46% increase in soil net N mineralization rates (Rustad et al. 2001).

A mineral element is considered to be essential, when a plant is unable to com-
plete its reproductive stage of life cycle owing to its deficiency. Regarding 
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postharvest disorders of various vegetables, the importance of calcium nutrition 
during growth has been well-documented (Sams and Conway 2003). Calcium has 
also been suggested as a putative signaling molecule which is actively involved in 
the development of cross tolerance to abiotic stresses (Bowler and Fluhr 2000). 
Therefore, the role of pre-harvest calcium nutrition in post-harvest stress resistance 
may be complex, and depends on whether the vegetable is also exposed to abiotic 
stresses. Relatively high pre-harvest nitrogen is often associated with poor post- 
harvest vegetables quality. In cabbage, excessive nitrogen fertilization leads to 
higher accumulation of zinc and aluminum and nitrate-induced Mn deficiency 
(Berard et al. 1990). In potatoes, susceptibility to black spot (Stevens and Davelaar 
1997) is influenced by nitrogen fertilization. On the other hand, vegetables will typi-
cally contain more vitamin C when there is a nitrogen deficiency or when nitrogen 
application rates are lower than recommended. Vitamin C content has been closely 
correlated with storage life potential (Hodges et al. 2001), which is likely a conse-
quence of the importance of this antioxidant nutrient in forestalling oxidative injury 
that leads to quality losses in storage. Potassium deficiency in carrots is linked to 
increased weight loss during storage (Shibairo et al. 1998).

Raising vegetables and fruit trees requires the use of nutrient components, par-
ticularly micronutrients, not only to prevent yield loss but also to enhance product 
quality. Particularly for fruits and vegetables, the reduced quality of the produced 
product owing to micronutrient deficiency frequently results in greater economic 
losses than a reduction in yield. For instance, peanut prices in US markets were 
reduced by 2% or more in kernels with hollow hearts (Morrill et al. 1977). Low B 
levels may also compromise the ability to store fruits and vegetables (Smith 
et al. 1997).

4.2  Effect of Nutrient Deficiency Stress in Vegetable Crops

It takes the coordinated efforts of soil scientists, ecologists, physiologists, biochem-
ists, agronomists, and molecular biologists to understand the complicated phenom-
enon of nutrient stress. The presence of high concentrations or insufficient levels of 
element availability can both cause nutrient stress. A deficiency of one element can 
sometimes be due to the presence of another element in excess amounts. In this 
regard, efforts were made to illustrate the availability, functional characteristics, and 
toxic and deficient symptoms of 14 elements necessary for plant survival as well as 
other elements that cause phytotoxicity. Visual deficiency signs offer a fundamental 
basis for determining the plant‘s nutritional condition.

The traditional methods of fertilising vegetable crops with copious amounts of 
organic manures—like FYM, compost, and green manures—maintain the soil’s 
necessary levels of micronutrients. Due to limited usage of organic manures, the 
utilization of short-duration and high yielding cultivars, and the application of 
macro elements at higher dosages of, output has stalled and it is possible that there 
will be an increase in the lack of micronutrients. Thirty five different elements are 
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needed by plants in total, 16 of which are crucial to their growth and development. 
The two categories of macro and micro nutrients can further be used to separate the 
important plant nutrients. The basic nutrients—nitrogen, phosphorous, and potas-
sium—require larger amounts than micronutrients, which are substances that are 
essential for growth of plants but are needed in lesser amounts. Zinc (Zn), Iron (Fe), 
Boron (B), Copper (Cu), Manganese (Mn), Molybdenum (Mo), and Chlorine (Cl) 
are the necessary micronutrients. These substances are extremely effective and 
deliver the best results in small amounts. Micronutrient deficiencies have a signifi-
cant impact on plant development, metabolism, and the reproductive stage. On the 
other hand, plants are harmed by even a tiny excess or shortage. A crucial element 
in controlling nutrient supply is soil pH. All macro and micronutrients are most 
readily available in soils that range in pH 6.5–7.0 (slightly acidic to neutral).

It is increasingly recognized throughout the world that soil fertility and fertilizer 
management is of considerable importance, particularly in developing countries 
where there is a significant population strain on the land. High-yielding varieties, 
intensive cropping, and intensive fertiliser use have undoubtedly increased human-
ity’s chances of successfully overcoming the challenges of food scarcity, but they 
have also resulted in a number of issues related to soil fertility, fertiliser use, and soil 
and water management. In an ideal scenario, the soil would ensure adequate nutrient 
distribution and retention, support and sustain root growth, maintain the biotic envi-
ronment of the soil, respond to management, and prevent deterioration. The nutrient- 
supply capability of soil is an important indicator of its fertility, whose full 
expression depends on the plants grown on it, the environment, and soil management.

4.3  The Essential Nutrient Elements

One of the most important factors affecting plant productivity is soil nutrition. 
Nutrient availability is highly vulnerable to climate change. The availability of 
Carbon, Nitrogen and Phosphorus has serious impacts on plants since they are 
essential nutrients for plant growth and development (Elbasiouny et al. 2022). It is 
believed that crop plants cannot grow properly and reproduce without seventeen 
(17) specific elements. On the basis of their concentration in plants, the macronutri-
ents C, H, O, N, P, S, Ca, Mg, K are generally at concentrations greater than 
1000 mg/kg (plant dry matter basis); and the micronutrients viz., Fe, Mn, Zn, Cu, B, 
Ni, Cl and Mo are generally less than 100  mg/kg in concentration (Table  4.1). 
Carbon (C), Hydrogen (H) and Oxygen (O) are only of brief significance, as they 
are supplied by CO2 and H2O, which are available in abundance in the both atmo-
sphere and hydrosphere respectively. Other than N, which makes up 78% of the 
atmosphere, parent material and weathering minerals in the soil are the main sources 
of the other important elements. Other elements are also absorbed by plants, some 
in significant amounts, such Sodium (Na), which is beneficial for many other spe-
cies since it can partially replace K and is required for halophytes like saltbush 
(Atriplex vesicaria) (Marschner 1995).
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Table 4.1 List of essential and beneficial elements according to their concentration in plant tissues

Macronutrient (>0.5 g/kg plant dry weight) Micronutrient (<0.5 g/kg plant dry weight)
C Carbon Fe Iron

H Hydrogen Mn Manganese
O Oxygen Cu Copper
N Nitrogen Zn Zinc
P Phosphorus Mo Molybdenum
K Potassium B Boron
Ca Calcium Cl Chlorine
Mg Magnesium Ni Nickel
S Sulphur (Na) Sodium
(Si) Silicon (Co) Cobalt

Both humans and animals require sodium. In addition to being advantageous for 
several species of commercial significance, such as paddy, sugarcane, and sugar-
beet, silicon (Si) is necessary for some marsh grasses. Both legumes and non-
legumes require cobalt (Co) for symbiotic N2 fixation, and ruminant mammals also 
require cobalt. Iodine (I) and selenium (Se) are essential for human and animal 
health, while not being beneficial to plants other than a few algae. Se deficiency in 
animals’ results in white muscle disease, while Iodine (I) deficiency in humans’ 
results in goitre. Vanadium (Va) can partially replace Mo in the process by which 
bacteria fix N2. Lanthanum (La) and cerium (Ce), rare earth elements, have alleg-
edly been claimed to be helpful for plant development in China, although this claim 
has not been supported elsewhere.

Understanding how mobile micronutrients are in plants might help identify 
nutritional deficiencies. In the event of a deficiency, a mobile micronutrient in the 
plant moves to the growth points, causing deficiency symptoms to manifest on the 
lower leaves, as opposed to immobile nutrients, which do not migrate to the grow-
ing points, causing deficiency symptoms to manifest on the younger plant parts 
(Table 4.2 and Fig. 4.1). The availability of nutrients to plants and the technique of 
delivery are influenced significantly by the mobility of micronutrients in soil.

4.4  Movement in Soil

 (i) Mobile: The micronutrients that are mobile are highly soluble and they are not 
adsorbable to clay complexes, for instance, B03

=, Mn++and Cl−

 (ii) Less mobile: They are likewise soluble, but because they are adsorbed on clay 
complexes, their mobility is diminished. e.g. Cu++.

 (iii) Immobile: Because these ions are so reactive, they become stuck in the soil. 
e.g. Zn++
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Table 4.2 Typical deficiency symptoms/disorders in common vegetables

Vegetable crop Disorder

Beans Hypocotyl necrosis
Brussels sprouts Internal browning
Cabbage Internal tip burn
Cauliflower Whiptail, buttoning, browning
Carrots Cavity spot, cracking
Celery Black heart
Lettuce Tip burn
Parsnip Cavity spot
Tomatoes Blossom end rot
Radish Akashin

Fig. 4.1 Visual deficiency symptoms in vegetables. (Source: www.commons.m.wikimedia.org)

4.5  Nitrogen (N)

The availability of nitrogen (N) to plants affects how they use carbohydrates. 
Vegetative cells will accumulate carbohydrates, which will cause them to thicken 
when N supplies are limited. Proteins are created from the manufactured carbohy-
drates when N supplies are sufficient and growth circumstances are favourable.

Less glucose is deposited in the vegetative section, which causes more proto-
plasm to develop. Because protoplasm is highly hydrated, this results in a more 
succulent plant. In plants, excessive succulence weakens the plant, and lodging may 
happen in grain crops. In certain circumstances, leafy vegetables extreme succu-
lence makes them more susceptible to illness and insects. In vegetables like beet 
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leaves, palak, Amaranthus and other leafy vegetables, excessive succulence 
enhances susceptibility to diseases and insects. On the other hand, adequate amounts 
of N in cucurbitaceous and cruciferous vegetables promotes the fruit and curd qual-
ity. Changing environmental factors like inadequate and untimely rainfall, severe 
drought may reduce the utilization efficiencies of added nitrogenous fertilizers.

4.6  Visual Deficiency Symptoms of N

Vegetables will show obvious signs of nitrogen deficit if the soil is lacking in it or if 
the plants cannot access it. Since they have an impact on the entire plant, nitrogen 
deficits are rather simple to spot: older leaves in the Brassica family (the cabbage 
family) frequently take on a red, orange, or purple hue.

Yellowish leaves are a sign of N deficiency in plants. Chlorosis, a sign of N insuf-
ficiency, is produced when older leaves lose protein N from their chloroplasts. When 
there is a significant N shortage, lower leaves become brown and eventually die 
while the higher leaves stay green. Chlorosis first manifests on the lower leaves. 
When the entire leaf is dead, the necrosis spread from the leaf tip to the midrib. The 
mobility of N in the plant is indicated by the tendency of the younger growth to stay 
green when the lower leaves turn yellow or die. The mobility of N in the plant is 
indicated by the tendency of the newer growth to stay green when the lower leaves 
turn yellow or die. Vegetables, with particular reference to cole crops like cabbage, 
cauliflower and broccoli, inadequate nitrogen may lead to lower curd/head size, 
nitrogen induced molybdenum deficiency.

4.7  Phosphorus (P)

Numerous physiological processes in plants involve phosphorus. In plants, phos-
phorus is referred to as the “energy currency” since it is involved in energy transfer 
and storage. Within plants, ADP and ATP serve as a form of currency. Numerous 
physiological processes in plants involve phosphorus. In plants, phosphorus is 
referred to as the “energy currency” since it is involved in energy transfer and stor-
age. Within plants, ADP and ATP serve as a form of currency. P is a crucial compo-
nent of ribonucleic acid and deoxyribonucleic acid (DNA) (RNA). Increased root 
growth is related to enough P. It is necessary to boost the strength of cereal straw 
and the ability of leguminous crops to fix nitrogen. Adequate P is associated with 
increases root growth in carrot, beets, turnip etc. Adequate content of P enhances the 
strength of stems in vegetable crops and boosts the N-fixing capacity of leguminous 
vegetables like faba bean and cowpea.

4 Nutritional Stress Management in Vegetable Crops Under Changing Climate Scenario



92

4.8  Visual Deficiency Symptoms of P

The plant will generally become shorter overall, and the colour of the leaves will 
darken. The prominent foliar symptoms that are visible with N or K deficit are not 
frequently detected because of the influence of P deficiency on slowing overall 
growth. The dark green tint shifts to a greying-green to bluish-green metallic sheen 
as the P shortage increases.

In some crops, like sugar beet, young seedlings have dark green leaves that even-
tually turn into older leaves with brown, netted veining as the plant matures. In 
maize and other grasses, purple leaf colouring is frequently correlated with P short-
age. P is translocated from ageing to growing tissues in plants and is mobile. As a 
result, early growth stage reactions to P are typical. P moves to fruit and seeds dur-
ing the reproductive stage.

4.9  Potassium (K)

In plant cells, potassium plays a role that is notably related to solution ionic strength. 
K’s great mobility in plants is due to its involvement in charge balance, water rela-
tions, and osmotic pressure inside cells and across membranes. K is significant in 
many crop quality parameters due to its role in the synthesis and transportation of 
photosynthates to reproductive and storage organs in plants and their subsequent 
transformation into carbs, oils, lipids, protein and other products. A sufficient K 
level improves fruit size, colour, flavour, and peel thickness in vegetables, all of 
which are crucial for storage and shipping quality. Plants need K for the photosyn-
thetic conversion of solar energy into chemical energy through synthesis of ATP. In 
vegetables, an adequate level of K significantly improves fruit size, colour, taste and 
peel thickness, which is highly crucial for storage and shipping quality.

4.10  Visual Deficiency Symptoms of K

K is mobile in plants, therefore symptoms of a visual deficiency usually first appear 
in older or lower leaves, similar to what happens with N or P, and proceed to the 
upper leaves as the severity of the deficit rises. Young leaves of high-yielding, 
quickly growing crops can also have a K shortage. Indicators of a K deficit brought 
on by dry conditions include chlorosis at the leaf tips and eventually the entire leaf.

The severity of crop losses caused by fungal and bacterial diseases; mites and 
insect infestation and nematode and viral infection can all be exacerbated by K 
stress. Weakened straw is another sign of a K deficit, which causes crops to lodge. 
K insufficiency manifests in citrus fruits and vegetables as decreased size, reduced 
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size, decreased peel or skin thickness, increased skin breaking, and skin discoloura-
tion. Lack of K also results in poor shelf-life and storage properties.

4.11  Calcium (Ca)

Ca’s coordination ability, which it uses to create stable but reversible intermolecular 
connections, primarily in cell walls and in the plasma membrane, is correlated with 
its activity. Even at high concentrations, calcium is a non-toxic mineral nutrient and 
is particularly good at detoxifying large amounts of other mineral elements in 
plants. The metal component of the metalloenzyme amylase is calcium. The main 
cation in the middle lamella of cell walls is calcium, and calcium pectate is its main 
component. Calcium therefore gives tissues mechanical strength while promoting 
cell division, plant growth, protein synthesis, glucose transport, and acid-base bal-
ance in cells.

Indian soils are abundant in calcium and hardly ever display any visual signs of 
a calcium deficit. A decrease in meristematic tissue is a sign of a Ca deficiency. The 
youngest leaves and developing tips are first affected by deficiency, and as the con-
dition progresses, the leaf margins begin to necrotize. Apple discolouration is one 
sign of a Ca deficit in the fruit. The bitter apple pit is a common sign of a deficit. The 
typical Ca deficiency symptom in tomato is blossom end rot (BER). Calcium defi-
ciency in vegetable crops also induces the deficiency of boron as their functions are 
inter-related.

4.12  Magnesium (Mg)

Magnesium is a crucial component of plant chlorophyll. Additionally, magnesium 
is the most frequent activator of enzymes involved in energy metabolism. The 
mobility of Mg2+ inside cells and its ability to interact with ligands through ionic 
bonding are both important for its roles in plants. The modulation of cellular pH and 
the cation-anion balance accounts for a large fraction of the total Mg2+ ions. By 
removing calcium from the functional groups, it can occasionally prevent magne-
sium from having its activating effect.

4.13  Visual Deficiency Symptoms of Mg

Plants growing in acidic soils with a coarse texture frequently have magnesium 
deficiencies. Many fruits and vegetables have leaves with chlorotic interveinal pat-
terns. While leaf veins are still green, lower leaves with a magnesium shortage first 
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turn a golden bronze or reddish colour. Plants have a reduced ability to absorb Ca 
and Mg in very acidic soils.

4.14  Sulphur (S)

Sulphur is found in igneous and sedimentary rocks as sulphides. Sulphur can also 
be found in seawater, industrial waste, organic molecules in soil, and gaseous emis-
sions in the environment. Sulphur shortage typically affects old, heavily weathered 
land surfaces, soils that have been heavily leached, and soils that are far from the sea 
and industrial areas. The production of vitamins requires sulphur. Three amino 
acids that are present in both plants and animals must be produced in order to sur-
vive. The majority of the sulphur found in plant tissues is incorporated into proteins.

4.15  Visual Deficiency Symptoms of S

Protein synthesis is inhibited by a sulphur shortage. It might be challenging to dis-
cern between sulphur and nitrogen deficiency in field crops. A common sign of S 
shortage in wheat is yellowing of the leaves. Tomato plants have restricted develop-
ment and are smaller and paler in colour. S-deficiency is typically characterised by 
mottled yellow-green leaves with yellowish veins in younger leaves.

4.16  Iron (Fe)

The porphyrin molecules cytochromes, hemes, haematin, ferrichrome, and leghae-
moglobin all contain iron as a structural component. These elements participate in 
the oxidation-reduction processes that occur during respiration and photosynthesis. 
Almost 90% of the Fe in leaves is found in lipoprotein of the chloroplast and in 
membranes of mitochondria, and up to 75% of the Fe in cells is linked to the chlo-
roplasts. Ferrodoxin, a Fe-S protein, serves as an electron acceptor in photosyn-
thetic reduction processes where Fe-containing cytochromes in chloroplasts are 
involved. Ferrodoxins are the first stable component of the photosynthetic electron 
transport chain. Fe compounds frequently perform the respiration-related O2 to H2O 
reduction. Fe is a component of nitrogenase, an enzyme used by N-fixing bacteria 
to fix N2. Additionally, Fe could be able to partially replace the molybdenum (Mo) 
necessary for the nitrate reductase activity in soybeans.
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4.17  Visual Deficiency Symptoms of Fe

The Fe sufficiency range in plant tissue is from 50 to 250 ppm. Generally speaking, 
deficiency is likely to happen when tissue Fe level is less than 50 ppm. Since Fe is 
not mobile in the plant, its deficiency symptoms typically manifest in young leaves. 
Young leaves first develop interveinal chlorosis, which quickly spreads to the entire 
leaf. In extreme circumstances, leaves become completely dead and white. Fe poi-
soning can be seen in specific situations. For instance, when rice leaves contain 
more than 300  ppm Fe, leaf bronzing symptoms manifest themselves in poorly 
drained or buried soils.

Mn2+ and organically complexed, low-molecular-weight Mn are absorbed by 
plants. Plants normally have 20–500 ppm of manganese, but Mn-deficient plants 
only have 15–20 ppm. Prior to being absorbed by plant roots, Mn must first be con-
verted to Mn2+. Photosynthesis reactions, enzyme activation, and root growth all 
depend on Mn. Several electron transport processes also involve Mn. Similar to Cu, 
Mn activates many enzymes which produce many essential amino acids and phe-
nols for the synthesis of lignin. These substances are used to create lignin as well as 
phenolic acids and alcohols that protect against pathogen infection.

4.18  Visual Deficiency Symptoms of Mn

Because of its crucial function in photosynthesis, Mn deficient plants have much 
slower root and shoot development rates. N and P build up as a result, which raises 
the risk of root and leaf illnesses. A lack of Mn also limits the production of lignin 
and phenolic acids, which both contribute to the development of illnesses. Disease 
in Mn-deficient plants can be brought on by soil fungi that normally do not affect 
plant roots. Grasses having low Mn are more frequently prone to diseases like root 
rot. Since Mn is stationary in the plant, the deficiency symptoms are first visible on 
the younger leaves. In most crops, interveinal chlorosis results from a Mn deficit. 
Younger leaf chlorosis caused by low Mn in some crops can be mistaken for Fe 
insufficiency. Such phrases as grey speck of oat, marsh spot of pea, and speckled 
yellows of sugar beet have been used to denote Mn deficit in a variety of crops.

4.19  Zinc (Zn)

Plant accessible Zn is primarily controlled by the solubility of Zn minerals in soil, 
soil organic matter, and Zn adsorbed on clay and organic matter soil surfaces. Zn is 
absorbed by plant roots both as a cation and in synthetic and organic complexes. Zn 
is involved in a variety of enzymatic processes; however, it is unclear whether it 
serves as a cofactor that is functional, structural, or regulatory. Tryptophane, a 
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substance found in certain proteins and is necessary for the synthesis of growth 
promoting hormones (auxins) such indole acetic acid (IAA), is synthesised with the 
help of zinc. Plants lacking in zinc produce fewer growth hormones, which results 
in shorter internodes and smaller-than-average leaves. Additionally, the creation of 
chlorophyll, enzyme activation, and cell membrane integrity all depend on zinc.

4.20  Visual Deficiency Symptoms of Zn

Zinc shortage is noticeable visually in the leaves, but it can also affect overall plant 
growth including fruit or storage organs. The typical symptoms of its deficiency are 
light green, yellow, or white patches in between the leaf veins which are especially 
found in older leaves. Bushy, rosetted leaves on account of shortened stem or stalk 
internodes, is another symptom of Zn deficiency. A distinctive rosetting or clusters 
of little leaves at the top of the stem in plants indicate a zinc shortage. Rosetting is 
a common occurrence on citrus and fruit trees. Zinc is sensitive to corn, cotton, 
potatoes, and other vegetable crops. Lack of zinc inhibits tillering and causes midrib 
chlorosis near the base of new leaves. Brown patches or yellow-orange leaf tips 
gradually develop in older leaves that eventually spread to the entire leaf.

4.21  Copper (Cu)

Cu is taken up by plants as cuprous (Cu2+) and as a constituent of either natural or 
artificial chemical complexes. The concentration of copper in plant tissue typical 
ranges from 5 to 20 ppm. Copper may participate in a variety of oxidation-reduction 
reactions in the plant thanks to how easily it can collect and donate electrons. 
Copper is necessary for the transmission of electrons involved in photosynthesis 
and respiration. Although Fe and Mn are also involved in the transport of electrons, 
they cannot take the place of Cu. The primary energy source for the formation of 
proteins, lipids, cell wall membranes, and active food uptake is adenosine triphos-
phate (ATP), which is produced via electron transport processes involved in photo-
synthesis and respiration. Lignin is a component of cell walls that adds stiffness and 
strength, which is necessary for plants to stand upright. Several enzymes necessary 
for the formation of lignin, including polyphenol oxidase and diamine oxidase, con-
tain copper. Deformed leaves and stems from a copper shortage enhance the likeli-
hood of lodging. Lignin helps plants naturally resist illnesses. Plants lacking in 
copper are more prone to illness.
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4.22  Visual Deficiency Symptoms of Cu

Cu deficiencies do happen in sensitive crops cultivated on low Cu-soils, albeit being 
less common than other micronutrient deficiencies. Because of the activity of the 
Cu-containing enzymes in the chloroplasts, chlorosis of younger leaves is a com-
mon indication pertaining to Cu shortage, however the symptoms vary depending 
on the crop. Young leaves of maize and small grains begin yellowing and become 
dwarf; and as the shortage worsen, younger leaves turn pale and older mature leaves 
begin to wither. Cu deficient plants can have stem melanosis, take-all root rot, and 
ergot infection, ultimately resulting in smaller grains or fruits. The leaves of numer-
ous vegetable crops lack turgor, take on a bluish tinge, get chlorotic, and cur, and 
flower formation is unsuccessful. Reduced lignifications with low copper levels in 
vegetable crops are known to cause lodging, wilting, and an increase in disease 
incidence.

4.23  Boron (B)

B is not required by animals, fungi, or microbes, while being necessary for higher 
plants and some types of algae. B plays a major role in maintaining the structural 
integrity of plant cell walls. In order for cells to expand, regulate H+ transport, 
retain cellular Ca2+, and control the generation of lignin after cell growth, B pro-
vides cross connections between the polysaccharides that make up the cell wall. 
Because boron connections are adaptable, cell wall growth is possible. Normal cell 
wall growth is hampered by a B shortage. Among the dicots and monocots, the 
grasses are less reliant on B for cell wall construction, it nevertheless plays a signifi-
cant role, however, these roles are different. When pollen tubes are growing, which 
is necessary for seed formation, cell wall stability is particularly crucial. B is neces-
sary for the delivery of photosynthates (sugars) to meristematic (growing) tissues 
that are quickly developing, like root tips, leaves, buds and conductive tissues. 
Boron is also important in the regular transportation of water, nutrients, and organic 
substances to the plants’ new development organs. A sufficient B level promotes the 
growth of seeds and fruits as well as flower creation and retention.

4.24  Visual Deficiency Symptoms of B

In areas that are actively expanding, boron shortage frequently manifests as a struc-
tural malformation. B deficiency has a greater impact on reproductive growth than 
on vegetative growth. A sufficient B level boosts floral formation, retention, seed, 
and fruit development. Since B cannot easily go from older to actively expanding 
tissues, the first sign of a visible shortage is the cessation of growth of terminal 
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buds, which is then accompanied by the senescence of the young leaves. The young-
est leaves of plants with a B deficiency turn a pale green tint, losing more pigment 
at the base than the tip. If growth persists, the basal tissues disintegrate, giving 
leaves a twisted appearance. A swollen, cracked, or water-soaked petioles and 
stems, as well as discolouration, cracking or decaying of fruit, tubers, or roots, are 
common manifestations of B deficient symptoms. B insufficiency is the root cause 
of apple internal cork. Citrus fruits with low B levels include inconsistent peel 
thickness, lumpy fruit and sticky deposition inside the fruit.

The symptoms of micronutrient deficiencies can be brought on by a variety of 
biotic and abiotic sources. Because the oxygen-depleted waterlogged soils are 
anoxic, plants growing in them frequently produce tiny, yellow leaves and have 
dieback signs that are similar to those of iron deficiency. Instead of applying micro-
nutrients under these circumstances, good irrigation management would produce 
more beneficial outcomes. When there is a drought, plants become stunted and their 
leaf margins may burn, especially in the summer. The same symptoms result from 
having too much or too little of certain substances. Foliage yellowing brought on by 
root infections can resemble nutritional shortages. Some herbicides, when misused, 
can cause symptoms that are similar to those of iron or zinc deficiency. When the 
underlying reason cannot be determined, micronutrient deficiencies are frequently 
held responsible. In order to properly identify micronutrient deficiency symptoms 
in vegetable crops, one should have the necessary understanding of damage caused 
by insect infestation, symptoms of disease, herbicide injury, moisture stress condi-
tions, etc. when diagnosing micronutrient deficiency symptoms. The following 
micronutrient statuses of soils and vegetable crops can be monitored via soil tests 
and plant analyses.

Micronutrient availability is influenced by soil pH, texture, and organic matter 
content. Due to the mineralization of organic matter, mineral soils with high organic 
matter may have an adequate supply of micronutrients. However, availability of B, 
Cu, Fe, Mn, and Zn often declines with an increase in soil pH, although Mo avail-
ability increases with an increase in pH. For growing vegetables, soil pH should be 
between 6.5 and 7.0. Vegetable production is not at all acceptable for soil pH levels 
below 5.5. The majority of Mn and Fe deficiency occurrences develop in mineral 
soils with pH levels higher than 7.5.

Soil testing is crucial for developing a sound vegetable production programme 
based on soil fertility. To promote wise micronutrient recommendations, soil testing 
is required. The interpretation of soil testing is based on the soil samples. As a 
result, it’s crucial that the soil samples are carefully taken. After clearing the surface 
litter, each sampled field should have 15–20 sites where a uniform core of a thin 
slice of soil from the surface to plough depth (15–22 cm) can be obtained. Before 
conducting a chemical analysis, a little amount of soil should be sampled and air 
dried on a plastic sheet.

B. Saha et al.



99

4.25  Fertilizer Nutrient Management for Enhancing 
Productivity and Nutrient Use Efficiency

The primary elements of integrated nutrient management are fertilizer, organic 
manures, agricultural residues, industrial by-products, and biofertilizers (INM). 
There is a dearth of comprehensive databases on topics besides fertilizers, which 
must be generated.

4.26  Components Used for Enhancing Fertilizer 
Use Efficiency

4.26.1  Chemical Fertilizers

The most significant INM component is fertiliser. Because extensive farming 
requires supplying significant amounts of nutrients, our reliance on fertiliser has 
been steadily growing. However, fertiliser consumption is both insufficient and seri-
ously out of balance. Improper application of fertiliser, especially major nutrients 
(N, P, and K) and occasionally S-based fertilisers for greater crop productivity, 
when micronutrients are frequently disregarded. Only around 30–40% of the applied 
fertiliser nutrients are actually used by the crops; the remainder is lost via a variety 
of processes, including leaching, surface runoff, volatilization, denitrification, soil 
erosion, and fixation in the soil. As a result, every effort should be made to improve 
fertiliser use efficiency.

Farmyard manure (FYM), composts, and other organic manures have histori-
cally been crucial inputs for preserving soil fertility and assuring yield stability. Due 
to the poor nutritional content, bulky nature, and limited availability of these nutri-
ent sources, they gradually lost importance in crop production in favour of easily 
accessible chemical fertilisers. However, the rising price of fertilisers and their finite 
supply forced plant nutrition to be found in alternative and renewable sources, 
which greatly stoked interest in organic recycling. In India, the enormous potential 
of both rural and urban compost is underutilised. Less than half of livestock’s manu-
rial potential is now untapped since a significant amount is lost as fuel and waste in 
non-agricultural areas. A sizeable fraction of the nutrients required for agricultural 
production are lost due to inappropriate handling, storage, and assimilation in soil. 
Other potential organic nutrition sources include food processing waste, press mud, 
non-edible oil cakes, and urban compost.

Macro and macronutrients are directly provided by organic manures, and the 
soils’ physical, chemical, and biological qualities are improved indirectly. Apart 
from providing nutrients to the existing crop, these manures also have a significant 
long-term impact on the system’s subsequent crops. Numerous studies have found 
that FYM can partially replace the fertiliser N requirements of monsoon crops with-
out having an unfavourable effect on the overall productivity of cereal-based 
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cropping systems. Furthermore, it was discovered that in some areas, by substitut-
ing 25% of the N requirements of the preceding monsoon crop through FYM, the 
winter wheat’s fertiliser requirements might be decreased by up to 25%. The pro-
ductivity gained with the combined application of chemical fertilisers and FYM was 
significantly higher than that obtained with fertilizer alone. Nutrient composition of 
some important organic sources/manures is listed in Table 4.3.

4.27  Inclusion of Legumes in the Cropping System

The symbiotic interaction between rhizobium and legumes is crucial for agriculture. 
Certain Rhizobia can infect plant roots and cause nodules to develop there. The 
ambient nitrogen is converted to ammonia in these nodules. L-ketoglutamic acid is 
next produced from the ammonia, and eventually glutamic acid is produced. The 
Rhizobium species and the legume species do, however, have a particular relation-
ship. There are 20 different species of Rhizobium, which may be relevant to mention 
at this point. Legumes can make a significant contribution to INM when grown as a 
green manuring crop or as fodder in a cropping system. Mann and Garrity 1994 
reported that legumes increased productivity and restored soil fertility in rice-wheat 
system. As much as 50–60 kg N ha may be made accessible, according to an evalu-
ation of several leguminous crops for partially covering the N needs of the next 
crop. There may be a carryover of N for the subsequent cereal crop to the extent of 
75 kg in Indian clover, 35–60 kg in fodder cowpea, 55 kg in black gram, 60 kg in 
peanut, 68 kg in Bengal gram, and 50 kg in lathyrus. When a legume was the prior 
crop as opposed to a cereal, the subsequent crop’s grain output increased signifi-
cantly. In general, pulse crops do leave 30–50 kg of leftover N per ha for the next 
crop to use. By providing the right species of Rhizobia to legume crops, this benefit 
could be increased. Legumes undoubtedly play a significant role in the residual 
fertility build-up that occurs in a nation where the average national consumption of 
plant nutrients from chemical fertilisers is quite low. This contribution must be fully 
utilised. The plants themselves use the majority of the nitrogen fixed by the nodules. 
Four significant N2-fixing connections, including the cyanobacterial lichen symbio-
sis with Rhizobium-leguminous plants, Frankia-actinorhizal plants, Anabaena- 
Azolla symbiosis, and Rhizobium-leguminous plants, have been thoroughly 
researched. Because of these symbiotic relationships, plants can typically flourish in 
soils that are deficient in nitrogen (Saha et al. 2017).

4.28  Legumes as Green Manures

Green manuring was regarded as essential for increasing agricultural output in the 
pre-Green Revolution era. However, with the more widespread use of intensive 
cropping systems and the easier availability of fertilisers, the practise of green 
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Table 4.3 Major nutrient contents in some manures

Material N P2O5 K2O

Bulky organic manures
Farmyard manure 0.5 0.3 0.5
Compost (urban) 1.0 0.5 1.5
Compost (rural) 0.5 0.5 1.0
Cow dung 1.5 0.5 0.5
Cow dung slurry from biogas plant 1.8 1.0 1.0
Horse dung 2.5 1.5 1.5
Sheep and goat dung 3.0 1.0 2.0
Buffalo dung 1.5 1.0 1.0
Pig dung 3.0 2.5 2.0
Camel dung 1.3 0.5 0.5
Poultry litter 3.0 2.5 1.5
Night soil 5.0 3.0 2.0
Sludge (activated) 2.5 2.0 0.5
Tea leaves (wastes) 3.0 0.3 1.0
Water hyacinth 2.0 1.0 2.0
Green manure 0.7 0.2 0.6
Concentrated organic manures non-edible oil cakes
Castor cake 5.5 2.0 1.5
Cotton seed cake (undecorticated) 4.0 2.0 1.5
Mahua (ippi) cake 2.5 1.0 1.5
Karanj (honge) cake 4.0 1.0 1.0
Neem cake 5.0 1.0 1.5
Safflower cake 5.0 1.5 1.0
Undi cake 3.5 1.5 2.0
Edible cakes
Groundnut cake 7.0 1.5 1.5
Cottonseed cake (decorticated) 6.0 3.0 2.0
Linseed cake 5.0 1.5 1.0
Mustard cake 4.5 1.5 1.0
Niger cake 4.5 2.0 1.0
Rapeseed cake 5.0 2.0 1.0
Safflower cake (decorticated) 8.0 2.0 2.0
Sesame (til) cake 6.0 2.0 1.0
Meals from animal wastes
Bone meal 3.0 20.0 –
Meat meal 10.5 2.5 0.5
Blood meal 10.0 1.5 1.0
Fish meal 7.0 6.0 1.0

Source: Biswas and Mukherjee (2008)
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manure farming was all but abandoned. There has been a resurgence of interest in 
green manuring in recent years due to signs of productivity decline brought on by 
the widespread use of just chemical fertilisers 30 (NPK). Due to atmospheric 
N-fixation, green manuring with legumes enriches the soil N content. The soil’s 
micronutrients, N, P, and K all become soluble on decomposition of green manure. 
It also lessens the gaseous and leaching losses of nitrogen. Additionally, green 
manures enhance the soil physical, chemical and biological characteristics. The two 
most significant green manure crops are sun hemp (Crotolaria juncea) and Dhaincha 
(Sesbania aculeata) however, cluster bean, berseem, Indian clover, etc. are also 
infrequently utilised.

4.29  Crop Residues

The available crop residues in various regions of the nation and the technologies 
that can be used to utilise such residues influence the possible uses of crop residues. 
Crop wastes have historically been used for a variety of competing purposes, includ-
ing livestock feed, fodder, fuel, roof thatching, packaging, and composting. Cereal 
crop leftovers are mostly used as cow fodder. Straw and husk from paddy are some-
times used as boiler fuel and for heating homes. Crop residues are either used by 
farmers directly or sold to middlemen or landless people who then sell them to 
industry. The residual waste is either burned on-site or left unused.

A significant quantity of rice crop residue is burned on farms in places like 
Punjab and Haryana when it is not used as animal feed (Saha et al. 2019). In the 
majority of the country, sugarcane tops are either burned on-farm to grow a ratoon 
crop or utilised as feed for dairy cows. Groundnut leftovers are used as fuel in lime 
and brick kilns. Cotton, chilli, pulse, and oilseed crop leftovers are primarily used 
as fuel for domestic purposes. Domestic fuel is made from coconut shells, rapeseed 
and mustard stalks, pigeon pea, jute, mesta, and sunflower. Because of the multiple 
nutrient movements in an agricultural system, adding crop waste helps maintain the 
balance of nutrients in the soil.

Although there is a huge potential for crop residues in India, many crop wastes 
with feed value are required to support a large animal population and may not be 
available as an element in INM. However, where mechanical harvesting is used, as 
in north-west India, a sizeable amount of crop residues are left in the field, which 
might serve as a potential nutrient source. There are a lot of leftovers from crops 
such as potatoes, sugarcane, vegetables, etc., which are ultimately squandered.

Even though cereal crop wastes provide excellent bovine fodder, they can be 
used to complement chemical fertilisers in areas where their supply exceeds local 
demand and there is no accessible market. Even with conventional harvesting tech-
niques, the amount of stubbles left in the field varies by crop and ranges from 0.5 to 
1.5 t ha−1. This amount is significantly more when harvesting is done mechanically. 
During land preparation, it is typical to collect and burn the tough-to-decompose 
residue from coarse grains like sorghum, maize, pearl millet, etc., which results in a 
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large loss of plant nutrients. It is necessary to develop suitable management tech-
niques to utilise these stubbles, either by adding cellulose-decomposing microbial 
cultures or providing a portion of the chemical N required for the next crop during 
land preparation (Singh et al. 2009).

4.30  Bio-fertilizers

Microbial inoculants, often known as bio-fertilizers, are substances that contain 
microorganisms that are helpful to agriculture. The most popular bio-fertilizer is 
Rhizobium, which colonises the roots of some legumes to produce root nodules. 
These nodules serve as ammonia manufacturing plants. In a single crop season, the 
N can be fixed up to100–300 kg/ha by a Rhizobium-legume association, and in some 
cases, leaves significant N for the crop that follows. More than 80% of the N needs 
of the leguminous crop can be satisfied by this symbiosis. Azotobacter is a different 
type of free-living N-fixing bacteria. The mechanisms by which the plants inocu-
lated with Azotobacter gain advantages in terms of increased grain yield and N 
uptake include the formation and branching of roots, synthesis of plant growth hor-
mones, improvement in uptake of NO3, NH4, H2PO4, K and Fe, improved water 
status of the plants, increased nitrate-reductase activity, and formation of anti- fungal 
compounds.

In 342 out of 411 on-farm trials conducted under the AICRP-CS, considerable 
response to Azotobacter inoculation in irrigated wheat was noted (Hegde and 
Dwivedi 1994). Azospirillum being associative symbiotic bacteria fixes N in loose 
association with plants by colonising the root mass. Azotobacter has been reported 
to fix on an average 20–25 kg N/ha. With an average response similar to 15–20 kg/
ha of applied N, it has demonstrated favourable interaction with applied nitrogen in 
a number of field crops.

P-solubilizing bacteria (PSB) and fungal strains have been discovered in recent 
years. Increased dissolution of insoluble and sparingly soluble soil P has been 
observed following inoculation with P-solubilizing microbial cultures. About 
30–35  kg P2O5/ha might be added if the microbial cultures and low-grade rock 
phosphate were used together. Pseudomonas striata soil inoculation increased 
wheat grain output while also having a lasting effect on subsequent crops of maize 
in Delhi’s alluvial soil (Hegde and Dwivedi 1993).

4.31  Industrial By-Products and Municipal Wastes

There are other additional organic sources with good nutritious potential. To deter-
mine their fertiliser equivalents, these nutrient transporters have not yet undergone 
a thorough evaluation. These sources must be integrated based on their availability 
in suitable crops and cropping systems. The waste from various food processing 
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sectors, as well as by-products from companies such spent-wash from distilleries, 
molasses, pressmud, etc., have good manorial value. Sulphitation pressmud (SPM) 
has positive effects on soil characteristics as well as a significant capacity to deliver 
nutrients. In the past three decades, SPM has grown significantly in significance as 
a nutrient supplement in intensive cropping systems of sugarcane-ratoon-wheat and 
other crops in regions where sugarcane is predominated. The other significant nutri-
ent sources that can be combined with fertiliser inputs are municipal solid wastes 
(MSW) and sewage sludge, however these must be utilised with caution due to the 
risk of pathogens and heavy metal load.

4.32  Enhancing Crop Nutrient Use Efficiency

The following may be regarded as the most significant of the several factors that 
affect fertilizer consumption and, consequently, how well crops respond to 
fertilizers.

 A. Crop characteristics

 i. Kind of plant and root system
 ii. Plant population
 iii. Varieties
 iv. Crop rotation and crop residues

 B. Soil characteristics

 i. Soil nutrient status
 ii. Soil reaction
 iii. Soil moisture
 iv. Soil temperature
 v. Physical condition of the soil
 vi. Soil chemical properties
 vii. Effect of soil amendments

 C. Fertilizer characteristics and fertilizer manipulations

 i. Type of fertilizer
 ii. Time of fertilizer application
 iii. Method of fertilizer application
 iv. Use of nitrification inhibitors
 v. Use of chelating substances
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4.33  Crop Characteristics

Because of a variety of factors, including yield level, which directly affects the 
amount of nutrients removed by various crops, the responses to fertiliser application 
can vary greatly from crop to crop. The information provided in the preceding chap-
ters makes this point quite evident. Although the ability of different crops to absorb 
nutrients is a good indicator of how they will react to fertilisers, the root properties 
of various plant species can frequently alter how they will react to various fertilisers. 
For instance, the rate and scope of root system growth varied significantly among 
various plant species.

4.34  Soil Characteristics

The soil’s chemical makeup in relation to the plant nutrients available directly 
affects how crops react to fertiliser application. It has been demonstrated that the 
amount of exchangeable potash in the soil is inversely correlated with the size of the 
reaction to added potash. It has been demonstrated through potash tests that as the 
amount of exchangeable potash in the soil increases, less potash is needed to pro-
vide the highest yield. In the case of other nutrients, a similar relationship also 
applies. According to the soil testing values obtained, soils are classified as having 
“low,” “medium,” or “high” levels of plant nutrients, and the use of appropriate 
fertiliser is advised. Crops on soils with low phosphorus content should respond 
quickly to phosphate application. If the rating is high, there may be little to no reac-
tion to phosphorus fertilizer application however, if the rating is medium, then 
response is likely. A soil’s fertiliser requirements can be calculated on the basis of 
results obtained from the soil test in order to produce the desired yields. In general, 
pot cultures produce greater correlations than outdoor settings. This is due to the 
fact that there are numerous combinations of environmental and managerial factors 
that affect crop development and yield in field circumstances. In addition to enhanc-
ing the effectiveness and economy of fertiliser application, soil testing is useful in 
identifying the areas that respond to various plant nutrients and in designing the 
fertilisers that should be applied there.

Due to diverse variations in the parent material or kind of weathering, soils can 
have significantly different chemical compositions. For instance, because sandy 
soils are typically formed from grains that lack potassium, they are typically poor in 
potassium. On such soils, fertilisation with potash is likely to have a positive reac-
tion. On the other hand, potassium aluminium feldspars, which are abundant in 
potassium, are typically the source of clay soils. The majority of the literature on the 
connection between soil-water use and fertiliser use has focused on how fertilisers 
might encourage the wise use of water. The reaction of a crop to fertiliser applica-
tion and the ongoing availability of soil moisture have been discovered to be closely 
related. The application of fertilizer under these circumstances may even negatively 
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influence the yield since higher early vigorous growth may cause the scarce water 
supply to be consumed more quickly, if soil moisture becomes a limiting factor at 
any point throughout a crop’s growth.

4.35  Fertilizer Characteristics and Fertilizer Manipulations

 (i) Fertilizer types: Different fertilisers may be distinct from one another in vari-
ous ways. They could differ in terms of the amount or type of nutrients they 
contain. Thus, nutrients can be provided in the forms of nitrate, ammonium or 
amide in case of nitrogenous fertilisers. Similar to this, phosphorus in phos-
phatic fertilisers can either be water-soluble, citrate-soluble, or citrate- 
insoluble. Additionally, the fertilisers can differ substantially in terms of 
analysis. Because of this, a single superphosphate will only provide 16% P.O., 
whereas a triple superphosphate will provide 3x as much. The water solubility 
of the fertilizers as well as their ability to become fixed in the soil or revert 
back into insoluble forms may also vary, causing them to move very little after 
being added to the soil. The nitrate and amide fertilizers, which are susceptible 
to leaching during heavy rains, are among the first group of fertilizers with a 
high water solubility. Phosphatic fertilizers fall in the second group and they do 
not move in the soil at all and, therefore, special care has to be taken in their 
case so that they could be available the roots of the crop plants. Fertilizers may 
also affect the salt concentration of the soil solution. The salt index of a fertil-
izer is a measure of this phenomenon. Fertilizer salts differ greatly in their 
effect on the concentration of the soil solution because of the differences in 
their salt index.

 (ii) Time of fertilizer application: The time of fertilizer application has been 
found important only in the case of nitrogenous fertilizers which have a ten-
dency to leach with irrigation or rains. In the case of phosphatic and potassic 
fertilizers, application of entire quantity at the time of sowing has given the 
best results with most of the crops. The early vegetative stage and the panicle- 
initiation stage have been recognised as the most critical stage for nitrogen 
application in the case of rice. An adequate supply of nitrogen at the early 
vegetative stage should be ensured to encourage satisfactory plant develop-
ment and for the proper development of the grains, it is crucial to apply nitro-
gen at panicle initiation stage. Split applications of nitrogen to rice are more 
important in the case of light-textured soils where nitrogen application done 
during transplanting may get leached by the time the plant reaches the panicle- 
initiation stage. Thus, split applications may be helpful in augmenting the 
nitrogen supply of the plant during its reproductive phase. Similar responses to 
nitrogen application have been obtained in most of the rice-growing areas of 
the world. In many other crops also, the split application of nitrogen has been 
found to be superior over single dose. The split application of nitrogen has also 
been found to be more beneficial than the conventional method of applying the 
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entire quantity of fertilizer at the time of sowing in the case of hybrid maize. 
The general recommendation is 120 kg/ha which should be applied in three 
equal splits at sowing, at the knee-high stage and at the silking stage of the crop.

 (iii) Method of fertilizer application. The band/point placement of phosphate- 
containing fertilizers has been found to be beneficial almost universally. The 
response to phosphatic fertilizers has been reported to be much higher when 
the fertilizer was placed in a band 5 cm wide to the side and 5 cm below the 
seed than that from the broadcast fertilizer application.

4.36  Conclusion

The adverse impacts of climate change are already being felt across the world. 
Climate change is perceived to bring about significant changes in the soil processes 
particularly net nitrogen mineralisation and soil respiration. This in turn would exert 
profound influence on the availability of native nutrients in the soil and soil health. 
Vegetables constitute an important part of human diet and climate change can bring 
about nutritional stress in vegetable crops thus challenging food and nutritional 
security in an era when there is a rampant increase in population all over the world. 
Hence, there is a need for development of nutrient recommendation and application 
modules that are specific to vegetable crops which can help in counteracting the 
deleterious effects of nutrient stress on these crops as well as enhance the nutrient 
use efficiency of applied nutrients. It is high time when a sea-change in package of 
practices for vegetables production is required along with the adoption of natural 
methods of farming (inclusion of legumes, biofertilizers, crop residues, etc.) which 
has the ability to cope up with the changing climate scenario.
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Chapter 5
Impact of Climate Change on Leafy 
and Salad Vegetables Production

Menka Pathak, Satyaprakash Barik, Sunil Kumar Dash, 
and Durga Prasad Moharana

Abstract Due to their significant nutrient, vitamin, and mineral content, leafy veg-
etables are an essential part of the human diet. In addition to other vegetable crops, 
these are also being impacted by the effects of climate change, such as global warm-
ing, changes to the seasonal and monsoon patterns, and biotic and abiotic factors. 
Crop failures, low yields, declining quality, and an increase in pest and disease 
issues are frequent in climatically changing regions, making it unprofitable to grow 
leafy and salad vegetables. They will be significantly impacted because many physi-
ological processes and enzymatic activities depend on temperature. The two main 
effects of temperature rise that make vegetable cultivation more difficult are drought 
and salinity. Crop yields may increase as a result of increased CO2 fertilization, but 
this effect only lasts to a certain point. These effects of climate change also have an 
impact on the occurrence of pests and diseases, host-pathogen interactions, insect 
distribution and ecology, timing of appearance, migration to new locations, and 
their capacity for overwintering, which is a significant hindrance to the cultivation 
of leafy vegetables. Therefore, appropriate preventive measures must be taken as 
soon as possible to lessen the aforementioned challenges.
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vegetable · Lettuce

M. Pathak (*) · S. K. Dash 
Department of Vegetable Science, Odisha University of Agriculture and Technology, 
Bhubaneswar, Odisha, India 

S. Barik 
Department of Agriculture and Allied Sciences, C.V. Raman Global University,  
Bhubaneswar, Odisha, India 

D. P. Moharana 
Department of Horticulture, Institute of Agricultural Sciences, Banaras Hindu University, 
Varanasi, Uttar Pradesh, India

© The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2023
S. S. Solankey, M. Kumari (eds.), Advances in Research on Vegetable 
Production Under a Changing Climate Vol. 2, Advances in Olericulture, 
https://doi.org/10.1007/978-3-031-20840-9_5

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-20840-9_5&domain=pdf
https://doi.org/10.1007/978-3-031-20840-9_5


110

5.1  Introduction

Due to the alarming rate of increase in industrialization and deforestation, cata-
strophic changes have occurred in the global climatic conditions (Rakshit et  al. 
2009). The changes in climate refer to fluctuations in temperature, increases in soil 
salinity, water logging, increased CO2 content, and UV radiation. High temperature 
is the result of increased greenhouse gases such as carbon dioxide and methane. 
This rise in temperature leads to extreme weather conditions including droughts, 
heat waves, floods, or storms, changes in ocean currents, and hastens the rate of 
ozone depletion (Minaxi et al. 2011; Usman and Balsalobre-Lorente 2022; Murshed 
et al. 2022; Kumar 2012). An increase in temperature also leads to the melting of 
glaciers, ultimately leading torising sea levels causing flooding and an increased 
level of salinity in small Pacific states and low-lying countries. Agriculture in India 
mostly depends upon the climatic condition of a region. The Indira Gandhi Institute 
of Development Research has found that global warming may lead to a decline in 
India’s GDP by upto 9% (Priyadarshini and Abhilash 2019). Changes in climate 
raise the risk of particular food, water, and vector-borne diseases; a coronavirus 
pandemic is a visible example (Abbass et al. 2022). Increased rates of malnutrition, 
poor health, hunger, starvation, and food and water insecurity are all indirectly cor-
related with climate change. Thus, a solution is one suggestion to resolve global 
issues, and be taken into account that gives equal weight to human nutrition, health, 
(Sarker et al. 2022).

Leafy vegetables embedded with mineral matter, phytochemicals, and provita-
min must be in a substantial proportion for a balanced diet (Adenipekun and 
Oyetunji 2010). Dieticians recommend daily consumption of at least 116 g of leafy 
vegetables for a balanced diet. Leafy vegetables are also good sources of fibre, 
which helps in the functioning of the digestive system. Consuming plenty of leafy 
vegetables assists in protection against bowl cancer which is one of the most com-
mon cancers. There is a wide variation in the consumption of leafy vegetables in 
different parts of the world. Due to wide variation in the climate of the country, vari-
ous types of wild herbaceous/perennials are consumed by local people. In this chap-
ter, relationships between the production of leafy vegetables and environmental 
factors namely temperature, light, soil, and water have been discussed.

5.2  Importance of Leafy Vegetables and Salad Crops

Leafy vegetables serve as essential sources of protective foods (Nnamani et  al. 
2009). The bioactive compounds present in the leafy vegetables possess numerous 
antimicrobial and antioxidant properties (Kim et al. 2013) and are recommended for 
controlling and managing age-related ailments and oxidative strains (Gacch et al. 
2010). Leafy vegetables are rich sources of minerals (Fe, P, and Ca), vitamin C, 
Vitamin E, carotenoids, and flavonoids (Fasuyi 2006). Owing to the high 
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accumulation of photosynthates, a significant amount of Potassium can be availed 
in leafy vegetables as Potassium is directly involved in the photosynthesis process. 
Besides, leafy salad vegetables synthesize a number of secondary metabolites, 
which act as antimicrobial agents. They also possess antidiabetic (Kesari et  al. 
2005), antihistaminic (Yamamura et al. 1998), anticarcinogenic (Rajeshkumar et al. 
2002), and hypolipidemic (Khanna et al. 2002) properties.

Besides the major constituents of food (carbohydrate, protein, and fat) and 
micronutrients (minerals, vitamins, and trace elements), many health-promoting 
substances such as flavonoids, carotenoids, and other polyphenols, allylic sulfides, 
monoterpenes dietary fibers, phytosterols, and phenolic acids (Kris-Etherton et al. 
2002) are also present in the leafy vegetables. Gupta et al. (2005) found the leafy 
vegetables to possess some antinutritional compounds such as saponins having the 
potential to reduce diseases like high blood pressure, heart disease, stroke, and other 
cardio vascular diseases in human beings (Williamson et al. 1997). The fibre present 
in the leafy vegetables assists to reduce the intake of starchy food, constipation 
prevention, and reducing the incidence of metabolic diseases such as hypercholes-
terolemia and Diabetes mellitus. Leafy Vegetables as soup are reported to enhance 
fertility in females (Mensah et al. 2008). Also, growing these alternative vegetables 
will improve both human health and the income of farmers in poor nations. (Sarker 
et al. 2022).

5.3  Factors Responsible for Climate Change on Leafy 
and Salad Vegetable Production

5.3.1  Temperature

Temperature variation within seasons is a sign of global warming as a result of cli-
mate change (Solankey et al. 2021). Among climatic factors influencing vegetable 
production, the temperature is the most important component. Temperature influ-
ences the yield, quality, and shelf life of produce, seed production, bud and seed 
dormancy, viability and longevity of seed and the occurrence of insects-pests and 
diseases.

5.3.1.1  Effects of Temperature on Seed Germination

Optimum growth of most of vegetables occurs between 10 °C and 30 °C, but when 
the temperature goes above 30 °C or falls below 10 °C, a decrease in plant vigor and 
growth is observed, due to the discrepancy in the rate of metabolic pathways (Downs 
and Hellermers 1975). Seed germination in leafy vegetables like amaranthus is sig-
nificantly affected by temperature. The optimum temperature for germination in 
amaranthus is observed to be between 15  °C to 40  °C, while the optimum 
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temperature is 25 °C. However, when the temperature falls below 10 °C, no seed 
germination is observed (Tiryaki 2009). Hence, in cold areas, where the soil tem-
perature is the major hindrance, increasing the media temperature and the provision 
of dark conditions during sowing has been successful in enhancing the germination 
percentage in amaranthus (Aufhammer et al. 1998; Loonat et al. 2003). Similarly, in 
crops like lettuce exhibiting thermo-dormancy, high temperature (more than 30 °C) 
due to climate change has been a major challenge (Berrie 1966; Reynolds and 
Thompson 1971). Besides cool season leafy vegetables, tropical leafy vegetable 
such as drumstick (Moringa oleifera) is vastly affected by high temperature. 
20/30 °C temperature regime (TR) leads to a significant enhancement in germina-
tion rate as well as uniformity (Muhl et  al. 2011). However, as the temperature 
increases, a gradual decline can be observed in germination in drumsticks.

Germination and initial establishment of seedlings of Spinach (Spinacia olera-
cea L.) are highly susceptible to chilling and freezing injury, heat, and moisture 
stress (Ashraf and Foolad 2005). For optimal germination success, pericarp removal 
through mechanical means is recommended, however, when the temperature 
exceeds 25  °C, a significant reduction in germination percentage was observed 
(Atherton and Farooque 1983). The germination of seeds of spinach is found to be 
restricted when the temperature 35  °C (Leskovar et  al. 1999). In a germination 
study, carried out by Katzman et al. (2001) on spinach, the results showed that the 
maximum germination in spinach can be achieved at 18 °C.

5.3.1.2  Effect of Temperature on Growth and Development

The optimum temperature is that at which the photosynthetic rate is highest with 
normal respiration rate or which the net assimilation rate (NAR) and yield realiza-
tion are highest. During the daytime, the plants synthesize carbohydrates and simul-
taneously utilize in respiration. At high day temperatures, rate of respiration will be 
very high resulting in low net photosynthesis. Net photosynthesis refers to the 
amount of carbohydrates synthesized by the plant minus the amount of carbohy-
drates utilized in respiration in a specific period. Net photosynthesis, thus, deter-
mines the amount of carbohydrates available for growth of plant during the 
following night.

Warm season leafy vegetables like amaranthus requires a temperature in the 
range of 25–30 °C for the maximum accumulation of biomass (Khandaker et al. 
2010). Similarly, in intensive care requiring crops like lettuce both ambient tem-
perature as well as root zone temperature play key role in obtaining maximum leaf 
yield. An ambient temperature of 19–24  °C leads to the maximum plant growth 
(Lafta et al. 2017; Chen et al. 2021). However, low root zone temperature leads to 
the reduction of leaf area, fresh weight, stem size, and water content of lettuce 
(Sakamoto and Suzuki 2015). Yield and quality of lettuce are drastically affected by 
higher temperature due to abnormal acceleration in the elongation of lettuce stems 
(Zhao et al. 2003; Rader and Karlsson 2006). High temperature orchestrated stem 
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elongation leads to the formation of loose heads, ultimately becoming unmarketable 
(Jie and Kong 1998).

5.3.1.3  On Nutritional Properties of Leaves

Leafy vegetables are mostly consumed owing to their nutritional properties, which 
are significantly affected by fluctuating temperatures. The major pigment with high 
nutritional value in amaranthus is anthocyanin, especially betacyanin in the case of 
red amaranthus. The mean optimum temperature for the highest accumulation of 
betacyanin content has been recorded to be 28–29 °C (Khandaker et al. 2010). In the 
presence of high temperature, red coloration with enhanced color index can be 
achieved in red amaranth. Beta-carotene and lutein are among the most important 
pigments in vegetable crops broadly available in kale and spinach. Research shows 
the maximum accumulation of beta-carotene and lutein occurs at 30 °C and 10 °C 
for kale and spinach, respectively. Lutein and beta carotene concentration are posi-
tively associated with an increase in temperature for kale and negatively associated 
with increasing temperature in the case of spinach (Lefsrud et al. 2005). As evi-
denced by numerous researchers, spinach is one of the best sources of ascorbic acid, 
oxalic acid, and sugar. These compounds are also significantly affected by the tem-
perature regime of the growing environment. The low temperature of 5–10 °C dur-
ing growing conditions is found to be the optimum temperature for ascorbic acid, 
oxalic acid, and sugar accumulation in spinach leaves (Tamura 2004; Proietti et al. 
2009). Sugar and ascorbic acid content are found to increase rapidly when the mini-
mum air temperature decreases below 5 °C (Tamura 2004). In coriander, besides 
ambient temperature, root zone temperature plays a key role in enhancing the sec-
ondary metabolite content. The secondary metabolites such as ascorbic acid, carot-
enoids, phenolic compounds, and chlorogenic acid content of the coriander leaves 
increase substantially the root zone temperature by 15–35 °C (Nguyen et al. 2020). 
In lettuce and Japanese parsley (Oenanthe stolonifera), the accumulation of the 
health-promoting pigments such as anthocyanin and chlorophyll b in leaves is the 
highest at the low temperature of 20 °C (Hasegawa et al. 2001; Gazula et al. 2005).

5.3.1.4  Effect of Temperature on Quality of Produce

In most of the leafy and salad vegetables, the quality of produce is usually influ-
enced by temperature. It affects the quality of produces not only by increasing res-
piration and transpiration but also by damaging the tissues or altering morphology 
following exposure to excessive heat or chilling by bringing changes in relative 
amounts of sugar and starch of edible parts.

Temperature can be regarded as the only factor governing the post-harvest qual-
ity of leafy vegetables. Generally, a combination of high humidity and low tempera-
ture significantly enhances the self-life of most of leafy vegetables (Cantwell and 
Kasmire 2002), due to delayed chlorophyll degradation (Pogson and Morris 1997) 
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owing to the high transpiration rate, as leafy vegetables have more exposed surface 
area. Hence, accelerated loss of color and senescence is a major issue if plants get 
exposed to high temperatures.

5.3.1.5  On Disease Development

High temperature and High humidity both favor the development of foliage diseases 
and pests’ population. Pathogens like Rhizoctonia solani and Sclerotini asclerotio-
rum in lettuce have more devastating effects on plants in the presence of high tem-
peratures (Grosch and Kofoet 2003; Clarkson et  al. 2014). Similarly, one of the 
major soil-borne pathogens Fusarium oxysporumf.sp. lactucae infestation in lettuce 
increases rapidly with an increase in temperature (Ferrocino et al. 2013). Similarly, 
in spinach, rust and anthracnose are the two major diseases diminishing the market 
value significantly. A high temperature of 15–18 °C leads to a significant increase in 
rust infection, while more than 20 °C results in severe anthracnose infestation in 
spinach (Sullivan et al. 2002; Uysal and Kurt 2017). A similar negative impact of 
high temperature can also be observed in parsley for septoria blight diseases. When 
ambient temperature increases from 20 °C to 30 °C, an increase in the mean lesion 
number is observed (Kurt and Tok 2005).

5.3.1.6  Effect of Temperature on Physiological Disorders

Temperature is the most important component actively influencing the growth and 
development of leafy vegetables and salad crops up to varying extents (Table 5.1). 
For example, high temperature for a short period of time leads to accelerated growth, 
however prolonged exposure causes tip burn and bolting in lettuce (Cox et al. 1976; 

Table 5.1 Classification of leafy vegetables and salad crops based on reaction to high temperature

Degree of 
sensitivity Vegetables Effect due to prolong period

Sensitive Parsnip Inferior root quality
Lettuce Bolting, loose heads, bitterness, tip burn, small & light 

heads, thermo-dormancy od seeds, Ca deficiency
Celery Less quality stems

Moderate 
sensitive

Spinach Reduced yields

Tolerant Shallot Tolerant
Basella Tolerant
Parsley Tolerant
Amaranthus Tolerant

Highly tolerant Malabar Spinach Highly tolerant
New Zealand 
Spinach

Highly tolerant

M. Pathak et al.



115

Fukuda et al. 2009). High temperature during growing conditions even for 2 weeks 
can lead to discoloration of ribs in lettuce (Jenni 2005).

The bitterness of the leaves is observed in lettuce upon prolonged exposure to 
high temperatures. Spinach beet can tolerate frost better than other vegetables. It 
can also tolerate warm weather but high temperature leads to premature bolting 
without giving economic yield. Palak can tolerate high temperatures, unlike spinach 
which is purely a cool-season crop. It fits well in different crop rotations due to its 
adaptation to high temperatures condition, short cropping duration, and appreciable 
biomass yield per unit area. Amaranthus although being considered a warm season 
crop can also be grown successfully in temperate climate during summer. 
Amaranthus species that grow under varying climatic conditions differ in their day 
length requirements and respond differently to changes in photo and 
thermoperiodism.

However, in temperature fluctuation area, some varieties of the mentioned leafy 
vegetable and salad crops can be grown successfully (Table 5.2).

5.3.2  Light

The biochemical processes that take place in plants in the presence of light produces 
carbohydrates and chemical energy. Plants require a greater amount of light, which 
furnishes energy for the combination of carbon dioxide and water to form first man-
ufactured compound i.e., glucose (C6H12O6) is necessary for survival, growth, and 
development of plant. Therefore, greater the amount of light, the greater the photo-
synthesis and accumulation of carbohydrates in plant body. Several components of 
light requirement such as light intensity, light source, color of light plays active role 
in plant growth of leafy vegetables. Light intensity in a range of 200–600 μmol m−2 s−1 
is found to be the most suitable for high light use efficiency and yield in lettuce (Fu 
et al. 2012). High light intensity leads to low light use efficiency and yield. Similar 
results such as reduced vigor, leaf area as well as shoot: root ratio and increased 
amount of oxalate and nitrate are observed in spinach when plants are exposed to 
relatively low light intensities (Proietti et  al. 2004). Besides, yield and yield 

Table 5.2 Recommended cultivars to grow in high and low temperature areas

Vegetable Recommended cultivars

Lettuce Skyphos, Forlina, Green Butter, Red Butter, Salanova (Butterhead type), 
Starfighter (Leaf type), Arroyo and Dove (Romain type), Cultivars 9547 and 9542, 
Salma (a new summer-autumn lettuce cultivar), Elisa (lettuce cultivar for summer 
cultivation), Florida Butter crisp, Glacier and Misty Dat, Great Lakes (Slow 
bolting type)

Palak Ooty-1 (Drought and frost), Punjab Green, Pusa Harit, New Zealand spinach
Amaranthus Chhoti Chaulai (early summer and rainy), Badi Chaulai (summer season), Pusa 

Kiran (rainy season), Pusa Lal Chaulai: (summer and rainy seasons)
Celery Sac yuquin
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attributing traits, nutritional qualities of leafy vegetables are also affected by light 
intensity. Optimum light intensity provisions lead to of a greater amount of simple 
sugars and carotenoid pigments, while in the absence of light, ascorbic acid content 
reduces at a significant rate in leafy vegetables like chinese kale (Noichinda 
et al. 2007).

Besides light intensity, supplemental light sources have a significant effect on 
growth and nutritional properties of leafy vegetables. Supplemental UV-A and blue 
light results in significant increase in the concentration of anthocyanin pigments. 
Supplemental red light results in enhancement in phenolics content, while supple-
mental far red light enhances the fresh weight, dry weight, stem length, leaf length, 
and leaf width in lettuce (Li et al. 2009). Similarly, white and/or red fluorescent 
lamps with a photosynthetic photon flux of 300 μmol m−2 s−1 leads to the accumula-
tion of biomass, β-carotene, and lutein content in spinach. Another source of light 
such as light-emitting diodes (LEDs) can be used to decrease the bitter component 
‘gluconapin’ and increase in ‘glucoraphanin’ content in roots, total phenolic, and 
anthocyanins, as well as the strongest antioxidant capacity of leafy vegetable crops 
like chinese kale (Qian et al. 2016). Similarly, RGB LED light exhibits the maxi-
mum amount of chlorophylls, β-carotene, lutein, neoxanthin and violaxanthin, 
while plants grown in incandescent light results in the maximum protein content 
and total thiocyanates content in kale (Fiutak and Michalczyk 2020).

5.3.3  Effect of CO2

CO2 plays a major role in the global warming which is predicted to keep rising at an 
alarming rate to dangerous levels in the coming decades. Several experiments have 
been carried out to figure out the possible potential of elevated CO2 to affect crop 
growth and production potential (Zhang et al. 2015). The elevated CO2 was found to 
enhance yield and accumulation of biomass due to the increased rate of photosyn-
thesis (Ainsworth et al. 2002; Prior et al. 2011). The elevated CO2 also possess the 
potential to reduce the stomatal conductance of plant which ultimately leads to 
reduction of transpiration, enhancement in water use efficiency which help plant to 
combat drought stress (Radoglou and Jarvis 1992). Nonetheless, increase in CO2 
content leads to the reduction in nutritional quality and growth characteristics of 
lettuce and spinach (Giri et  al. 2016). CO2 concentration has also been found to 
inhibit disease infestation in leafy vegetable crops. Fusarium wilt of lettuce was 
found to be inhibited at 800  ppm CO2 concentration as put forth by Ferrocino 
et al. (2013).
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5.3.4  Rainfall

Rainfall is one of the most important factors, especially when vegetables are grown 
under dry land conditions, however, high rainfall may cause flood damage, partial 
drowning on certain soil types, and will often favour disease development. The pat-
tern of rainfall in the region should be studied before taking any decision concerning 
the types of crop to be cultivated. Local variations in rainfall can influence the meth-
ods of cultivation to be practiced and the types of crop, which can be grown success-
fully. Heavy rainfall helps in leaching down of salts and reduces the salinity level in 
the soil but seed germination is deteriorated with an increase in the number of 
rainy days.

5.3.5  Humidity

Humidity, or air moisture content, plays a key role since it influences varieties 
phases of vegetable production, like seed germination, vegetative growth, flower-
ing, fruit set, quality of vegetables, etc. Besides seed production and seed viability 
in storage, humidity plays most important role in the occurrence of insect-pests and 
disease. Certain diseases (e.g., powdery mildew) are associated with dry weather 
but humid conditions are known to favour diseases, like leaf rust, downy mildew 
and fungal blights affecting foliage. Humidity and temperature in combinations are 
well known to influence the growth and production of commercial vegetable crops. 
High humidity leads to the enhanced disease incidence, such as anthracnose in spin-
ach and Septoria petroselini in parsley (Kurt and Tok 2005; Uysal and Kurt 2017).

Excessively high humidity favors the growth of microbes during storage and 
makes the fruits and vegetables susceptible to disease infection. Besides low tem-
perature, relative humidity is equally important factor in cold storage for maintain-
ing firmness of fresh produce as water loss from vegetables having high water 
content is rapid at low storage humidity. High humidity prevents wilting of leafy 
vegetables particularly after harvest. The moisture content positively influences the 
total plant, stem, and leaf and root weight (Ejieji and Adeniran 2010).

5.3.6  Frost

Most vegetables are injured at or slightly below freezing temperature but tropical 
and subtropical vegetables may be damaged or permanently killed by temperature 
below 10 °C but above freezing point. The extent of the damage caused by frost 
fluctuate species and even with varieties of the same species or to some degree with 
the stage of plant development.
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Frost has a devastating impact on lettuce which is easily identifiable, the extent 
of which vary according to the duration of exposure to frost and growth stage of 
lettuce. Frost damage manages itself by the separation of the outer leaf cuticle from 
the underlying cell tissue, which leads to bronzing of leaves. This occurs due to the 
damage to the epidermal cells. Severe frost conditions also lead to necrotic spotting 
as well as interveinal lesions. Sometimes, young leaves tips are dried up and upon 
the continuation of the leaf growth, curling of the leaves occurs. Shorter exposure of 
frost causes roughening and thickening of the leaf tissue.

In case of celery, when temperature falls below – 0.5 °C, freezing injury can 
generally be seen. Water soaked spots appear on thawing and wilted leaves of let-
tuce. Freezing injury can appear in the field condition in Romain and Crisphead 
lettuce, resulting in epidermis separation from the leaves. This ultimately leads to 
attack of bacterial pathogens during storage condition, especially if lettuce is stored 
at less than 2 °C.

In spinach, freezing injury appears when exposed to −0.3 °C ambient tempera-
ture, which leads to water soaking spots accompanied by bacterial soft rot. Palak 
crop can withstand frost and tolerate warm weather but high temperature leads to 
early bolting without giving sufficient cuttings. During hot weather leaves pass edi-
ble stage quickly.

5.3.7  Hail

Hail storms can beat down a standing crop nearing harvest; do considerable damage 
to the harvested sheaves left in the field for drying and cause necrotic spots on fruits 
like tomato, which happened to be hit by hail. Hails pose a serious threat through 
their mechanical damages to the branches and development of corky tissues in fruits 
in and around the hail hit spots. Hail damage to leafy tissues can reduce photosyn-
thetic surface and depress yield.

5.3.8  Soil Factors

Vegetables crops generally grow well in fertile soils with regular supply of essential 
nutrients and moisture. Light textured soils are suitable for lettuce. But, in general 
loam soils are suitable for almost all vegetable crops. Cool season vegetables are 
shallow rooted crops, which have short growing season so these crops should be 
grown in soils warm up quickly but such soils are often low in nutrients and poor in 
retention of moisture, needing heavy fertilizers application and frequent irrigation. 
These soils are most suitable for the cultivation of crops in which underground part 
is of economic importance. However, the crops for which higher yield is more 
important should be grown in heavy soils, but in such soils, the crops usually take 
longer time to mature. Heavy soils often considerable plant nutrient reserves and 
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also retain moisture for longer period, thus only small quantity of fertilizers is 
required, and irrigation is required relatively at long intervals but too heavy soils are 
not suitable for the cultivation of vegetable crops as they poor aeration and poor 
nutrient liberation capacity resulting in poor plant growth. Heavy soils produce 
rough and deformed roots with number of small fibers. Tubers produced in light 
soils generally have a more desirable shape and brighten skin colour than those are 
grown in heavy soils.

5.3.8.1  Soil Salinity

The crop growers have to grow crops in many areas around the globe by irrigating 
with water containing high salt content due to the scarcity of good quality water 
sources. The physiology, biochemistry as well as yield of leafy vegetable crops get 
affected by the soil salinity and salinity possess a major threat during production of 
these vegetables (Munns and Tester 2008). It’s been estimated that soil salinity 
directly negatively affects 20% of irrigated agricultural land (Chinnusamy et  al. 
2005) and it negatively impacts around 1000 million ha of land, which is 7% of all 
land area (Szabolcs 1994).

Al-maskri et  al. (2010) reported that soil salinity significantly influenced that 
number of leaves, plant fresh weight, shoot fresh and dry weight, shoot dry matter 
percentage, root fresh and dry weight, root dry weight percentage, leaf area and leaf 
area index of lettuce. Unlukara et al. (2008) found that the salinity led to continuous 
decrease in lettuce yield which went upto 60% yield loss. Omami (2007) reported 
A. hypochondriacus and A. cruentus to exhibit enhanced tolerance to salinity, as 
plants were able to survive in 200 mM NaCl treatment.

5.3.8.2  Heavy Metals

A number of studies reported the high concentration of heavy metals caused in 
inhibition of vegetative growth and crop productivity. Prolonged exposure of high 
concentration of heavy metals may lead to decrease in blood pressure and damage 
to numerous internal organs like liver, kidney, and lungs. It can also negatively influ-
ence a number of physical and neurological functions resembling sclerosis. The 
major heavy metals affecting the commercial cultivation of leafy vegetables are 
Cadmium, Copper, and lead. At higher concentration doses, cadmium (Cd) and cop-
per (Cu) results in highly toxic impact and the plant growth attributing factors are 
significantly reduced in case of spinach and amaranthus (Chetan and Ami 2015). 
Accumulation of lead leads to the reduction in growth and nutrient uptake of the 
mineral ions such as Sodium, Potassium, Calcium, Magnesium, Iron, Copper and 
Zinc in spinach (Lamhamdi et al. 2013)).
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5.4  Mitigation of Negative Impacts of Climate Change

Negative impact of the global warming can be mitigated by the adoption of sustain-
able strategies to enhance the production and productivity of the leafy vegetables. 
There exist numerous ways to continue growing crops even in the changing global 
climate scenario. Some of these measures are given below:

5.4.1  Strengthening of Crop Management Systems

The production of leafy vegetables cultivated in low land topography exposed to hot 
and humid climates can be enhanced with the help of numerous management meth-
ods. A number of biotic and abiotic stresses combating strategies have been devel-
oped by World Vegetable Centre, Taiwan in flood and drought prone as well as 
saline soil infested areas to produce high qualitative leafy vegetables.

5.4.2  Efficient Irrigation Management

Proper water management significantly positively affect the proper growth and 
development of leafy vegetable crops due to their high water content of their foli-
age. The critical stage of irrigation needs to be identified for individual leafy vege-
tables. The critical period varies according to the prevailing weather condition of the 
area, crop growth stage, water retention capacity of soil as well as soil texture.

5.4.3  Water Conserving Agronomical Practices

In order to protect the crop especially leafy vegetables susceptible to imbalanced 
water supply, a number of mitigation strategies are available. Those include the use 
of raised beds, utilization of rain shelter to protect the crop from heavy rains, and 
mulching which restricts water loss from soil. These strategies are reported to suc-
cessfully save the crop from heavy rain, heat stress, excess moisture stress, etc. 
Growing of leafy vegetables inside protected structures in controlled condition to 
grow leafy vegetables all around the year.
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5.4.4  Promotion of Climate-Resilient Leafy Vegetables

The existence of diverse germplasm is the preliminary requisite for the breeding 
programme aimed at mitigating the abiotic stresses caused by global warming. Use 
of abiotic stress resistant cultivars, use of efficient water management strategies and 
organic method of cultivation need to be more practiced by the crop growers to 
sustainably grow a crop with high yield and nutritional value.

5.4.5  High Temperatures Tolerance

In order to combine heat tolerance with high productivity, expansion of genome 
base by crossing the heat tolerant cultivars with high yielding accession followed by 
selection. A number of cultivars of a number of leafy vegetables have been devel-
oped to cultivate in high temperature areas. Various crops are altered and modified 
for ability to cope with heat tolerance. Minetto, X-01, Green Star, Magenta, Bronze 
Arrow Lose Leaf, Red Salad Bowl Oakleaf and Oakleaf Looseleaf Lettuce are heat 
tolerant lettuce cultivars, while Panama, Red Sun, Revolution, Bergamo cultivars 
are resistant to bolting; hence, recommended for high temperature regions. Similarly, 
the Japanese hybrids “Akarenso,” “Alrite,” “Alkame,” and “Samba,” spinach culti-
vars and ‘Conquistador’, ‘Celery Paris’ celery can be selected to grow in high tem-
perature areas. Badi Chaulai, Pusa Lal Chauli (A.tricolor) of amaranthus also 
possess considerable tolerance to heat stress. Pusa Jyoti of Palak has wide adapt-
ability to changing climate and recommended for all the year round cultivation.

5.4.6  Salinity Tolerance

A number of programs are underway to develop salt tolerant high yielding varieties. 
Although not much success has been achieved through conventional breeding pro-
grams, owing to physiologic and genetic complexity of the character (Flowers 
2004). For the development of salt tolerant varieties, collection and evaluation of 
diverse germplasm, suitable method of screening, and successful transfer of salinity 
tolerance from the donor to the commercial elite genotypes are the main targets. 
Romanian lettuce cultivars and K1, Quinoa amaranthus are suitable to cultivate in 
saline soil condition (Table 5.3).

Table 5.3 Classification of leafy vegetables and salad crops based on Salinity Tolerance

Less tolerant Moderately tolerant Tolerant

Celery Amaranth Palak
Spinach Lettuce
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5.5  Conclusion

The key to successful and sustainable vegetable crop production is the process of 
developing of an understanding of environment and quantifying the agro-climatic 
requirements of different vegetable crops. Impact of anticipated climate variability 
on regional scale is the main challenge for a successful vegetable production. Leafy 
vegetable crops like lettuce, celery, parsley, spinach, etc., can be grown successfully 
in controlled environment, viz., permanent protected structures or greenhouses 
where plant growth is not affected by outside environmental conditions. Components 
of climate like radiation, rainfall, temperature and wind affect microclimate modifi-
cation within crop fields which are beyond human control. In order to bring forth the 
full potential of the highly scattered vegetable producing areas to sustainable vege-
table producing regions, a great deal of understanding of agro-climatic resources of 
the region and microclimatic modifications and their interactions with vegetable 
crops is needed. Thus, by exploring the meteorological conditions through field 
microclimatic modifications by fulfilling the requirements of crops, the sustainable 
vegetable production may be achieved.
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Chapter 6
Impact of Climate Change on Perennial 
Vegetables Production and Mitigation 
Strategies

Rajesh Kumar, Lomash Sharma, Jitendra Kumar Kushwah, 
and Bahadur Singh Bamaniya

Abstract Scientific fraternity is concerned about the global climate change because 
the variations in important climatic factors may have a significant impact on vege-
table crop production, jeopardising global and local food security. Climate change 
may also have a significant impact on global horticultural processes and productiv-
ity. The changes in the growth patterns, flowering and fruiting capabilities of many 
perennial vegetable crops are inevitable. These vegetable crops are likely to face 
significant challenges due to altered seasonal factors, impacting dormancy, acclima-
tion, and subsequent reproduction behaviour. In the result of climate change, new 
pests and pathogens may become popular and harmful in the locations where their 
activity was previously restricted. Water and nutrients become scarce in some areas, 
reducing prospects for cultivating perennial vegetable crops. Climate change modi-
fies genotype x environment interaction for physiological and economic features in 
the crop plants. However, the abundance of germplasm with the vast range of spe-
cies and genetic diversity offers a chance to develop climate resilient varieties, 
which will reduce the impact of climate change and ensure economic benefits to 
farmers. Modification of current horticultural operations and increased practice of 
greenhouse technology are some of the options to mitigate the effect of climate 
change. This chapter discuss the mitigation strategies of perennial vegetables for 
sustainable horticulture through good agronomic practices, breeding for heat and 
drought resilience, stimulating new and innovative ideas like grafting technology 
and genetic engineering to increase perennial vegetable production and quality.
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6.1  Introduction

Climate change has become an undeniable fact of the world in the present scenario. 
The continuous change in the ecosystem is the results of global warming, affecting 
the human health and nature including climate change, glacier retreat and melting, 
rise of oceans levels, forest fires, ozone depletion, agricultural cropping system and 
water scarcity (Shabir 2010). Climate change is raising the concerns over variables 
such as temperature and rainfall, which in turn can severely affect crop growth and 
compromise agricultural production and in the end food security. The world’s cli-
mate is dynamic, plenty of evidences point towards the fact that it has been in a state 
of constant flux ever since the planet was sufficiently solidified and the atmosphere 
was formed (Dixon 2009, 2012). Since the surrounding environment play an impor-
tant role in regulating the biology of plants and animals, natural events serve as 
some of the best signifiers of climatic change. According to Inter-governmental 
Panel on Climate Change (IPCC 2000), prominent changes in climate has been 
observed since beginning of industrial revolution, which had its peak in the eigh-
teenth and the nineteenth century; industrialization is a major contributor to global 
warming. This led to a surge in climate based research and the development on cli-
mate modelling technologies. Scientists agreed on that human activity have been a 
major factor resulting in these changes today. Greenhouse gases accumulate in the 
atmosphere through combustion of fossil energy and greenhouse gases (GHG) 
emissions, e.g., CO2, N2O, CH4 etc. (IPCC 2013). It has been expected that twenty- 
first century increase the average temperature of the Earth by 2–4.5 °C (IPCC 2013).

Vegetables are being cultivated for herbaceous succulents, and prone to several 
abiotic stresses. Most of the vegetables are vulnerable to adverse climatic factors 
results in loss of crop production. Environmental conditions vary in every season 
and location play a major role in vegetable production (Singh and Singh 2013; 
Solankey et al. 2021). Research on adverse impacts of climate change on vegetable 
production hence becomes a priority. Continuous increasing in world population 
has concern regarding the stability of the global environment, which considerably 
increases the food demand. Factors such as water availability, weather, and soil 
fertility are affecting agriculture productivity (Noya et  al. 2018; Solankey et  al. 
2019). These factors such as uncontrollable weather conditions and plant exposure 
to the changing environments reduce quality of products. The possible way to 
reduce the dependence on weather conditions to a certain level is the use of good 
and advanced agricultural practices like greenhouse production or controlled envi-
ronment farming. To ensure high food security and to fulfil the consumer demands, 
adoption of strategies is required to combat the challenges by climate change. 
Growing of crops by limiting their life span will affect growth and development 
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Fig. 6.1 Impact of climate change on agriculture. (Source: Raza et al. 2019)
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Fig. 6.2 Extreme events related to climate occurred during 1990–2016. (Source: FAO 2019 based 
upon data from Emergency Events Database)

because of decreased water availability and terminal heat stress, which cause a 
reduction in the horticultural production. Low and erratic rainfall in rainy season 
will primarily affect agriculture (Venkateswarlu and Shanker 2012). The effects of 
climate change on crop production are described in Fig. 6.1. Moreover, as per Food 
and Agriculture Organization, events of climate change increased dramatically as 
shown in Fig. 6.2.
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6.2  Impact of Climate Change on Perennial Vegetable Crops

Perennial vegetables have the ability to deal with crises of nutrient deficiencies, 
crop biodiversity and climate change, but such crops are neglected and underuti-
lized. Perennial vegetables have received little attention and only some individual 
crop species studied closely and in detail (Pimentel et al. 2012; Seemanthani 1964, 
Chadha and Patel 2007). Perennial vegetables are cultivated for their edible leaves 
(vegetative structures) and flower buds (reproductive structures). In the regions, 
where annual vegetables don’t perform well, many perennial vegetables are best 
suited. Perennial vegetable crops include several halophytes, xerophyte, aquatic 
plants, and shade crops. Several shade tolerant Perennial vegetables are best suited 
to multi-strata agro forestry systems (Toensmeier 2007). Perennial vegetables as 
being region specific crops, very few are globally well known and traded crops. 
Perennial Vegetables are presently cultivated on 3.3 M ha, only 6% of the 52 M ha 
of total vegetable area globally. FAO reports 1.1 M ha in edible olives (Olea euro-
paea) out of 10.6 M ha in total production across the globe, of which only 10% is 
utilized for table use (Lavee 1996). In India, only 1.5 M ha in asparagus (Asparagus 
officinalis), 0.6 M ha in avocado (Persea americana), and 0.1 M ha area is under 
globe artichoke (Cynara scolymus) production. India also has 38,000 ha area in the 
perennial drumstick (Moringa oleifera) (Ponnuswami 2012).

6.2.1  Elevated CO2 Changes Yield and Quality of Produce

The advent of climate change is directly proportionate to the accumulation of green-
house gases particularly CO2, which emerge from the combustion of fossil fuels. 
Bisbis et  al. 2018 revealed in a review that elevated CO2 of atmosphere has the 
advantages by increase in CO2 influx to the leaf, whereas reducing the stomata con-
ductance concomitantly. This increases water use efficiency resulting in greater 
yield at a reduced water loss. Prolonged exposure to increased CO2 may also influ-
ence quality of product, e.g., enhancement in ascorbic acid, sugars, and greater anti-
oxidant capacity, but probably it decreases some major and micronutrients 
availability such as magnesium, iron, and zinc in leafy vegetables (Dong et al. 2018).

6.2.2  High Temperatures Accelerate Plant Development

High temperatures fasten organ development and accelerate the plant development 
rate of vegetables, e.g., flowering to fruiting. As a result, undesirable features may 
be encountered in the harvested products. These are the disadvantages of faster 
development of annual crops, which shorten the life cycle and reproductive system 
turns into lower yield potential. Productivity impacted negatively by temperature, 
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by falling above or below specific thresholds at critical periods during crop develop-
ment. Phenological development will be disrupted by photoperiod sensitivity of 
crops interacting with temperature. Some of the aspects affected by extreme tem-
peratures during the reproductive stage which in turn accelerates the mechanism 
such as pollen viability and fruit formation (Hatfield et al. 2011).

6.2.3  Extreme Weather Events Reduce Yield and Quality 
of Produce

Extreme weather events are generally observed in terms of the season and average 
mean temperature of the month and include both extremely hot and low tempera-
tures; as such extreme weather events include frost in winter as well as temperature 
above 30 °C in hot summer. It also includes hail or heavy rainfall with storms or 
drought; these events are directly connected to the temperature, rather form and 
intensify the precipitation or wind speed. An increasing frequency of extreme 
weather events is generally predicted by climate scenarios but these are with regional 
differences in their intensity and nature. Cultivating stress-resistant plants and to 
study their responses under different stresses is necessary for achieving food safety 
for an increasing global population. The plant response in relation to climatic 
stresses varies in the gene expression, physiological conditions, and metabolism. A 
very few reputed plant sensors have been recognized so far, though it was reported 
in many studies that plants are capable to sense any variation in surrounding envi-
ronmental signal (Zhu 2016). The plant tissues are damaged and they respond con-
sequently due to various environmental stresses, e.g., transcriptional responses in 
specific tissues of roots against different stresses act differently (Dinneny et  al. 
2008). Factors such as drought, salinity, and chemicals effluence produce cellular 
signs like stress-responsive protein creation, increased associated solutes level, and 
more elevated antioxidant ratios. These primary stresses generate secondary stresses 
like osmotic and oxidative stress (Carvalho and Amancio 2019).

6.2.4  Effect of Temperature on Physiology 
of Perennial Vegetables

Different crop species at every stage of life cycle has varied responses to tempera-
ture and responses are based on phenological aspects primarily, i.e., various stages 
of development of plant. The boundaries of observable growth are formed by a 
maximum and minimum temperature ranges for each species along with the increase 
in temperature to the optimum level, the growth (rate of node and leaf appearance) 
also increases. Compared to the reproductive development, the vegetative growth 
usually linked with relatively higher temperature requirement for most of the plant 
species.
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Disruption of the pollination process limits the fruit bearing ability is a result of 
the exposure of the plants to extreme temperature ranges. A constant negative 
impact on plants is generally observed even though the degree of this impact varies 
among the species accordingly. The extreme effect on the atmospheric water vapour 
is one of the aspects of high temperature, is often overlooked. A decrease in the 
stomatal conductance results in high leaf temperature and a reduced photosynthesis 
is result of an increasing water vapour demand, which will lead to excess water 
transpiration through the leaf till the water supply will be restricted. Moisture stress 
can occur more rapidly if the plant is subjected to an extreme temperature because 
the plant becomes incapable to withdraw moisture from the deeper layer of soil to 
meet the increased atmospheric demand. The collective result of the hot air tem-
peratures and the increasing atmospheric demand contribute towards negative effect 
of temperature extremes on the plant (Hatfield et al. 2011).

Climate change also manipulates the chilling requirements in some vegetable 
crops as a result of increasing temperatures throughout all the seasons. The influ-
ence of global warming inhibits winter dormancy may reduce the yield of many 
perennial vegetables. For example, asparagus goes into the dormancy and accumu-
lates chilling of 0–7 °C over the winter period (Nie et al. 2016). Dormancy was 
consisting of two phases: (i) dormancy initiation and chilling temperatures accumu-
lation, (ii) dormancy breakdown by high temperatures accumulation. Yields may be 
delayed and reduced as a result of a very high temperature during the first dormancy 
phase, which may extend the second dormancy phase length. In asparagus, with the 
increase of temperature by 3  °C, i.e., from 2 to 5  °C, the duration of dormancy 
extends by 15 days (Nie et  al. 2016). Moreover, the effects lead to reduced bud 
break and poor spear production.

It is quite clear from the finding of Kaufmann and Blanke 2017, that, the lack of 
chilling can be partially substituted by more forcing. The lack of cold hours in win-
ter that induce flowering may be disallowed by higher temperatures in spring may 
be the result of climate change. Yamaguchi and Maeda 2015 successfully studied 
the breakdown of dormancy with the utilization of high temperature in Japan. A 
high temperature of 28 °C for 4 days or more is used to break dormancy during the 
forcing stage, resulted in rapid spear growth. It is revealed that high temperatures of 
28 °C could break the dormancy of asparagus more quickly than chilling tempera-
tures of 5  °C. However, negative effect on yield was also observed due to rapid 
sugar depletion when the high temperatures persisted for longer duration, eg., 
15–20 days.

6.2.5  Influence of Drought

Drought may be described as the absence or very less rainfall for a given period of 
time, sufficient enough for moisture depletion in the soil with a reduced water 
potential in the plant tissues. Climate change is expected to directly affect water 
availability and crop productivity, particularly in those vegetables affected by severe 
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water stress conditions. Drought is the major cause of crop loss worldwide as it 
reduces average yield by 50% or more for most of the crop plants, it is a major crisis 
in the dry regions (Sivakumar et al. 2016). It has been suggested that a reduction in 
photosynthesis and photosynthetic assimilates amount allocated to floral parts is 
caused by moisture stress at flowering and this might cause an increase in the rate 
of abscission. Drought stress also causes metabolic impairment (Dias and 
Bruggemann 2010), apart from blocking the rate of photosynthesis by decreasing 
stomatal conductance (Yordanov et al. 2013). Solute concentration increases in the 
soil environment, which in turn leads to osmotic water out flow through plant cells, 
is caused by drought stress. This reduces productivity by inhibiting several physio-
logical activities such as respiration and photosynthesis in most of the vegetables, 
caused by an increased moisture loss in plant cells (De la Pena and Hughes 2007). 
Moreover, water stress also reduces the biochemical capacity, which affects the 
availability and exploitation of sugar such as sucrose. This is indicated by a decrease 
in SPS (sucrose phosphate synthase) and inverse activity. A major role in the re- 
synthesis of sucrose is considered to be played by the SPS and it sustains the assimi-
latory carbon flux from source to sink (Isopp et al. 2008). The effect of drought is 
intensified and crop yield is further reduced by high temperature accompanied with 
drought that promotes evapo-transpiration and affects photosynthetic kinetics (Mir 
et al. 2012). Drought is considered as the major climatic stress for a lot of Indian 
states viz., Rajasthan, Haryana, parts of Gujarat, and Andhra Pradesh (Mitra 2001). 
A 2/3rd of the Indian geographic area receives very less rainfall (lesser than 
1000 mm), is categorized by erratic distributions. Among the net sown area of agri-
cultural crops, about 140 million hectares (approx. 68%) is classified as susceptible 
to drought conditions and moreover, 50% of such area are reported as ‘severe’, 
where drought occur more regularly and frequently (National remote sensing cen-
tre, India).

In Tree tomato (Solanum betaceum) cool temperature induce flowering, whereas 
high temperatures coupled with drought negatively affects flowering as well as 
fruiting (Carrillo-Perdomo et  al. 2015). Significant reduction in yield and starch 
content in the vegetables like cassava and sweet potato also takes place, which were 
earlier considered to be drought tolerant crops (Ravi and Mohankumar 2004; Ravi 
and Indira 1999). For tuber growth, mild water deficit is favourable, but growth of 
aerial parts and bulking of tuber both cease and become dormant under unfavour-
able water stress conditions. About 0.9  M  ha area is affected and production is 
decreased by 40% in last five decades due to natural disasters like flood, drought 
and cyclones (Sivakumar et al. 2016). Although at extremely high temperatures of 
33–40 °C under sufficient moisture, cassava may satisfactorily sustain its biomass, 
however at the temperature above 30 °C, sucrose synthesis translocates from the 
leaves and synthesis of starch in tubers is drastically affected. When the available 
soil moisture goes below 20%, sweet potato yields decreased as it drastically 
reduces the number of tubers during tuberization period. Lignifications of tubers are 
induced and tuber growth is hampered due to water stress during tuber initia-
tion period.

6 Impact of Climate Change on Perennial Vegetables Production and Mitigation…



134

6.2.6  Increase in Soil Salinity

Changes in weather patterns due to climate change resulted in the increased fre-
quency of rainfall or drought above the normal range for more than a decade 
(Ayanlade et al. 2018). Variation in temperature and precipitation highly influences 
the soil salinity. It has been studied that the increased temperatures and decreased 
precipitation for long term (30 years) showed a direct relation with increase in salin-
ity in arid soils due to decreased leaching of salt from the soil. Salinity is a serious 
problem in many crop growing areas as it reduces the growth as well as productivity 
of several vegetable crops. A reduction in the productivity of many perennial vege-
tables, which are mostly sensitive throughout the course of development, is caused 
by excessive soil salinity. It causes a reduction in length and mass of roots, at the 
same time they may become thinner or thicker. It also causes a delay or advance-
ment at maturity depending on the species. The species of the vegetable crop and the 
variety within a species determines the degree of growth inhibition by salinity. The 
germination rate is slowed by salinity, and at higher levels it also reduces germina-
tion percentage. Environmental interactions like temperature, relative humidity, 
solar radiation and degree of air pollution also mediate the severity of salinity 
response (Shannon et al. 1994). Reduction in growth, leaf colour and changes in 
root/shoot ratio and rate of maturity are some of the osmotic effects of salinity. Ionic 
effects are manifested more easily in leaves and meristem damage produces the 
nutritional disorders symptoms. Thus, ion like Na+ or Cl− may accumulate in leaves 
or other plant parts in high concentrations and results in burning of leaves (Shannon 
and Grieve 1998). Ion-specific stress arising from altered ratios of K+/Na+, leads to 
an increase in concentrations of Na+ and Cl−, is injurious to the plants. It is caused 
by an initial water deficit due to high solute concentrations in the soil imposed by 
salinity. Some of the impact of salt stress on a plant is loss of turgidity, leaf abscis-
sion, reduced growth, decrease in photosynthesis, decrease in respiration, loss of 
cellular integrity, wilting, necrosis of tissues and ultimately plant death (Cheeseman 
1988). The soil microbes’ population in the rhizosphere and their interaction with 
roots are also affected by salinity. Rhizobium spp., which is associated to legumes, 
can tolerate more salt than the legume itself, but plenty of evidence shown that 
nodulation process and fixation of N2 by some of the legume crops are weakened by 
salinity (Lauchli 1984). It has been suggested that mycorrhiza symbioses increase 
the salt tolerance of the plants by improving phosphorus assimilation (Hirrel and 
Gerdemann 1980).

In an experiment, the number of buds per plant and bud growth was reduced in 
artichoke, as only fewer harvestable buds were obtained from plant when salinity 
level increased in the soil resulting in yield loss. Since bud circumference is reduced 
significantly with the increased levels of salinity, total yield reduction is accounted 
by the significant reduction in the weight of individual bud weight (Table  6.1) 
(Francois 1995). However, the harvesting traits are least affected in asparagus crop 
(Francois 1987).
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Table 6.1 Bud yield traits of artichoke grown at six levels of salinity during two growing seasons. 
(Francois 1995)

Soil salinity (ECe) 
(dSm−1)

Total bud yield 
(t ha-I)

Avg. bud 
weight (g)

No. of buds/
plant

Avg. bud circumference 
(mm)

1987
4.6 16.7 211 6.1 289
6.6 16.8 203 6.6 287
7.4 16.1 206 1.3 287
8.7 10.0 190 5.9 282
10.6 9.0 179 6.3 279
11.6 5.3 178 5.4 274
Significance’ L** L** NS L***

1988
4.4 17.1 256 5.2 274
5.9 17.1 234 6.4 275
8.3 13.3 214 5.1 275
10.4 8.5 189 5.2 264
11.3 5.2 180 4.9 258
13.8 4.1 179 4.0 260
Significance’ L*** L***,Q* L* L**

zL linear, Q quadratic
NS,*,**,***: Significance at P=0.05, 0.01 and 0.005

With increasing soil salinity, the reduction in root pressure may arise; it would 
provide a mechanism for Ca movement to the inner bracts. As a result, Ca defi-
ciency occurred with reduced root pressure and low transpiration. Necessity to 
maintain low levels of soil salinity is crucial for maximum yield even though arti-
choke tends to be more tolerant to salt than most of the other vegetable crops. 
Content of Mg and K in the leaf blades and midrib is also affected by salinity. The 
deficiency of Ca within the bud increases and the size of the buds decreases when 
salinity levels become too high (Francois et al. 1991).

6.2.7  Flooding Interferes to Crop Growth and Production

Being flood-susceptible plants, flooding causes serious problem to vegetable crops 
through hindrance in growth and development (Parent et al. 2008). Slow gas diffu-
sion in the water and consumption by plant roots and microbes leads to oxygen 
deficiency, is normally associated with the occurrence of flooding condition. Many 
vegetables are highly susceptible to flooding and genetic variation to this trait is also 
limited, particularly in tomato, however the crops like asparagus and taro are least 
affected. Inhibition of aerobic processes which is caused due to oxygen deficit in the 
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plant root zone is the most common damage by flooding in perennial vegetables. 
Endogenous ethylene is accumulated and causes harm to the plants in flooded con-
dition (Drew 2009). A typical response of tomatoes to water logging is the rapid 
development of epinastic growth of the leaves and it also involves the activity of 
ethylene accumulation (Kawase 2011). With rising temperatures, the flooding 
symptoms become more severe; usually after a short flooding at high temperatures, 
rapid wilting is observed ultimately leads to death of the plants in tomato (Kuo 
et al. 2014).

Plant response to abiotic stresses depends upon the stage of development, 
length and intensity of stresses (Kumar 2017). Reduced stomatal conductance of 
a plant is one of the earliest plant physiological responses to soil flooding (Folzer 
et  al. 2006). Flooding generally leads to leaf water potential increase, which 
decreases the stomatal conductance ultimately leads to reduction in carbon 
exchange rate and elevate the internal CO2 concentration. Flooding affects the 
vegetative as well as reproductive growth of the plants negatively due to physio-
logical malfunctioning (Gibbs and Greenway 2008). Chlorosis of leaves, reduced 
shoot and root growth, reduced accumulation of dry matter and yield reduction 
are some of the negative results of flooding on sensitive crop plants (Malik et al. 
2002). The water-borne pathogens spread easier by flooding, as plants can be 
predisposed to infection by droughts and heat waves, alongside with dispersal of 
spores through wind (Pautasso et al. 2012).

6.2.8  Insect Responses to Climatic Change

Climate change also influenced the biology and ecology of insect pests (Jat and 
Tetarwal 2012). An increase in fecundity and earlier completion of life cycle in 
some insects with short life cycles such as diamond back moth and aphids are 
caused by increase in temperature. As a result, insect produced more generations 
per year than their actual rate (FAO 2009). In contrast, several years may be taken 
by some insects to complete their life cycle. Soil acts as an insulating medium that 
leads to changes in buffer temperature more than the air, some of the insect species 
that live in soil for some stages or whole of life cycle is likely to suffer more than 
above the surface of soil (Bale et al. 2010). Rising in the temperature leads to move-
ment of insect species to higher latitudes, while in the tropical areas specific pest 
species might be adversely affected by higher temperature. Developmental and ovi-
positional rates, outbreaks of insects and introductions of invasive species are 
increased by high atmospheric temperature (Kumar et al. 2020), whereas the insect 
diversity in ecosystems, reliability of economic threshold (ET) levels, and efficacy 
of insect biological control by fungi is decreased (Das et al. 2011).
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6.2.9  Crop Adaptation to Extreme Overall Climate Stresses

The climate undergoes severe alterations with the raise of the Earth’s average tem-
perature, as a result becoming abiotic stressful. Various threats are posed to natu-
rally prevailing crop species, so environmental changes are of big concern (Espeland 
and Kettenring 2018). Heat and drought are the most predominant stresses under 
field conditions hence they have a considerable influence on crops (Pereira 2016). It 
is quite obvious that plants, for their normal growth, development and flowering 
require an optimum temperature. Temperature fluctuations highly influence plant 
physiology (Hatfield and Prueger 2015). The grain production and yield is severely 
affected by heat stress, whereas sterility is caused by chilling stress, and the morpho- 
physiology of plants is negatively influenced by drought stress (Salehi-Lisar and 
Bakhshayeshan-Agdam 2016). Some of the impacts of these climatic stresses are 
severe agony on development and yield of plants, producing huge responses, includ-
ing morphological, molecular, and physiological and biochemical modifications 
(Zandalinas et  al. 2018). Overall, climate change and global warming have both 
negative and positive impacts on crop plants.

6.2.9.1  Positive Impact

 1. Increased productivity from higher temperatures
 2. Decline in moisture stress
 3. Introduction of new crops
 4. Acceleration in maturation rates
 5. Prolonged growing season
 6. Increased productivity from enhanced CO2. (CO2 fertilization only applies to 

some crops and will have small temporary benefits for higher latitude. (IPCC 
reports)

6.2.9.2  Negative Impact

 1. Crop damage from extreme heat
 2. Increased ground level ozone-toxicity to green plants
 3. Stronger storms and floods
 4. Warming stress
 5. Waterlogged land
 6. More soil erosion
 7. Specialized mono-cropping, less adaptable
 8. Decreased pesticides and herbicides efficiency
 9. Planning problems due to less reliable forecast
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 10. Increased insect infestations
 11. Torrential rain
 12. Increased drought
 13. Increased weed growth
 14. Increased moisture stress
 15. Increased crop diseases

6.3  Mitigation Strategies

6.3.1  Implications of Moringa Tree to Climate 
Change Mitigation

Since famine is connected to climate change, an important way to mitigate it by 
planting trees, which can sequester more carbon like Moringa (Amaglo 2013). 
Therefore, the need of implementation of climate smart policies can be built for 
more food systems development and combat climate change is of top most priority. 
Moringa tree has a great potential to not only store carbon, but also to improve the 
livelihoods of many farmers if it is grown on a much larger scale (Gedefaw 2015). 
According to Fuglie (2000), Moringa oleifera is called as “Never Die Plant”, as it 
is highly adaptable to various soils and environmental extremes. Because of its 
numerous nutritional, medicinal and industrial values and greater adaptability, 
Moringa oleifera is proven as a suitable crop for mitigation of climate change 
(Ndubuaku et al. 2014). The tree acts as a good sink for CO2 absorption and utiliza-
tion because they produce heavy flushes even during the dry season. They contrib-
ute towards reduction of atmospheric CO2 level, one of the major reasons of 
depletion of ozone layer and finally global warming. The tree is also considered to 
be an adaptable crop for climate change and to eliminate threats for food security 
(Ndubuaku et al. 2014).

When compared to the Japanese Cedar tree, Moringa tree may absorb fifty 
times higher CO2 and 20 times higher than that of general vegetation according to 
the study of Villafuerte and Villafurte-Abonal (2009). A study on Moringa 
revealed that, a person emits 320 kg of CO2 per year. A total of 23 Japanese Cedar 
trees absorbs this amount of CO2 in 50 years of time; on the other hand, only 2 
Moringa trees absorb this amount in 2 years. On an average one family car emits 
2300 kg of CO2/year; to absorb this CO2 amount in 50 years, 160 Japanese Cedar 
trees are required; however only 10 Moringa trees are sufficient for this task in 
2  years (Ndubuaku et  al. 2014). Since Moringa tree sequesters more carbon 
through all plant parts, it may be a useful tool to combat global warming. 
Therefore, the impact of climate change can be mitigated by planting such an 
important tree on large scale.
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6.3.2  Good Agronomic Practices

Several investigators have reported a lot of strategies for the farmers to deal with the 
climatic change for plant adaptation on the basis of series of experiments. The vari-
ous useful approaches adopted by farmers to deal with climatic change are, the 
inclusion of practices such as modifying planting as well as harvesting time, selec-
tion of short duration crops, crop rotation, improved irrigation techniques and crop-
ping schemes. These approaches are very beneficial for adaptability of the crop 
under abiotic stress conditions (Duku et al. 2018). To reduce the water logging of 
the field during rainy season, transparent plastic rain shelters may be used to prevent 
the direct impact on developing fruits for successful vegetable production as sug-
gested by several researchers. The planting of vegetables on raised beds may 
increase the yield during rainy season because it improves drainage of water and 
reduces the anoxic stress to root zone (Welbaum 2015). Some of the other strategy 
to overcome the impact of climatic variation and to ensure good adaptability to the 
plants to assure food security is; sowing time modification, development and utiliza-
tion of drought resistant varieties, and the introduction of new crops (Ali and 
Erenstein 2017). Implementation of techniques with the ability to boost develop-
ment of crop plants under several climatic stresses is another plant adaptability 
approach. The soil moisture can be conserved by the practices like mulching with 
crop residue and with the use of plastic mulches. Excessive soil moisture in exces-
sive rain also becomes a big problem in some instances; this could be overcome by 
the use of raised beds (La Pena and Hughes 2007). Some fundamental techniques to 
deal with climate stresses include the selection of sowing time, plant density, and 
better irrigation technology (Battisti et al. 2018). Use of fertilizers also plays a very 
vital role in the reduction of global warming effect and to support the plant for better 
adaptability. It is always advisable to maintain the soil fertility and increase produc-
tivity as it provides significant energy to the crop plants (Henderson et al. 2018).

6.3.3  Breeding Techniques

Plant breeding shows a lot of techniques in crop improvement under different abi-
otic stresses. By developing stress resistant cultivars, it provides a splendid option 
to ensure food safety and security and also helps plants to avoid various stresses 
throughout the crucial growth period of plant (Blum 2018). The use of genetic 
divergence analysis, inbreeding technology, assessment of germplasm, recombina-
tion and assortment to achieve plant perfection are the important parts for crop 
improvement. Morphological screening of germplasm not only identifies the lines 
with novel traits but also helps in the study of inheritance pattern of different vege-
table crops (Kumar et al. 2018). For the breeding of new varieties based on morpho-
logical variability, genetic divergence study is considered to be very important 
method (Raza et  al. 2018). Information on magnitude and nature of character 
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association act as an important pre-breeding tool for efficient selection of novel 
resistant traits (Sharma et al. 2020).

Landraces are the important source for genetic studies, a wheat landrace main-
tained in data bank contains broader genetic base and is an important source for 
stress resistance as it is adjustable to varied climatic stress (Lopes et al. 2015). The 
screening procedure has identified 5 genotypes (CI-260, CE-534, CE-54, CI-848 
and CI-308) and 9 land races (16, 7, 129, Narukku-3, TP White, CI-60, CI-4, CI-80 
and CI-17) of cassava, are resistant to drought condition. Three sweet potato land 
races that have been identified as drought tolerant are VLS6, IGSP 14 and IGSP 10. 
A variety of sweet potato “Sree Bhadra” is found to be tolerant to drought is released 
by CTCRI, India (Annual Report 2013, 2014, 2015). Breeding for drought tolerance 
has also been tried in various seed spice crops (Malhotra 2009; Malhotra 2016). 
Molecular breeding alone or in integrated approach is the useful tool to develop 
cultivars resistant to abiotic stress using genomics technology like marker-assisted 
selection (MAS) by improving simple horticultural trait controlled by one or oligo- 
genes for resistance (Kumar et  al. 2021) and genome wide associated studies 
(GWAS) (Raza et al. 2019).

6.3.4  Genetic Engineering for Stress Resistance in Plants

Biotechnology is a powerful practice for manipulation of the genome of any organ-
ism for the benefits of mankind. The alteration of genetic structure through biotech-
nology is a potent and new strategy. The data from genetics are quite encouraging, 
may be exploited towards drought, salinity, heat and cold. A powerful finding to 
develop stress-resistant varieties is identification of stress-responsive TFs (tran-
scriptions factors). These TFs can regulate the morphological characters of genes 
linked with different stresses in genetic engineered crops (Reynolds et al. 2015). 
There is a plenty of transgenic plants which are developed by genetic engineering to 
deal with the number of abiotic stresses. Compared to normal plants, genetically 
engineered plants exhibit considerable resistance against changing climate (Shah 
et al. 2016).

Various transcriptions factors are identified as plant-specific transcription factor 
which involves AP2/ERFBP group (Riechmann and Meyerowitz 1998). This group 
of AP2/ERFBP transcription factors is associated with different pathways related to 
plant growth and has role in responses towards abiotic stresses (Licausi et al. 2010). 
AP2/EREBP transcription factors are classified into 4 sub-families based upon their 
numbers and similarity. The sub-families consist of DREB (dehydration-responsive 
element-binding protein), ERF, AP2 (Apetala 2), and RAV (related to ABI3/VP1). 
Two major subfamilies which are widely evaluated due to their function in biotic 
and abiotic responses of plant are ERF and DREB (Sharoni et al. 2011). In different 
water stress and chilling stress, the DREB has significant regulating ability 
(Stockinger et al. 1997).
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6.3.5  Grafting Improves Stress Tolerance

Grafting the vegetables was first initiated during the twentieth century in East Asia, 
to minimize the effect of soil borne diseases like fusarium wilt, and to boost up the 
production of tomato, eggplant, and cucurbits, which are widely affected by the 
disease. Grafting in the present scenario became a regular practice in the vegetable 
cultivation in Korea, Japan and some other European countries (Martínez-Ballesta 
et al. 2010). It is rapid and alternative tool to the slow breeding technology aimed at 
increased environmental-stress resistance of the vegetable crops. Grafting serves as 
a promising tool for the modification of the root system for increasing its resistance 
to a range of abiotic stresses in the plants (Bhatt et al. 2013). Grafted plants are 
being utilized now to improve resistance towards drought, temperatures extremes, 
salinity and flooding, if suitable rootstocks are used (Martínez-Ballesta et al. 2010; 
Venema et al. 2008; He et al. 2009). However, degree of tolerance of rootstocks to 
various stresses also varies largely among different species, viz.; rootstocks from 
Cucurbita spp. are comparatively more resistant to salinity than Lagenaria sicer-
aria (Matsubara 2012). It has been also revealed that melons when grafted using 
hybrid squash as rootstocks were found more tolerant to salt than the non-grafted 
plants (Yetisir et al. 2005). The cultivation of grafted plants in sweet pepper, egg-
plant and tomato and different cucurbits (watermelon, cucumber and pumpkin) has 
increased in past few years because of these beneficial effects of grafting (Hassell 
et al. 2008; Lee et al. 2010), alongside there is huge scope for such an efficient tool 
for various abiotic stress resistance in other perennial vegetables.

6.3.6  Developing Climate Resilient Vegetables

The most cost-effective option to encounter the changing climate is the use of 
improved and adapted germplasm in vegetables. However, most improved varieties 
represent a limited genetic variability including resistance to abiotic stresses. In 
order to achieve intensive and high input production systems, breeding the new 
varieties selected for the traits contributing to adaptation to low input and unfavour-
able environments would be of great importance. Genetic variation is an important 
factor for selection in improved and desirable parents from available germplasm for 
successful breeding programme (Debnath et al. 2020). The recognition of a new 
genetic variation for resistance to different climatic stresses could result in improved 
varieties well adapted to a broad range of climatic condition. The need is to identify 
and advance the genotypes with superior traits through greater combinations of the 
alleles at multiple loci. There is a great demand for the improved selection proce-
dure to identify the superior genotypes with linked traits from wild species from the 
unfavourable environments to their cultivated varieties. Plants inhabitants to cli-
mates with varied seasonality are able to adapt more easily to changing environment 
(Pereira and Chaves 1995) and offer opportunity to identify the genes that provide 
such resistance.
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6.4  Conclusion

At present time, with the challenge to meet food and nutritional security for growing 
population, the agricultural world is facing a difficult situation especially in the 
vegetable production. There is an urgent need to produce increasing amount of food 
from limited piece of land. With the result of increasing abiotic stresses and decline 
in favourable environment combined with the threat of global warming through 
greenhouse gases, the problem is aggravated at high extent. There is significant 
effect of raised temperature upon duration of crop, flowering and fruiting of peren-
nial vegetables with very low economic yield and productivity. An immediate action 
is required to study climate change and its impact on crop growth, yield and quality, 
as the succulent and tender vegetables are very sensitive to heat, drought and flood-
ing conditions. In order to determine the response of plants under abiotic stresses, 
there is an urgent necessity to explore the genetic basis for the mechanisms related 
to the response. To achieve better plant adaptation under abiotic stresses, physiolog-
ical challenges present in the plants need to be studied and resolved on an urgent 
basis. Scientific community must focus upon adaptation technologies and the miti-
gation strategies for the crop plants. For inducing the resistance against abiotic 
stresses and to save agriculture in the future, there is a need to propagate improved 
cultural methods, cropping schemes, and different non-conventional strategies. 
Resilient crops under heat and drought can be developed through the help of breed-
ing approaches. Certain significant strategies in the identification of the genes for 
changing climate are genome wide association studies (GWAS), genomic selection 
with high throughput phenotyping and genotyping.

Adaptation of improved vegetable production system in the changing climate 
will help in reducing malnutrition in developing nations through higher produc-
tion and consumption of quality vegetables. There is an immediate requirement 
to develop sound adaptation strategies for mitigation of changing climate on pro-
ductivity and nutritional quality of vegetables. Development of system for 
improved water use efficiency under hot and dry condition should be empha-
sised. Soil moisture can be conserved through mulching with crop residues and 
plastic mulches. In order to overcome excessive soil moisture due to flooding, 
crops can be grown on raised beds. It is necessary to identify germplasm with 
tolerance to high temperatures, drought and other climatic hazards, with the abil-
ity to produce higher yield. Genetic population developed to identify and intro-
gress genes providing resistance to climatic stresses and to generate the tools for 
genetic engineering. It is necessary to continuously enhance conservation agri-
culture and to protect vegetable crops from extreme environmental conditions in 
the developing countries. Technical, socioeconomic as well as political consider-
ations must be included in an effective extension tactic that needs to be in place. 
Finally, the key components of a sustainable adaptation strategy to climate 
change are capacity building and education.

R. Kumar et al.
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Chapter 7
Impact of Climate Change 
on Underexploited Vegetable Crops 
Production and Mitigation Strategies

Hemant Kumar Singh, Shashank Shekhar Solankey, Pankaj Kumar Ray, 
Prakash Singh, Md. Shamim, Raj Narain Singh, and Anjani Kumar

Abstract Several underexploited species, because they are hardy and naturally 
able to grow in harsh conditions, can be used as alternatives to staple crops in places 
where temperature (cold/heat), moisture (drought/flooding), poor soil fertility, soil 
salinity, and other factors limit crop production. Better crop resilience in the face of 
biotic and abiotic challenges under the changing climatic situation may be achieved 
by greater usage of these vegetables, which will contribute to diversity in agricul-
tural production systems. Because they are in high demand locally and can be grown 
commercially in either rural or urban settings, these underutilised vegetables pro-
vide prime opportunities for increased utilisation of crop biodiversity in horticul-
ture. The underexploited species are also adapted to many tropical conditions, 
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diseases and pests. Therefore, they can be a prominent genetic resistance source for 
cultivated species against various pests and diseases. These species have vast 
 potential for sustainable yield and better income generation. A number of species, 
including the yam (Dioscorea esculenta), caahua (Chenopodium pallidicaule), 
bambara groundnut (Vigna subterranea) and tepary bean (Phaseoulus acutifolius) 
are being cultivated as substitute crops for various regions around the world because 
of adapted to semi-arid environments. These neglected and underutilized species 
NSU are more durable and more suited to grow in marginal environments than con-
ventional staple crops, offering cost-effective and practical food production alterna-
tives. This issue features indigenous and minor veggies that reduce hunger, 
malnutrition, and improve health. It may also help academics, researchers, and 
farmers.

Keywords Underexploited vegetables · Temperature · Moisture · Salinity · Stress · 
Biodiversity

7.1  Introduction

Vegetable crops that are neither extensively traded nor produced on a commercial 
basis may be considered underused. Vegetables are usually herbaceous and succu-
lent in nature so far, easily affected by abiotic as well as biotic stresses with minor 
changes in the climate (Solankey et al. 2021). Underutilized vegetables are those 
that have been used historically but are not well recognised or appreciated for their 
fruit, fibre, fodder, oil, or medicinal characteristics. Despite India’s various agro- 
climatic conditions, which are conducive to cultivating a total of sixty (60) common 
and thirty (30) less common vegetable crops are grown, little focus has been paid to 
underexploited vegetables (Kumar et al. 2018).

The Indian subcontinent has one of the richest emporia in the world, with more 
than 2500 plant species that are used in traditional medicine and are also sources of 
food. One of the most abundantly endowed with a wide variety of genetic resources 
is the Indian subcontinent. Only roughly 200 of the over 2.5 million species of flow-
ering plants found throughout the globe are known to have been domesticated, 
despite the fact that about 3000 of these species are considered to be sources of 
food. It is estimated that there are over 400 different species of vegetable crops 
across the world. It is believed that approximately 80 different species of major and 
minor vegetables first appeared in India.

However, these species have the potential to provide nutritional security, health, 
income and environmental benefits that are now being underutilised. The consump-
tion of such foods is frowned upon in certain societies. As rich stores of vitamins, 
minerals, protein, and other plant nutrients, indigenous vegetables and underused 
legume crops might play an important role in attaining nutritional security. For sus-
tainable food production, underutilised traditional vegetables like African night 
shade (Solanum scabrum), Amarnath (Amaranthus Spp.), Asian brinjal (Solanum 
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melogena), African brinjal (Solanum aethiopicum), Malabar spinach (Basella alba), 
Drumstick (Moringa oleifera), Water spinach (Ipomoea aquatica), Winged bean 
(Psophocarpus tetragonolobus) as well as many gourd species lessen the environ-
mental influence of food production. These resilient crops have evolved to restricted 
soil and environment and need little inputs (Hughes and Ebert 2013).

In India, children under the age limit of 3–4 years are most likely to suffer from 
malnutrition deficiency disease. People in the area have been eating underutilised 
vegetable crops for a long time, and they are knowledgeable of the nutritional and 
therapeutic benefits these crops provide. These are inexpensive and may be obtained 
easily. Evidently, research and conservation efforts pertaining to these crops of 
healthy vegetables that are extensively eaten have paid comparatively little attention 
to them. One example of the latter is the cultivation of underutilized indigenous 
vegetables, which are better able to adapt to changes in the local climate. In addition 
to protecting impoverished rural children in India, especially those under the age of 
three to four, from malnutrition deficient illness, these crops are resilient to a wide 
range of weather and soil conditions. UNFCC defined climate change as “a change 
of climate which is attributed directly or indirectly to human activity or due to natu-
ral variability”. People are aware of the nutritional and therapeutic advantages of 
underutilised vegetable crops, which have an ancient historical background of 
local usage.

Uncultivated but edible plant species have provided a means of subsistence for 
the poor for generations, but they face an uncertain future as a consequence of cli-
mate change threats such as shifts in rainfall patterns, temperature, relative humid-
ity, radiation, the weeds-pests-diseases complex, and overall changes in the trends 
of climatic elements. If you want to understand through the Fig. 7.1 given below, 
then it is clear that the problem caused by climate change should be diagnosed in 
time and take action. The interconnection of climate, ecosystems, biodiversity, and 
human societies (Fig. 7.1) incorporates natural, ecological, social, and economic 

Fig. 7.1 From climate risk to climate resilient development: climate, ecosystem (including biodi-
versity) and human society as coupled system (IPCC 2022)
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sciences more than prior IPCC 2022 assessments. Climate change consequences, 
hazards, and adaptation are assessed against non-climatic world trends.

Main interaction and trends b. Options to reduce climate risk and establish 
resilience.

Temperature, rainfall, relative humidity, atmospheric gas composition, etc., over 
a extensive time period and bigger geographical region. Risk, which combines 
effect size and likelihood, incorporates uncertainty in climate change, exposure, 
impacts, and adaptation. Rising temperatures, shifting precipitation patterns, 
increased UV radiation, and more severe weather events like droughts and floods 
are serious challenges to tropical vegetable production (Tirado et al. 2010). Vegetable 
crops are vulnerable to climate vagaries, and rapid temperature rises and erratic 
precipitation may disrupt normal growth, blooming, pollination, fruit development, 
and crop output (Afroza et al. 2010). Climate change and its fluctuation affect agri-
culture, notably vegetable crops. Short growing seasons may reduce fruit and veg-
etable yield due to heat stress and low water availability. Climate change and 
fluctuation have increased uncertainties and dangers, limiting vegetable output. 
Climate change may raise vegetable prices. Climate change promotes the spread of 
infections and the emergence of novel insect pests, fungal, bacterial, and viral ill-
nesses. To address expanding needs in a world of diminishing land, water, and cli-
mate change, location-specific and knowledge-intensive climate-smart vegetable 
treatments are required (Malhotra and Srivastva 2014). This paper reviews climate 
change‘s effects on vegetable production and management. India’s climate and soil 
are ideal for growing a variety of underexploited vegetables. Consequently, the 
Indian government has taken certain initiatives to raise awareness about underex-
ploited vegetables. Some GOs and NGOs have been working to enhance the pro-
duction of underused vegetables through various development programmes. We can 
therefore conclude that the production of underutilised and phytochemistry vegeta-
bles will meet the shortage of per capita consumption availability and thus solve the 
nutritional problems while also creating employment and raising the income gen-
eration of rural society and finally contributing to the national economy.

7.2  Vegetable Production and Management Practices 
in the Face of Climate Change

7.2.1  Impact of Climatic Changes on Underexploited 
Vegetable Production

High temperatures, limited water availability, floods, and salt are all limiting prob-
lems in vegetable output, according to several workers. Vegetables are typically 
vulnerable to climatic extremes; as a result, high temperatures are the primary cause 
of poor yields, and the effects of climate change will only be exacerbated in the 
future. Climate change, particularly increasing carbon dioxide (CO2) concentrations 
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and rising temperatures, may have a significant impact on the status of a pest spe-
cies. Temperature affects insect pests together with CO2. Climate change may also 
harm natural enemies. As the world warms, understanding the population dynamics 
of plant insect-pests and their natural enemies in traditional vegetable production 
systems will be a critical and basic problem. Indigenous minor vegetable crops 
(locally used underutilised vegetable crops), especially green vegetable crops, and 
trait-specific germplasm require more study.

Prolonged drought and increasing pest infestations are two of the detrimental 
effects of climate change on farms and crops, which in turn has serious economic 
consequences (Bifulco and Ranieri 2017). While most agricultural products suffer 
as a consequence of climate change, vegetables are more vulnerable due to their 
short production cycles and herbaceous nature (Abewoy 2018). (Prasad and 
Chakravorty 2015). While indigenous veggies play a crucial part in creating a 
climate- resilient route, there is a lack of data on both the quantitative and qualitative 
levels to back up this claim (Padulosi et al. 2011; Pachauri et al. 2014; Chivenge 
et al. 2015). Underutilized indigenous vegetables (UIVs) may play a vital role in 
climate-resilient vegetables, despite their limited percentage of agro-food systems 
(Scheelbeek et  al. 2018). The expected detrimental effect of climate change on 
indigenous vegetables cannot be disregarded, and more recent study demonstrates 
that the influence of climate change on indigenous vegetables is both beneficial and 
bad in a qualitative sense (Chepkoech et al. 2018).

7.2.1.1  Temperature

According to the IPCC (2014), significant climate change has already happened 
since the 1950s and the second half of this century is projected to see a rise in global 
temperature of 0.4–2.6 °C (depending on future greenhouse gas emissions). This 
high temperature is the cause of erratic rainfall pattern, melting of arctic glacier, 
higher sea level, appearance of severe droughts, storms, salt-water and floods inun-
dation, varied wind patterns, heat waves, changes in ocean currents, acidification, 
forest fires and induce hole in ozone (Minaxi et al. 2011; Kumar 2012) have been a 
major threat for vegetable production in the tropical and arid zones (Tirado et al. 
2010; Abdelmageed et al. 2014).

A greater contribution of greenhouse gas (GHG) emission is from agriculture 
and allied sectors. These emissions might rise even more in the future, if intensive 
agricultural practices will be performed as well as rising demand for animal prod-
ucts. Between 2005 and 2050, the demand for livestock-related goods is predicted 
to increase by 70%. Extreme heat and dryness during crop blossoming may limit 
output gains in certain places. Gradual temperature and CO2 rises may improve 
agricultural yields.

Heat waves may lead to heat stress in both plants and animals, which has a det-
rimental effect on how much food is produced. When the plants are in the blooming 
stage, which is a single, crucial stage, extreme heat waves are very bad for crop 
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output since they may result in no seeds at all. Heat stress in animals may reduce 
their fertility and production. Lettuce plants form premature flowering and seeds 
without forming heads when get exposure to higher temperature (21°–27 °C). In 
general, leafy vegetables, which are typically found growing wild or as weeds, are 
simple to cultivate, have minimal production costs, and provide a high yield. 
Because they are highly resistant to the effects of climate change and one of the 
least expensive vegetables now on the market, they may be accurately defined as a 
crop that is both climate smart and nutrition smart, and they should be promoted and 
exploited on a worldwide scale. India is the home of a large number of leafy vege-
tables, such as Moringa oleifera, Basella alba, Murraya koenigii, etc., as well as a 
number of other green vegetables that are less well-known and are only available 
during specific times of the year. However, most of vegetables require optimum 
temperatures of 25 °C. Optimum temperature lies between maximum and minimum 
temperature range presented in Table 7.1. Extreme temperature above 40 °C causes 
desiccation whereas temperature below 0 °C witness chilling and freezing injury in 
many vegetables.

Higher temperatures other than optimum witness affect the development of tran-
sition phase like leafy head, bulb, tuber, fleshy stem, fleshy root, head and curd and 
malfunction in reproductive growth that leads to poor flowering and seed setting 
cruciferous vegetables (Wheeler et al. 2000). Higher temperatures faster the devel-
opment rates resulting improper organ development in vegetables e.g., transition 
phase have undesirable traits (Table 7.2). Warm temperatures throughout all seasons 
can interfere the chilling requirements in temperate vegetables. With global warm-
ing, winter dormancy may be inhibited which may results in reduced yield and 
quality in many vegetables.

Table 7.1 Maximum and minimum temperature for production of underexploited vegetables

Temperature (°C) Vegetables

Maximum
32 Zucchini, Squashes and Sweet Corn
30 Leeks and Shallots
27 Beans
24 Swede, Parsnip, Lettuce, Celery, Cabbage, Brussels Sprouts 

and Artichokes
Minimum
5 5 Spinach, Beetroot, Brussels sprout, Parsnips, Turnips and 

Swedes
7 Artichokes, Celery, Leeks, Shallots and Lettuce
10 Zucchini, Butter squash and Beans
12 Sweet corn

Adapted from Maynard and Hochmuth 1997
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Table 7.2 Impact of high temperature for minor vegetables

Degree of 
sensitivity Vegetables Effect due to prolong period

Very sensitive Brussels 
Sprout

Hollow stem, leafiness, absent of curd, poor quality heads, 
blindness, brown head, uneven cluster development, loose 
clusters

Sensitive Beans Poor pollen viability, improper pollination, abscission of flower 
buds fibrous pod

Persnip Inferior root quality
Lettuce Thermo-dormancy of seeds Bolting, loose heads, bitterness, tip 

burn, small & light heads,
Celery Less quality stems Garlic Cool season crop effected
Leek Cool season crop effected

Tolerate Squashes Improper pollination
Shallot Tolerate
Parsley Tolerate
Asparagus Fibrousness, feathering, delayed spears growth and over 

branching
Sweet corn Pollen blast, poor pollination and fruits set on cob

Modified from Pramanik et al. (2020)

Table 7.3 Effect of low temperature on minor vegetables

Degree of 
sensitivity Vegetables Effect due to prolong period

Very sensitive Beans Pitting and russeting, poor root system, reduced 
photosynthesis and yield.

Zucchini & Button 
squash

Decay, especially Alternaria rot

Sweet corn Poor germination, and low percentage emergence
Sensitive Lettuce Russeting, Anthracnose, external frost damage, 

external cracking
Moderate 
tolerance

Chard Poor germination, and low percentage emergence
Snow peas 6 weeks after emergence and flowering
Celery 8 weeks after emergence and blooming
Parsley Effect of all parts of plants
Leek 10 weeks after emergence
Parsnip Emergence stage
Asparagus Dull, gray-green, limp tips

Modified from Pramanik et al. (2020)

7.2.1.2  Impact of Low Temperature on Vegetables

Plants suffer low temperature which includes chilling and freezing temperature and 
the extent of damage varies considerably according to different of crops. Vegetables 
suffer chilling injury with temperature ranges from 0 °C–10 °C and freezing injury 
below 0 °C which cause significantly damage to crops (as presented in Table 7.3). 
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Tropical and subtropical vegetables are most sensitive to chilling and freezing 
injury, even with small exposure to freezing conditions, whereas temperate vegeta-
bles often tolerate to mere freezing condition unless it is too severe. Lettuce (Lactuca 
sativa) is a cool season crop that requires a cool and damp environment (Table 7.3). 
Temperatures below 24 °C in sunny circumstances are ideal for growth and devel-
opment and the production of high-quality lettuce. A minimum average temperature 
of 18 °C is required for effective lettuce cultivation.

A study found that night temperature is more important than day temperature in 
floral induction and bolting. By experiencing night temperatures of 21 °C as opposed 
to 16 °C, lettuce var. Iceberg flowers 21 days early. Some varieties with such geno-
typic composition are resistant to bolting, while experiencing greater night tempera-
tures of more than 15 °C. Though lettuce evolved in temperate regions of the globe, 
cold temperatures around 0 °C are particularly damaging to growth and develop-
ment, resulting in damage or delayed maturity as a consequence of chilling injury, 
resulting in a drop in yield or crop failure. Wurr et al. (1996) discovered that increas-
ing the temperature from 16.3 to 21.1 °C causes early faster growth rates and shorter 
crop duration, reducing lettuce output by 17 percent. Premature seed head develop-
ment begins with a quick increase in temperature over the ideal temperature, result-
ing in lower quality heads and low yields. Temperature has a good effect on lettuce 
seed germination. Lovatt et al. (1997) discovered that soil temperatures over 24 °C 
limit seed germination in lettuce, while soil temperatures above 30  °C severely 
inhibit germination. Kretschmer (1978) discovered that temperatures ranging from 
15 to 20 °C resulted in the greatest percentage germination (90%) in lettuce. High 
soil temperature and relative humidity are closely connected to Ca availability, 
resulting in deficiency and tip burn in lettuce.

Thompson (1986) discovered that with crucial weather variance, sweet corn fails 
to provide optimal output, but normal or below-average temperatures in late sum-
mer produce the highest yield. Sweet corn plants that are exposed to ideal tempera-
tures, especially during the silking and tasselling stages, produce more (Commuri 
and Jones 2001). Shaw (1983) discovered that higher temperatures over 32  °C 
reduce sweet corn yields by more than 4% each day for a period of up to 3–4 weeks 
after pollination. Ledencan et  al. (2008) found that extreme drought and heat 
reduced kernel water and sugar content.

7.2.1.3  Impact of Flood

Vegetables, particularly those with shallow root systems, are very vulnerable to 
floods. More than a third of the world’s irrigated land is flooded. Heavy rain, 
improper irrigation, unlevelled land, poor drainage, or heavy soil may cause it. The 
majority of vegetables, particularly those with shallow root systems, are very deli-
cate and easily damaged by water. In low-lying, rain-fed regions, waterlogging is a 
significant issue that has a negative impact on the growth and production of crops. 
Oxygen deprivation is the primary factor that contributes to damage caused by 
water logging. Because oxygen deprivation inhibits nutrient and water absorption, 
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plants begin to wilt even when they are surrounded by an excessive amount of water. 
When circumstances are waterlogged, plant roots must work harder to get oxygen 
since the air in the soil has been replaced by water. Therefore, drowning substan-
tially inhibits root respiration, making it difficult for roots to continue their normal 
activities of nutrition and water intake. This results in necrosis of the root, which 
opens the door for infection with pathogens carried by the soil (Decoteau 1988). 
The severity of the symptoms associated with flooding rises as temperatures rise; 
quick withering and mortality of tomato plants are often seen after a brief high tem-
perature when period of flooding is present (Kuo et  al. 1982). Diseases become 
more severe as a result of flooding. Discoloration, root rot, and plant mortality 
before their time are signs of sick roots. The injury limits the root systems’ capacity 
to acquire minerals or carry out other crucial tasks for the shoot. The two wide-
spread illnesses Phytophthora and Pythium are the ones that harm roots in poorly 
drained soil the most. During the second, third, and fourth days after flooding, pea 
plant roots were found to have higher ABA concentrations, which caused the sto-
mata in the leaves to partly shut (Zhang and Davies 1987). To get into the mesophyll 
cells where it may be utilised for photosynthesis, CO2 must first diffuse into those 
spaces within the leaf via the stomata. The light-independent processes are stopped 
when the stomata shut because the CO2 levels in the leaf decrease quickly. After 
then, photosynthesis is stopped. According to research by Igwilo and Udeh (1987) 
on the effects of water stagnation on yam (Dioscorea spp.) vines over 24, 48, and 
72 hours, the leaf degeneration progressed from newly developing lesions on the 
lower leaves to necrotic patches to full necrosis. When asparagus (Asparagus offici-
nalis L.) plants were continually flooded for 48 hours after being transplanted at 2 
and 3 weeks, compared to two 8-hour floods separated by a 16-hour drainage phase, 
the growth and survival of the transplanted seedlings were delayed (Falloon et al. 
1991). When anaerobic conditions continue for many days, the chemical character-
istics of the soil also alter. After that, when the water level recedes, the lower leaves 
lose their chlorophyll, crop development is halted, and surface root growth multi-
plies. The leaf is also particularly susceptible to waterlogging; during a period of 
waterlogging, alterations in the leaf’s respiration, chlorophyll concentration, and 
photosynthetic assimilation have been observed. Under waterlogging circum-
stances, chlorophyll fluorescence properties in particular are often affected. After 
5 days of flooding, the bitter melon’s respiratory capacity was just 28% of what it 
was before the floods (Liao and Lin 1995). Under anaerobic circumstances, plant 
transpiration is impacted, and prolonged water logging causes root death from a 
lack of oxygen.

A key issue for vegetable farmers during the rainy season in tropical regions 
where high temperatures during the daytime cause quick withering and death of 
plants is to mitigate the effects of floods. Grafting onto the rootstock of Solanum 
melongena improved tomato disease and flooding tolerance (Palada and Wu 2007). 
Reversing soil erosion, rebuilding degraded land, improving drought and floods 
resilience, increasing water use efficiency (WUE), water conservation techniques 
and agro-genetic biodiversity all contribute to organic farming’s ability to adapt to 
climate change (IAASTD 2008; IFOAM 2009).
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7.2.1.4  Impact of Drought

The principal causes of agricultural drought include a lack of precipitation, high 
temperatures, and/or winds that are above normal, all of which induce moisture loss 
from soils and plants. Drought‘s impact on agricultural productivity is influenced by 
a wide range of factors, including social and ecological vulnerabilities, the avail-
ability of irrigation, the types of crops grown, and other factors. Because of the 
sensitivity of vegetable production and their inherent weakness, smallholder farm-
ers are particularly vulnerable. In vegetable cultivation, drought and water stress 
have been highlighted as key constraints. Drought in agriculture occurs when soil 
water availability to plants in a given location drops below a level that is inadequate 
for crop development and growth, and consequently negatively impacts the final 
crop production. Succulent fruits and vegetables, by definition, contain more than 
90% water. Succulent leafy crops like amaranthus, palak, and spinach are hard to 
grow in a dry climate, thus farmers are forced to compromise on quality and quan-
tity (AVRDC 1990). Consequently, the quality and output of vegetables are highly 
influenced by water; drought circumstances have a significant impact on vegetable 
production. Drought length, severity, and timing all have a role in how much of an 
impact drought has. When water stress occurs, electrolyte leakage, leaf relative 
water content, chlorophyll content, vegetative development, and fruit output and 
quality are all significantly reduced. While enlarging storage organs (root or bulb), 
drought stress may negatively affect both the production and quality. Most suscep-
tible to drought stress are cucumbers, melons, pumpkin and squashes (including 
lima and snap), lima bean snap beans peas peppers, sweet corn, and tomatoes. As a 
result, water shortages, particularly during the vegetative development phase, have 
the potential to significantly impact yields and quality of vegetables (Table 7.4).

Dryness stress during flowering and fruit setting affects fruit quality and quantity 
as well as yield by decreasing the number of fruits and seeds, with the latter result-
ing in a reduction in overall output. Water deficit conditions have an impact on the 
physiological processes that are primarily responsible for plant growth and develop-
ment. Plants display a variety of drought stress defence mechanisms at the molecu-
lar, cellular, and whole plant levels. In order for a plant to thrive, it must get the right 
amount of water. Rain and irrigation are the primary methods of supplying water to 
most soils. When water is scarce, crops are only watered when absolutely necessary. 
The following crops must be watered at certain times throughout their growth cycle.

For instance, Luoh et al. (2014) discovered that in situations of water stress, the 
fresh edible yield of three AIVs is decreased. Additionally, indigenous foods like 
amaranth have been shown to be drought tolerant (Van den Heever and Slabbert 
2007). Given that the major mechanism of drought adaptation for stress recovery 
was likely a change in stem biomass, breeding for characteristics associated with 
drought tolerance should focus on dark-adapted quantum yield (Fv/Fm) with a rich 
source of genetic variety (Jamalluddin et al. 2021). According to a study by Sambo 
(2014), unused crops might provide scientists a plentiful source of genetic material 
for modifying. It is possible to develop strong, drought-tolerant crops using this 
genetic material. Recent research suggests that these underutilised native crops 
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Table 7.4 Critical stages of drought stress and its impact on vegetable crops

Impact of water stress
Critical period for 
watering Vegetables

Toughness of leaves, accumulation of nitrates and poor 
foliage growth.

Throughout growth 
and development of 
plant

Leafy 
vegetables

Reduce spear size and quality as well as increased fiber 
content, results tougher, lower quality spears.

Spear production 
and fern (foliage) 
development

Asparagus

Toughness of leaves, stunted plant growth, burning of tip. Consistently 
throughout 
development

Lettuce

Leaf become slight greyish cast, blossom drop, poor seed 
viability.

Pollination and pod 
development

Lima bean

Inadequate moisture levels results blossoms drop as well as 
sett pods fail to fill and poor seed viability.

Flowering and pod 
enlargement

Snap bean

Tassel and shed pollen before silks on ears are ready for 
pollination, lack of pollination and fertilization results 
missing rows of kernels, poor yields, or even eliminate ear 
production as well as poor seed viability.

Silking, tasselling 
and ear development

Sweet corn

Adapted from Bahadur et al. (2010) and Kumar et al. (2012)

might survive in places with limited water resources, and that their untapped poten-
tial could hold the key to the future security of food and nutrition (Mabhaudhi 
et al. 2016).

Especially in the major areas of each crop’s diversity, there are a number of 
neglected and underutilised species (NSU) that have long been used for food by 
traditional populations. Although globalisation of food systems has led to a homog-
enization of crops cultivated throughout the globe at the expense of practice, it has 
also directed to introductions of crop in nations outside of the traditional areas of 
variety (Khoury et  al. 2016). Therefore, nations use “foreign crops” that were 
brought from locations with a different diversity profile than their own, showing that 
introduction of crop is a process that has occurred throughout the history of culti-
vated crops. Therefore, it is important to support and promote research on neglected 
and underutilised species to learn more about their usefulness and to advocate their 
usage as other crops to develop more resilient cropping systems. Cowpea (Vigna 
unguiculata), quinoa (Chenopodium quinoa), millet (Pennisetum glaucum), buck-
wheat (Fagopyrum sp.) and sweet potato (Ipomoea batatas), research showed that 
certain plants can adapt to water scarcity, and they’ve subsequently been introduced 
as commercial crops. (Table 7.5). Exploring and introducing these NUS into agri-
cultural systems in different regions around the world is a testament to the global 
efforts surrounding them, proving their importance as a strategy for future needs 
relating to nutritional enhancement, crop diversification and adaptation to changing 
climates.

A highly varied agricultural production system is efficient for supporting food 
and nutritional security in water-scarce regions is made possible by fully realising 
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Table 7.5 Neglected and underutilized species introduced as drought-tolerant crops in several 
countries

Origin of crop Vegetables Registered variety by countries

Andean region (Risi 
and Galwey 1984)

Quinoa (Chenopodium quinoa 
Willd.)

France & Germany (1), Australia & 
Ukraine (2), USA (3), Denmark & 
Canada (4) Netherlands (5), (Jacobsen 
2017 and UPOV 2020)

American highland 
tropical and 
subtropical regions 
(Di Fabio and 
Parraga 2017)

Amaranth(Amaranthus cruentus 
L., Amaranthus 
hypochondriacus and 
Amaranthus caudatus L.)

Germany (1 Ah, 1 Acr), Russian (7 Ah, 
8 Ac, 6 Acr), Slovakia (1 Ac, 2 Acr), 
Romania (1 Ac, 1 Acr), Ukraine (1 Ac), 
Czech Republic (1 Acr), The 
Netherlands (1 Ac), Poland (2 Acr), 
New Zealand (1 Acr) (UPOV 2020)

Southern Africa 
(Padulosi and Ng 
1997)

Cowpea (Vigna unguiculata) Poland (1), Portugal (1), Bulgaria (2), 
Romania (3), Korea (4), Moldova (6), 
Turkey (7), China (7), Australia (8), 
Brazil (13) (UPOV 2020)

North of South 
America and central 
America (Munoz- 
Rodríguez et al. 
2018)

Sweet potato (Ipomoea batatas) Romania (2), Switzerland (3), Ukraine 
(4), Slovenia (8), Israel (11), South 
Africa (29), China (42), USA (89), 
(UPOV 2020)

Andean region 
(Atchison et al. 
2016)

Andean Lupin (Lupinus 
mutabilis)

Czech Republic (1), The Netherlands 
(1), Germany (1) (UPOV 2020)

Adapted from Rosero et al. (2020)

the promise of NUS (Singh et al. 2020). A number of species, including the teff 
(Eragrostis tef), yam (Dioscorea esculenta), drumstick (Moringa oleifera), taro 
(Colocasia esculenta), tepary bean (Phaseoulus acutifolius) and canahua 
(Chenopodium pallidicaule). Due to their natural adaptability to arid semi-arid 
locations (centre of origin or diversity), among others, might serve as alternative 
crops for different places throughout the world (Khoury et al. 2016) to contribute to 
better agricultural diversification and water-efficient farming practises.

The precise water management of individual plants is a key aspect of our sys-
tem’s complicated phenotyping technique. This was accomplished via the use of 
computer-controlled irrigation systems to keep the soil water capacity at a predeter-
mined level (20 and 60 percent for water limited and well-watered conditions, 
respectively). Using this method, it was feasible to keep track of how much water 
each plant used over time. Our plant phenotyping platform’s computer-controlled 
water delivery system was used to provide regulated watering conditions (Cseri 
et al. 2013; Feher-Juhasz et al. 2014). Mulching, proper watering, appropriate nutri-
ent delivery, the use of rhizobacteria that promote plant development, and the choice 
of climate-resistant cultivars are some of the treatments and management techniques 
being utilised to alleviate drought stress.
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7.2.1.5  Impact of Salinity

Most crops, including vegetables, cannot be produced in many parts of the globe 
due to excessive soil salt content, especially in arid and semi-arid environments 
(FAO 2002). Globally, 20 percent of cultivated land and 33% of irrigated land are 
damaged and degraded by salinity, which is a serious issue for agricultural produc-
tion. About 950 million hectares of land in arid and semi-arid areas are salt-affected 
due to natural and anthropogenic causes (Aronson 1985). Many agricultural crops, 
including most vegetables, which are especially sensitive during the plant‘s ontog-
eny, suffer from excessive soil salt, which lowers their yield. Allium species—with 
the exception of chive—are grown for their bulbs and sometimes the base of the 
flattened leaf blades. For garnish and flavour, chive is only utilised in the leaf blades. 
Onion, garlic, leek, and chive are often thought to be salt sensitive based on produc-
tion loss, although only onion and garlic have strong evidence (Fig. 7.2) Shannon 
and Grieve (1999). Most vegetable crops have poor salt tolerance (ECt; 1 to 2.5 dS 
m-1 in saturated soil extracts), and when salty water is used for irrigation, this salt 
tolerance reduces.

Plants respond to salt in a variety of ways, including changes in morphology, 
physiology, and metabolism. Plants‘rates of photosynthesis and respiration were 
lowered. Protein, fatty acid, and total carbohydrate concentrations were all reduced 
by salinity, while the concentration of amino acids, notably proline, was signifi-
cantly elevated. At the cellular, tissue, and whole-plant levels, halophytes are 
responsive to salinity (Aslam et al. 2011). When it comes to salt stress, halophytes 
have the finest germplasm and can flourish in very salty circumstances (Mishra and 
Tanna 2017). Osmotic and oxidative stress may harm plant development in salty 
soils across the globe, affecting agricultural yields in the process (Joseph et  al. 
2011). Due to the presence of harmful ions, salt causes water and ionic imbalance 
in plants. Salt stress stunts plant development and darkens the leaf colour (Rani 
et al. 2019). The vast majority of vegetable crops have a limited tolerance for saline 
water that is regularly administered to them. Crops may be sensitive, moderately 

Fig. 7.2 Salt tolerance of 
several vegetable species 
as rated by the salinity 
threshold and percent yield 
decline (Shannon and 
Grieve 1999)
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Table 7.6 Vegetable crops tolerant to salinity (ECe dS/m)

Sensitive crops 
(Up to 4) Semi-tolerant (4–6) Tolerant crops (6–8)

Bean, fennel, 
radish, celery, 
peas, brinjal,

Carrot, onion, cauliflower, muskmelon, 
chilli, water melon cucumber, pumpkin, 
okra, potato, bottle gourd, lettuce, bell 
pepper, artichoke

Fennel, palak, spinach, turnip, 
carrot, bitter gourd, onion (seed 
crops), cabbage, beet root, 
asparagus

Modified from Maas et al. (1990) and Hanson et al. (2006)

sensitive, moderately tolerant, or tolerant to salt. Last are unsuitable crops. Most 
vegetable crops are environmentally sensitive (Maas et al. 1990 and Hanson et al. 
2006) Table 7.6. It has long been believed that asparagus is the vegetable crop that 
can tolerate salt the best.

7.3  Conclusion

Strategies for mitigating technologies that are climate-resilient Several attempts 
have been launched to reduce the potential effects of climate change on vegetable 
production as well as on the national economy. Vegetable crop genetic improvement 
is a suitable adaptation method to face the challenges of climate change. Wild rela-
tives are a significant source of genes and gene complexes that must be assessed and 
exploited with the right methods and instruments in the context of climate change. 
More focus should be put on trait discovery than on trait specific assessment in 
order to enhance the use of germplasm. In this study, we looked at two techniques 
to enhancing crops’ resistance to water scarcity: I bringing underutilised and 
neglected species into cropping systems, and (ii) exploiting natural drought stress 
tolerance genes discovered in crop wild relatives and landraces. To combat harsh 
climatic pressures, they include effective management techniques, steps to increase 
water and nutrient usage efficiency and biological nitrogen fixation, genotype selec-
tion for greater adaptability, and genetic engineering. methods in management to 
increase vegetable output. Another method of using plant biodiversity to combat 
climate change is by grafting a sensitive scion cultivar onto a resistant rootstock. 
Agronomic techniques including mulching, organic farming, cropping systems that 
sequester carbon, and agroforestry provide a variety of potential options for mitigat-
ing the effects of climate change on vegetable production. Protected farming and 
post-harvest technologies may be important strategies for overcoming climate 
change issues. For optimal production and the development of technology for 
underexploited vegetables, awareness and information distribution about the 
impacts of soil and environmental elements at the producers and researchers are 
essential.
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Chapter 8
Impact of Climate Change on Tuber Crops 
Production and Mitigation Strategies

K. Madhusudhan Reddy, Randhir Kumar, and S. Bhargav Kiran

Abstract Indian agriculture has made quick progress toward reaching food self- 
sufficiency. Horticulture has become the finest alternative for diversification in 
order to address the needs for food, nutrition, and healthcare in addition to offering 
better returns on farmland and improved employment opportunities. With little 
investment in horticulture, India has become the world’s second-largest producer of 
fruits and vegetables, increasing production, productivity, and export. Interventions 
made by technology and development activities are responsible for this shifting 
environment. The problems we face today, nevertheless, are considerably more seri-
ous than they were in the past, and they must be resolved strategically while har-
nessing advances in science and technology. Our effectiveness in addressing 
difficulties that might require investment and coordinated efforts made in an inte-
grated manner is attested to by our past accomplishments. By the year 2050, it is 
predicted that the world’s food demand will have doubled, and research to boost 
agricultural productivity has been hailed as the solution to feeding an expanding 
global population. Although cereal crops have historically been the primary and 
preferred food source in many nations, they are currently under a tremendous deal 
of strain to meet the growing demand due to climate change, deficient soil condi-
tions, and an increase in disease and insect incidences. The greatest cereal substitute 
for now is a tuberous root crop like cassava since it can withstand extended periods 
of drought, disease, and pest pressure while still providing the poor agricultural 
communities with profitable yields. Because of these qualities, cassava is a crucial 
crop for ensuring food security in Africa. A progressive change in the existing state 
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of the climate over a few decades is referred to as climate change; for instance, the 
Sahara used to have a rainy climate and now has a dry one. Human activity alters the 
global composition of the atmosphere as well as the natural climate fluctuation 
found over comparable time periods responsible for climate change. Unpredictable 
rainfall that starts early or late, poor rainfall distribution, and little rainfall are some 
of the changes. Extremes of too hot or too cold are present as well as moderate and 
too hot or too cold temperatures. Climate change, in general, refers to long-term 
modifications in global weather patterns including temperature increases over time, 
variations in rainfall, and storm activity that may result from greenhouse effects and 
ongoing deforestation. The term “climate change” is now only used to describe 
alterations to the current climate, specifically the increase in the global average 
superficial temperature. Obviously, the climate is continually changing, and the sig-
nal that these changes are taking place can be assessed on a variety of temporal and 
spatial dimensions. Climate can be thought of as the combination of intricate 
weather patterns that have been averaged over a sizable portion of the planet and 
described in terms of both the mean of weather and attributes.

Keywords Climate change · Temperature · Mitigating tactics · Tuber crops

8.1  Introduction

Among tuber crops, potatoes are grown in India during a thermally favourable win-
dow, and the availability of this window is predicted to be significantly impacted by 
climate change. Due to climatic restrictions, thermal sensitive potato production is 
primarily restricted to the North Indian plains (approximately 80% of the region) 
when the soil is irrigated. Shortening of the actual growing season would result 
from higher temperatures at the beginning of the season. According to the early 
findings of the simulation studies, productivity in Punjab, Haryana, and Western 
U.P. is anticipated to increase by 7% and 4%, respectively, in the years 2020 and 
2050. (Singh et al. 2005). Due to the frequent occurrence of frost in these places, the 
growing season is now short. However, as winters become warmer, frost situations 
may become less frequent, resulting in longer growing seasons and increased out-
put. States like Bihar, West Bengal, and Gujarat are anticipated to see output decline 
by 2–19% and 9–55% in 2020 and 2050, respectively. This is because the winters in 
these regions are already balmy, and sharp rise in winter temperatures would have a 
negative impact on production per unit area. However, cassava and sweet potatoes 
are thought to be drought-tolerant, considerable tuber production and starch content 
reductions do occur, and responses to water deficiency stress and high temperature 
stress conditions vary among cultivars. For the growth of tubers, mild water-deficit 
stress (WDS) is beneficial. Drought in the first 3 months of cassava inhibits tuber 
start and bulking. According to studies, during the last 4 months of the crop growth 
cycle, drought conditions were observed to diminish tuber output by roughly 28–42% 
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(Ramanujam 1985). When soil moisture availability falls below 20%, sweet potato 
yields decrease, and the tuber initiation period is the most vulnerable because of its 
impact on tuber number. Water stress during the tuber initiation period causes tubers 
to lignify, which inhibits tuber growth. The Trivandrum-based Central Tuber Crops 
Research Institute has released the drought-tolerant sweet potato cultivar “Sree 
Bhadra”. While cassava can sustain vegetative growth and biomass at high tempera-
tures (33–40 °C) with adequate soil moisture, temperatures above 30 °C will have 
an impact on the synthesis of starch in tubers and the export of sucrose from leaves. 
In simulated tests run at ICAR-CTCRI, Thiruvananthapuram for yield parameters 
of sweet potatoes resulted that, yields were increased by 1.26 t/ha when the mean 
temperature rise by 1  °C between 19.24° and 20.24  °C, whereas it declined by 
0.12 t/ha when the mean temperature rise by 1 °C between 28.24° and 29.24 °C.

8.2  Effect of Temperature on Tuber Crops

The increase in size and development of potatoes are impacted by temperature. The 
stated cardinal temperatures for net photosynthesis is nearest (0–7  °C), optimal 
(16–25 °C), and superlative (40 °C) (Kooman and Haverkort 1995). The establish-
ment phase is also impacted by temperature, particularly soil temperature. Low 
temperature slows the growth of sprouts (Firman and Allen 1992). Febricity or cal-
efaction more than ideal also inhibit the growth of sprouts (Midmore and Ingram 
1984). According to reports, subapical necrosis, which stops sprout growth, is the 
cause of the decreased emergence rate at temperatures greater than those considered 
optimal (McGee et al. 1986). High temperatures will change the crop’s morphologi-
cal features, causing etiolated growth and smaller size compound leaves and 
branched leaflets, which would lower the LAI (Ewing 1997). Kirk and Marshall 
(1992) found that the rate of leaf emergence is directly related to temperature 
between the ranges of 9 and 25  °C, with no further growth happening above 
25 °C. They also found that 25 °C is the optimal temperature for leaf expansion 
(Benoit et al. 1986). Because leaves do not fully expand at very high temperatures 
as less light is reflected. Despite the fact that there was less leaf area in warm tem-
peratures, Prange et al. (1990) found that the leaf dry weight was unaffected, char-
acterising that there was less expansion of leaf. As a result, hot climate-adapted 
genotypes have reduced specific leaf area (Midmore and Prange 1991. Therefore, it 
has been anticipated in potato models that leaf expansion will increase linearly up 
to 24 °C before decreasing linearly to 0 at 35 °C (Kooman and Haverkort 1995). 
High temperatures also have an impact on stem elongation. High day time and low 
night time temperatures induce stem elongation, which is practically linear up to 
35 °C (Manrique 1990), while high night time temperatures encourage branching 
(Moreno 1985). Since yield is a function of intercepted radiation and radiation/ light 
utilisation efficiency, shorter ground-cover duration, which has been shown to posi-
tively correlate with yield, at high temperatures decreases production (Vander Zaag 
and Demagante 1987). Early establishment of a full canopy cover and maintenance 
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of it for an extended period of time guarantee increased radiation absorption and 
higher yield. Potato variety Kufri Surya can tolerate up to 25 °C night temperature, 
moreover Kufri Sheetman, Kufri Dewa is frost tolerant varieties developed by 
CPRI, Shimla. While Cassava varieties H-97 & Sree Sahya and sweet potato variety 
Sree Nandini are drought tolerant (Solankey et al. 2021).

8.3  Effect of Elevated CO2 on Tuber Crops

Increased CO2 content has been shown to have a favourable impact on growth and 
yield in controlled tests using growth chambers and open top chambers. Only a few 
negative effects have been observed. Increased CO2 had no effect on the number of 
tubers, but the mean tuber weight increased mostly because of a rise in the number 
of cells without changing the volume of cells in the tubers (Collins 1976; Donnelly 
et al. 2001; Chen and Setter 2003). But more staff have seen an increase in the num-
ber of tubers (Miglietta et al. 1997; Craigon et al. 2002). Increased CO2 concentra-
tion has been demonstrated to quicken the onset and flowering of tubers but hasten 
the senescence of leaves, according to and Vaccari et al. (2001). It was determined 
that the relationship between leaf senescence and ambient CO2 levels was linear up 
to 660  ppm. It has been shown that further high CO2 concentrations lower the 
amount of chlorophyll in leaves, especially later in the growing season following 
tuber commencement (Lawson et al. 2001; Bindi et al. 2002). Stomatal conductance 
was found to be reduced by 59% in potatoes when CO2 concentration was doubled, 
but the rise in net photosynthetic rate, which rose by about 53%, was unaffected by 
this decrease. This resulted in a 16% decrease in transpiration rate and an 80% 
increase in immediate transpiration efficiency (Olivo et  al. 2002). It has been 
reported that reducing evapotranspiration (ET) by up to 12–14% can save water 
(Olivo et al. 2002; Magliulo et al. 2003).

8.4  Increased CO2 and Temperature’s Impact on Tuber 
Crops Productivity

Without any modifications, the INFOCROPPOTATO model (Singh et al. 2005) was 
employed to know the impact of climate change on potato production. It was 
observed that at high CO2 of 550 ppm and 1 °C rise in temperature, potato produc-
tion will increase by 11.12%. However, according to the future climate predictions 
for India, the temperature will likely rise by 3 °C in 2050 and there will be a 550 ppm 
atmospheric CO2 concentration (IPCC 2007). According to this scenario, potato 
production will decrease by 13.72% in 2050. Moreover, without adaptation, the 
expected 400 ppm of CO2 and 1 °C increase in temperature in 2020 will result in a 
3.16% decrease in potato yield.
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8.5  Impact Quality of Tuber Crops

Though the quality of potatoes is expected to be significantly damaged in terms of 
marketable grade of tubers and internal illnesses, CO2 enrichment does not seem to 
counteract the negative impacts of increased temperature on tuber yield. By raising 
starch and dry matter levels while lowering glycoalkaloid and nitrate concentra-
tions, increased CO2 enhanced the quality of tubers (Schapendonk et  al. 2000; 
Donnelly et al. 2001; Vorne et al. 2001). High CO2 levels cause tubers to lose nearly 
all of their nutritional value, which raises the risk of cooking-related discoloration, 
according to Cao and Tibbitts (1992) and Fangmeier et al. (2002). (Vorne et al. 2001).

Manihot esculenta, sometimes referred to as cassava, mandioca, manioc, and 
yuca, is a perennial woody plant in the spurge family (Euphorbiaceae). Despite 
being a South American native, cassava is grown all across the tropics and subtrop-
ics. Cassava has been termed “the drought, war, and famine crop” because it can 
thrive in challenging environments (like arid soils with low fertility) and can be 
harvested whenever needed (rather than only at the end of the growing season), 
providing a reserve of food in times of famine and conflict. In addition, it has been 
suggested that cassava may be more climate change resistant than other major crops.

8.6  Cassava Production in the World

In 1961, 9.6 million hectares of cassava were used to produce 78.5 million tonnes of 
cassava, with around 44% of the production coming from Africa (FAOSTAT 2019). 
322 million tonnes of cassava were produced globally in 2017 on 26 million hect-
ares of land (FAOSTAT 2019). Despite the fact that Africa produces more than 58% 
of the world’s cassava and takes up more than 75% of the land area dedicated to its 
cultivation, the average fresh root yield of cassava is 8.9 tonnes per hectare, which 
is much lower than the global average of 11.9 tonnes per hectare and the yield seen 
in Asia (13.3 tonnes per hectare) (FAOSTAT 2019). Cassava is grown in more than 
105 nations; Nigeria, the Democratic Republic of the Congo, Brazil, and Indonesia 
are the largest producers. Smallholder farmers should expect yields of 1–10 tonnes 
of fresh roots per hectare of cassava. However, fresh root yields may be possible to 
reach 75–80  t  ha1 by adopting good agricultural practices (Anikwe and 
Ikenganyia 2017).

Cassava production has risen considerably during the past 60 years. Africa and 
Asia saw the most pronounced growth between 1996 and 2017. (Fig.  8.1a). 
Throughout contrast, cassava production increased more gradually in Latin America. 
The significant increase in the cassava production can be partially explained by an 
increase in the amount of land harvested in Africa as farmers come to appreciate the 
crop’s economic value (Fig. 8.1b), and partially by significant yield gains in Asia as 
a result of new improved cultivars and improved agronomic practises (Fig. 8.1c) 
(Aye and Howeler 2017). Cassava output and demand are expected to rise as a result 
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Fig. 8.1 Cassava production (a) area harvest (b) and yield (c) trend from 1961 to 2017. (Source 
FAOSTAT 2019)
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of the crop’s capacity to withstand drought and generate reasonable yields on mar-
ginal and low-fertility soils.Between 30°N and 30°S, ranging from tropical to sub-
tropical regions of Africa, Asia, and Latin America have considerable annual 
cultivation of cassava (M. esculenta) (Duangpatra 1988). One of the major problems 
facing the globe now is climate change. It is defined as significant deviations from 
the mean values of meteorological variables, such as temperature and precipitation, 
for which averages have been computed over a lengthy period of time. Global cli-
mate has been reportedly changed significantly in the recent decades as a result of 
increased human activity that altered the makeup of the earth’s atmosphere.

Agriculture is the industry which is mostly affected by climate change and has 
the largest economic impact due to its vast scale and severe sensitivity to climatic 
conditions. Variations in environmental factors like temperature and rainfall have a 
significant impact on crop productivity. Depending on the crop, the region, and the 
intensity of the parameter change, the effects of altered precipitation patterns, rising 
temperatures, and variation in CO2 concentration. When the temperature rises, the 
yield is observed to drop, although the impact of the increasing precipitation is 
likely mitigated or lessened.

Agricultural type, climate scenario, and the CO2 concentration affects all influ-
ence the crop productivity as seen in Iran as a result of climatic conditions. A 
decrease in precipitation or an increase in temperature has been found to consider-
ably lower farmers’ net income in Cameroon. This issue, along with poor policy-
making, has resulted in low demand for Cameroon’s agricultural exports, which has 
led to volatility in the nation’s income. The temperature in Veracruz, Mexico, has an 
effect on coffee yield, according to statistical research. It is observed that coffee 
production will not remain economically feasible for the growers in the upcoming 
years due to indications of a 34% decline in current production.

Depending on the region and irrigation method, climate change has different 
effects on crop productivity. The environment may suffer as a result of the expan-
sion of irrigated areas, which can increase crop yield. The rise in temperature is 
projected to reduce crop productivity because many crops now have shorter grow-
ing seasons. If both the temperate and tropical regions experience a warming of 
2 °C, it is projected that the combined production of wheat, rice, and maize will fall. 
Climate change typically has a higher impact on tropical regions due to the proxim-
ity of tropical crops to their high-temperature regimes and the resulting high- 
temperature stress during high temperatures.

8.6.1  Biotic and Abiotic Stresses

Furthermore, humid and warm climates are more likely to have insect pests and 
diseases. In addition to temperature and rainfall, other factors that affect agricultural 
yields include humidity and wind speed. Without these factors, it is possible to over-
estimate the climate change cost. Furthermore, it has been discovered that until 
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2100, change in the climate is anticipated to decrease China’s yields of cereals like 
wheat, maize, and rice by 18.2612.13, 45.1011.55, and 36.2510.75%, respectively.

Since the turn of the century, extreme weather events have increased in frequency 
in the Netherlands, having a considerable impact on wheat yield. The severity of the 
wheat production drop was dictated by the week in which an extreme weather 
change has been occurred.

Due to climate change, it has been predicted that there would be more droughts 
in the near future in the majority of the world’s areas, with a rise in the area impacted 
by drought from 15.4 to 44.0% by the year 2100. The region considered to be most 
vulnerable is Africa. Major crops’ yields in drought-affected areas are predicted to 
drop by more than 50% by 2050 and by over 90% by 2100.

8.6.2  Physiological Adaptation of Plant

Dramatic changes in these variables are more likely to have an impact on physiolog-
ical alterations than changes in mean climate because plant-water relations are more 
responsive to temperature and precipitation variations. Depending on the plant‘s 
species and stage of growth, different plants react differently to climatic change. 
Different plants have thresholds that are specific to each species, and each species’ 
responses—including root lengthening, changes to the angle at which roots develop, 
and decreased yield.

There was a 0.42–0.02 K raise in air temperature as a result of decreased transpi-
ration in plants and higher CO2 level in the atmosphere. The warming of terrestrial 
surfaces can be increased by 3.33 0.03 K as a result of the direct radiative effect and 
the indirect physiological effect of elevated CO2.

As atmospheric CO2 levels grow, more crops should be able to be harvested, and 
different crops will have different effects on how plants develop. In the absence of 
harsh conditions, C3 and C4 crops are forecast to consume less water even if C3 crops 
are projected to produce more. However, it’s likely that rising temperatures and 
shifting precipitation will offset these beneficial benefits of increased CO2.

8.6.3  Cassava Farmers’ Knowledge About Climate Change

According to Table 8.1’s findings, cassava farmers were distributed according to 
their knowledge of climate change, with the majority (98.2%) reporting delayed 
rainy season onset and early rainy season cessation, high rainfall (91.3%), high 
temperatures (89.1%), intense sunshine (84.0%), and longer dry seasons (52.2%). 
While few (35.2%) saw stormy weather, there were few instances of low rainfall 
(27%), a longer rainy season (13%) or severe winds (2.6%). The outcome suggested 
that a high proportion of farmers in the region were aware of global warming. This 
supports the finding that farmers are aware of climate change made by Umunnakwe 
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Table 8.2 Distribution of farmers based on information about climate change adaption measures 
from various sources

Sources of information Frequency Percentage

Extension agent 112 48.7
Research institution 24 10.4
Fellow farmers 211 91.7
Friends/relations 219 95.2
Farmers’ co-operative 10 4.3
Extension bulletins 34 14.8
Radio 228 99.1
Television programme 201 87.4
Internet 31 13.
Social organizations 16 7.0

et  al. (2014) and Arimi (2014). Implicitly, the farmers’ level of knowledge is 
expected to make them more willing to use adaptation techniques.

According to Table 8.2 results, radio accounted for the majority (99.1%) of the 
sources of information used by cassava growers when researching adaption options. 
Television (87.4%), fellow farmers (91.7%), friends/relatives (95.2%), and exten-
sion agents (48.7%) were all closely behind this. Extension bulletins (14.8%), the 
internet (13.5%), research organisations (10.4%), weather stations (7.0%), and 
farmers cooperatives (4.3%) are some additional sources. The findings showed that 
farmers accessed many information sources, which may have influenced their 
understanding of climate change and usage of adaption tactics. This supports the 

Table 8.1 Awareness and impact of climate change on cassava

Observed changes Frequency Percentage

Dry seasons are longer 120 52.2
Longer rainy season 30 13.0
There is high rainfall 210 91.3
There is high temperature 205 89.1
There is low rainfall 62 27.0
There is low temperature 25 10.9
Delayed onset of rains/early 
cessation.

226 98.2

Intensive sunshine 193 84.0
Stormy weather 81 35.3
Strong wind 06 2.6
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finding by Farauta et al. (2011) reported that mass media has a tendency to reach 
huge audiences more quickly.

8.6.4  Adaptation Strategies to Climate Change

The distribution of cassava farmers is the result of their use of climate change adap-
tation strategies, including the use of pest and disease resistant varieties (M = 2.8), 
crop rotation (M = 2.5), adjustments to planting and harvesting dates (M = 2.7), 
mulching/cover cropping (M = 2.9), increased use of family labour (M = 2.8), inten-
sive use of organic manure (M = 2.6), mixed cropping (M = 2.7), more frequent 
weeding (M  =  2.7), and changes to timing. Construction of drainage systems 
(M  =  1.6), liming/acidification (M  =  1.9), land rotation (M  =  2.3), terracing 
(M = 1.7), tree planting (M = 2.1), water storage in ponds (M = 1.7), use of weather 
forecasts (M = 1.9), joining of cooperative society (M = 1.9), use of available credit 
facilities (M = 1.9), contouring (M = 1.4), use of different tillage systems (M = 1.4 
The results showed that an average cassava farmer employed several adaptation 
techniques to lessen the consequences of climate change in the region, yielding a 
grand mean of M = 2.1. The findings of Obayelu et al. (2014), Adebisi Adelan and 
Oyesola (2013), and Enujeke and Ofuoku (2009) that farmers have not completely 
utilised the majority of adaptation techniques to climate change due to the high cost 
of these technologies were corroborated by the results. Due to the lack of informa-
tion, such as weather forecasts in the event that planting dates were changed, and the 
accessibility of extension agents to train and introduce these adaptation tactics to 
them, there was a low degree of use.

8.6.4.1  Relativity in the Use of Climate Change

Strategies for adaptability results indicated the analysis of variance test performed 
to see if farmers in the study area had different climate change adaption tactics. In 
contrast to the tabulated results (F-tab = 1.871), the test resulted in an F-cal of 1.46 
at V1 = 21 and V2 = 108 degrees of freedom, a significant value of 0.32, and a 0.05 
significant threshold. Therefore, the claim that there are no appreciable differences 
between cassava farmers’ adaptation tactics in the three zones of Abia State is 
accepted. This conclusion suggests that farmers in the three zones experienced the 
same effects of climate change and, as a result, they utilised similar practises, con-
cepts, technology, and adaptation strategies.
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8.6.4.2  Mitigation

Farmers’ assessments of the severity and hazard posed by climate change are the 
main drivers behind voluntary mitigation. The adaption is however impacted by the 
accessibility of relevant information. The number of people who are affected by 
water stress will also decline thanks to mitigating measures, but those who are still 
at risk will need adaptation measures.

In order to implement climate-resilient technology, farmers can employ both 
conventional and agro-ecological management strategies, such as crop biodiversifi-
cation, soil and water management practices.

These management techniques guarantee enhanced soil health, better soil qual-
ity, and a reduction in soil erosion, which results in resilient soils and cropping 
systems that ultimately provide food security in the face of climate change.

The educational initiatives that focus on regional, practical, and local aspects and 
can be monitored by individual behaviour are the most successful in raising aware-
ness of climate change for ecological development.

The fact, that most of the farmers favoured adaptations but only a small minority 
favoured GHG reduction shows the importance of focusing on programmes that 
have adaptation and mitigation components.

The main adaptation strategies for mitigation can be divided into three catego-
ries: resource conservation technologies, agricultural system technology, and socio-
economic or policy initiatives. Small and marginal farmers are less able to adjust to 
climate change due to a lack of information, which makes them more susceptible 
to losses.

The lack of management measures and the financial repercussions of climate 
change make African farmers particularly vulnerable.

Changes in sowing dates are just one agronomic tactic that can be utilised to 
lessen the consequences of climate change.

Crop yield loss is at its lowest when farmers in sub-Saharan Africa use sequential 
cropping methods and alter the sowing dates to suit the climate.

The agroforestry sector can lower atmospheric GHG levels and support Kenyan 
small farmers as they adapt to climate change. There are various simple techniques 
for lowering GHG emissions, such as alternative drying of rice, mid-season drain-
age, better diets for cattle, increasing the efficacy of N utilisation, and soil carbon.

The spread of technology will have a major impact on how farmers adapt to cli-
mate change. Climate change can be mitigated by using easy adaptation strategies 
like changing of planting time and variety. The primary priorities are capacity build-
ing, public research assistance, and market integration.

The study came to the conclusion that adaptation techniques are essential com-
ponents in dealing with climate change because they assist farmers in achieving 
their goals for food production, revenue generation, and livelihood in the face of 
climatic change and harsh weather. As a result, the study came to the conclusion that 
information on adaption tactics, weather forecasts, and early warning systems are 
essential for those efforts. Cassava farmers should have access to these climate 
change data so, they can adapt to the changing environment and address the issues 
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with food security that are crucial to the agendas for economic growth, sustainable 
development, and poverty reduction. Consequently, the following suggestions 
were made:

 1. Cassava producers should establish a strong association of cassava farmers so 
that they may come together to discuss the effects of climate change, adaptation 
tactics, obstacles to effective adaptation, and potential solutions to the problem. 
This is due to the fact that everyone involved must work together to combat cli-
mate change.

 2. The various levels of government must put in place deliberate policies to provide 
trainings for cassava farmers on early weather prediction/ forecasting system, 
and farmers’ access to meteorological data.

 3. The public and commercial sectors, non-governmental organisations (NGOs), 
and the media should be more actively involved in promoting climate change 
adaptation solutions through various sources, particularly the radio. This will 
encourage cassava growers to use them.

 4. For a long-term solution, the government should incorporate climate change 
concerns and adaptation strategies into the national development plan because 
the risks posed by climate change not only pose a threat to the development of 
agriculture (the food supply), but also to the overall growth and well-being of 
the nation.

 5. It’s crucial to improve the nation’s extension services so they can better advise 
farmers about farm-level adaption options and other pertinent climate informa-
tion. To raise cassava farmers’ knowledge of climate change and adaptation 
options and to encourage cassava farmers’ use of adaptation measures, extension 
agents should step up their educational campaigns, seminars, and follow-up 
visitations.

 6. It is important to clearly identify the roles of the public and private sectors, as 
doing so will make it easier to commercialise crop technology developed through 
public sector research. The ARC launched a project to coordinate cassava R&D 
in South Africa in response to the lack of coordination among the many parties 
and the crop’s growing importance. In an effort to map the future of South 
African cassava R&D and commercialization of the crop, a number of stake-
holder engagements have been organised.

8.6.4.3  Awareness and Promotion for Tuber Crops Production

Recurrent and severe droughts have an impact on the local production of staple 
foods including maize, wheat, and potatoes. Investigating alternate, climate- resilient 
solutions has elevated in importance. It is essential to increase public awareness of 
the current environmental issues and potential solutions. Symposia, conferences, 
and seminars where professionals from national and international institutions may 
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discuss their research findings on cassava should have a significant influence in 
terms of raising awareness. Key decision-makers, farmers, growers, and processors 
can use these conferences as vital platforms to acquire direct information from 
authorities in countries where cassava is a prominent crop. It is advisable to get 
funding from both domestic and international institutions.

Additionally, in order for academics, decision-makers, growers, and processors 
to comprehend the crop’s economic importance, it is crucial to use a promotional 
centre to introduce them to various cassava products.

A commodity-based association represents the entire value chain, including pro-
ducers, consumers, processors, traders, importers, exporters, input distributors, and 
transporters. These organisations may play a significant role in advocating for leg-
islative and administrative changes as well as furthering the particular interests of 
their members. The South Africa Cassava Industry Association (CIASA) was estab-
lished under the umbrella of Department of Trade, Industry, and Competition 
(DTIC) for cassava value chain address and organisation at every steps (IDC 2017). 
Despite its aggressive efforts, CIASA is currently unable to organise cassava 
research or the development of a cassava value chain in South Africa. It could be 
argued that the group was established too soon, when it lacked governmental back-
ing and a critical mass.

The CIASA needs to be strengthened and revitalised in order to adequately rep-
resent the whole spectrum of stakeholders and the SA cassava value chain. The 
CIASA constitution should be reviewed, and its mission should be clarified, accord-
ing to recommendations made during a meeting with R&D stakeholders. This will 
benefit the whole SA cassava industry, including researchers who were overlooked 
by the DTIC.  The 2016–2017 Industrial Policy action plan (IPAP), which was 
informed by consultations that resulted in the development of CAISA, contains cas-
sava starch to boost trade activities in the industrialization of cassava.

8.6.5  Market Expansion and Product Variety

Despite the fact that there is now little demand for cassava as a food in South Africa, 
there is potential to develop cassava products that are both economical and desirable 
to customers there. Brazil has developed a number of culinary items using cassava 
and has a healthy home market (Demiate and Kotovicz 2011). High-quality cassava 
flour can be used as a replacement for wheat flour and as a source of food starch for 
creating bread, pastries, cookies, and biscuits. Given the immense potential of cas-
sava in the world’s starch market, both the production of premium culinary starch 
and lower-priced industrial items ought to be given top priority. Climate change and 
global warming’s indirect effects:
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8.7  Drought

Potatoes need an adequate water supply because of their shallow root system. The 
roots of the potato plant are normally 40–50 cm deep (Beukema and Van der Zaag 
1990). Potato is quite susceptible to drought, especially at the start of the tuber, 
which causes a notable reduction in tuber output. Drought stress affects the root: 
shoot ratio and how much dry matter goes to the root, shoot, leaf, and stem depend-
ing on the stage of development of the plant (DS). The ratio of roots to shoots 
increases during a drought while the production of dry matter declines, indicating a 
shift in the growth equation in favour of roots. Additionally, roots of plants grown in 
drought-prone settings are typically weaker. Both responses enable stressed plants 
to benefit from the available resources.

8.8  India’s Regional Vulnerability to Climate Change

The entire region of the Indian plains, which is mostly used for potato irrigation, is 
in danger, the second-largest producer of potatoes in India and the state with the 
highest production, appears to be quite vulnerable. West Bengal has moderate win-
ters and a narrow “window” of appropriate growing season; any increase in tem-
perature will have a negative influence on productivity and cause issues with storage 
and post-harvest handling of food under warmer temperatures. Bihar and Uttar 
Pradesh, which make up the majority of the nation’s potato crop, are other vulner-
able states. The states of Punjab and Haryana as well as nearby regions in northern 
part of western Uttar Pradesh and Rajasthan, where winters are particularly harsh 
and frost occurs occasionally, may see some benefits from global warming.

8.9  Extreme Weather Event Observations

 1. Winter time rains experienced at planting time impact emergence, delay plant-
ing, and reduce tuber output.

 2. Heavy rains throughout the growing season that cause flooding have an impact 
on tuber yield.

 3. Heavy rains during harvest season induce rotting in the field and in make shift 
potato mounds.

 4. Early in the crop season, a evercast sky and showers always promote the attack 
of the disease known as late blight, which results in a significant decrease 
in yield.

 5. In West Bengal, Uttar Pradesh, and Bihar, the tuber yield was decreased in 2008 
due to winters that were relatively warmer.
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8.10  Measures of Adaptation to Climate Change 
and Global Warming

 1. Using crop residue as mulch for few days after planting; substituting micro irri-
gation system for furrow and basin systems.

 2. Change the cultural management of farming systems based on potatoes.
 3. Crop residue management on farms and conservation tillage.
 4. The development and expansion of cold storage facilities as well as ac transit 

between production and consuming centres.
 5. Supporting higher pest and water control costs.
 6. Weather insurance for the expensive to cultivate cash crop of potatoes. To pro-

duce ware and seed potatoes in warm climates, intensify research, teaching, and 
development in these fields.

 7. Modifying the date of planting and implementing the measures for integrated 
pest management (IPM).

8.10.1  Future Research Approaches

 1. Development of early warning for disease forecasting. Quantification of regional 
susceptibility and impact evaluation.

 2. Breeding heat-tolerant, short-lived cultivars that take advantage of biodiversity 
is a top aim.

 3. Breeding cultivars that are disease, salinity, and drought resistant.
 4. Early planning for potential relocation and the discovery of additional potato- 

growing regions.
 5. More effective agronomic management of water and fertiliser use.
 6. The creation of agro-techniques for cropping systems based on potatoes in warm 

climates.
 7. The creation of late blight and virus resistance cultivars.
 8. Adjusting the timing of chemical sprays based on the population of newly 

emerging pathogens.

8.11  Conclusion

In the past century, potatoes, which are native to temperate regions and are often 
cultivated under long-day circumstances in pleasant and chilly summers in Europe 
and America, were imported to India and adapted to tropical hot conditions. In 
India’s rather chilly winters, the crop is primarily restricted to the Indo-Gangetic 
plains. 84% of India’s total potato production is contributed by the crop planted at 
winter season in the north Indian plains. Here, the crop is entirely irrigated. In the 
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tropics, high temperatures have an impact on growth and development. High tem-
peratures decrease photosynthesis in potatoes, although tuber formation and the 
partitioning of assimilates or product of photosynthesis to tubers are more 
temperature- sensitive processes. Most diseases will likely be unaffected directly by 
the rising CO2, as many fungi that live in soil can withstand CO2 levels that are more 
than 10- or 20-fold higher. However, it’s likely that rising CO2 concentrations will 
affect plant diseases by altering the physiology and architecture of the hosts. In the 
Indo-Gangetic plains, Wart, powdery scab, black scurf, and common scab diseases 
may become less widespread as a result of global warming, but viral, late blight, 
charcoal rot, and bacterial wilt are likely to become more common. On early blight, 
it has little effect. Climate change is being highlighted by apical leaf curl virus 
infestation in the Indo-Gangetic lowlands, unexpected leaf hopper burns outbreaks 
in Gujarat in 2006–2007, and late blighting severe epiphytotic forms in Karnataka 
and Maharashtra in 2006–2007 and 2008. With an increase in temperature, it is 
anticipated that the biology of insect pests and vectors will change significantly. 
Climate change and global warming will have a huge impact on India’s potato 
growth story. These factors will have an impact on all aspects of production and 
profitability as well as seed production, storage, marketing, and processing of this 
perishable vegetatively propagated commodity. If adequate adaption methods are 
not developed for prompt application and execution, potato growth estimates in 
India may be slowed or even reversed under the impact of future climate change 
scenarios. Under future climate change and global warming scenarios, temperature 
increase and atmospheric CO2 increase simultaneously. By 2020 and 2050, respec-
tively, it is predicted that global warming will cause India’s potato production to fall 
by 3.16% and 13.72% from current levels. Climate change will have a direct impact 
on potato production, but it will also have a number of indirect implications on the 
crop’s supply, storage, use, and acreage in the future. It is crucial to regularly moni-
tor weather and climate changes as well as disease outbreaks and insect pest 
infestations.

References

Adebisi Adelan O, Oyesola OB (2013) Socio-economic factors affecting adaptation strategies 
of selected horticultural farmers to climate change in Osun state Nigeria. J Agric Biol Sci 
8(4):344–350

Anikwe MAN, Ikenganyia EE (2017) Ecophysiology and Production Principles of Cassava 
(Manihot sp) in Southeastern Nigeria

Arimi K (2014) Determinants of climate change adaptation strategies used by rice farmers in 
southwestern, Nigeria. J Agric Rural Dev Trop Subtrop 115(2):91–99

Aye TM, Howeler R (2017) Integrated crop management for cassava cultivation in Asia. In: Clair 
H (ed) Achieving sustainable cultivation of cassava. Volume 1: cultivation techniques. Burleigh 
Dodds series in agricultural science. Burleigh Dodds Science Publishing, Cambridge, p 424

Benoit GR, Grant WJ, Devine OJ (1986) Potato top growth as influenced by day-night temperature 
differences 1. Agron J 78:264–269

K. M. Reddy et al.



183

Beukema HP, Van der Zaag DE (1990) Introduction to potato production. Wageningen, The 
Netherlands, p 224

Bindi M, Hacour A, Vandermeiren K, Craigon J, Ojanperä K, Selldén G, Högy P, Finnan J, Fibbi 
L (2002) Chlorophyll concentration of potatoes grown under elevated carbon dioxide and/or 
ozone concentrations. Eur J Agron 17(4):319–335

Cao W, Tibbitts TW (1992) Temperature cycling periods affect growth and tuberization in potatoes 
under continuous light. HortScience 27:344–345

Chen C-T, Setter TL (2003) Response of potato tuber cell division and growth to shade and ele-
vated CO2. Ann Bot 91(3):373–381. https://doi.org/10.1093/aob/mcg031

Collins WB (1976) Effect of carbon dioxide enrichment on growth of the potato plant. Hortic Sci 
11:467–469

Craigon J, Fangmeier A, Jones M, Donnelly A, Bindi M, de Temmerman L, Persson K, Ojanperä 
K (2002) Growth and marketable-yield responses of potato to increased CO2 and ozone. Eur J 
Agron 17:273–290

Demiate IM, Kotovicz V (2011) Cassava starch in the Brazilian food industry. Cienc Tecnol 
Aliment 31:388–397

Donnelly A, Craigon J, Black CR, Colls JJ, Landon G (2001) Does elevated CO2 ameliorate the 
impact of O3 on chlorophyll content and photosynthesis in potato (Solanum tuberosum)? 
Physiol Plant 111:501–511

Duangpatra P (1988) Soil and climatic characterization of major cassava growing areas in Thailand. 
In: Howeler R, Kawano K (eds) Cassava breeding and agronomy research in Asia. Proc. work-
shop., 26-28 October 1987. CIAT, Bangkok, Bangkok, pp 157–184

Enujeke EC, Ofuoku AU (2009) Determinants of adaptation to climate change among arable crop 
farmers in Edo-state, Nigeria and its implications for extension service. Int J Adv Biotechnol 
Res 2(2):220–227

Ewing EE (1997) Heat stress and tuberization stimulus. Am J Potato 58:31–49
Fangmeier A, De Temmerman L, Black C, Persson K, Vorne V (2002) Effects of elevated CO2 and/ 

or ozone on nutrient concentrations and nutrient uptake of potatoes. Eur J Agron 17:353–368
FAOSTAT (2019) Food and agriculture organization of the United Nations statistics 

(FAOSTAT). FAO
Farauta BK, Egbule CL, Idrisa YL, Agu VC (2011) Farmers’ perceptions of climate change and 

adaptation strategies in northern Nigeria: an empirical assessment. African Technology Policy 
Studies Network Nairobi Kenya., pp 16–19

Firman D, Allen PJ (1992) An evaluation of small seed for ware-potato production. J Agric Sci 
118(2):185 193

IDC (2017) A study on market potential for increased industrial starch production in South Africa. 
Industrial Development Cooperation, Pretoria

IPCC (2007) Impacts, adaptation and vulnerability: contribution of working group II to the fourth 
assessment report of the intergovernmental panel on climate change. Cambridge University 
Press, Cambridge/New York

Kirk WW, Marshall B (1992) The effect of temperature on the initiation of leaf primordia in devel-
oping potato sprouts. J Exp Bot 36:1634–1643

Kooman P, Haverkort AJ (1995) Modelling development and growth of the potato crop influenced 
by temperature and day length: LINTUL-POTATO. Curr Issues Prod Ecol 3:41–59

Lawson T, Craigon J, Black CR, Colls JJ, Tulloch A-M, Landon G (2001) Effects of elevated car-
bon dioxide and ozone on the growth and yield of (Solanum tuberosum L.) grown in open-top 
chambers. Environ Pollut 111:479–491

Magliulo V, Bindi M, Rana G (2003) Water use of irrigated potato (Solanum tuberosum L.) grown 
under free air carbon dioxide enrichment in Central Italy. Agric Ecosyst Environ 97:65–80

Manrique LA (1990) Growth and yield of potato grown in the greenhouse during summer and 
winter in Hawaii. Commun Soil Sci Plant Anal 21:237–249

McGee E, Jarvis MC, Duncan HJ (1986) The relationship between temperature and sprout growth 
in stored seed potatoes. Potato Res 29:521–524

8 Impact of Climate Change on Tuber Crops Production and Mitigation Strategies

https://doi.org/10.1093/aob/mcg031


184

Midmore DJ, Ingram KT (1984) Simulation of potato crop growth and development. Crop Sci 
24:21–27

Midmore DJ, Prange RK (1991) Ann Bot 69(1):13–20
Miglietta F, Magliulo E, Bindi M, Lanini M (1997) The effect of free air carbon dioxide enrich-

ment (FACE) on potato (Solanum tuberosum L.) design and performance of the CO2 fumiga-
tion system. Glob Chang Biol 4:163–172

Moreno U (1985) Environmental effects on growth and development of potato plants. In: Potato 
physiology. Academic Press Inc, London, pp 481–501

Obayelu OA, Adepopu AO, Idowu T (2014) Factors influencing farmers choices of adaptation to 
climate change in Ekiti state, Nigeria. J Agric Environ Int Dev 108(1):3–16

Olivo N, Martinez CA, Oliva MA (2002) The photosynthetic response to elevated CO2 in high 
altitude potato species (Solanum curtilobum). Photosynthetica 40(2):309–313

Prange RK, McRae KB, Midmore DJ, Deng R (1990) Reduction in potato growth at high tempera-
ture: role of photosynthesis and dark respiration. Am Potato J 67:357–369

Ramanujam T (1985) Leaf density profile and efficiency in partitioning dry matter among high 
and low yielding cultivars of cassava (Manihot esculenta Crantz). Field Crop Res 10:291–303

Schapendonk AH, van Oijen M, Dijkstra P, Pot CS, Jordi WJ, Stoopen GM (2000) Effects of 
elevated CO2 concentration on photosynthetic acclimation and productivity of two potato cul-
tivars grown in open-top chambers. Funct Plant Biol 27:1119–1130

Singh JP, Govindakrishnan PM, Lal SS, Aggarwal PK (2005) Increasing the efficiency of agronomy 
experiments in pottao using INFOCROP-POTATO model. European Potato J 48(3):131–152

Solankey SS, Kumari M, Kumar M, Silvana N (2021) The role of research for vegetable produc-
tion under a changing climate future trends and goals. In: Solankey SS et al (eds) Advances 
in research on vegetable production under a changing climate Vol. 1. Springer Nature, Cham., 
ISBN 978-3-030-63497-1, pp 1–12

Umunnakwe VC, Pyasi VK, Pande AK (2014) Factors influencing involvement in agricultural live-
lihood activities among rural youth in Jabalpur district of Madhya Pradesh, India. Int J Agric 
Policy Res 2(8):288–295

Vaccari F, Miglietta F, Magliulo E, Giuntoli A, Cerio L, Bindi M (2001) Free air CO2 enrichment 
of potato (Solanum tuberosum L.): photosynthetic capacity of leaves. Ital J Agron 5:3–10

Vander Zaag P, Demagante AL (1987) Potato (Solanum spp.) in an isohyperthermic environment. 
I. Agronomic management. Field Crop Res 17:199–217

Vorne V, Ojanperä K, De Temmerman L, Bindi M, Högy P, Jones MH, Lawson T, Persson K 
(2001) Effects of elevated carbon dioxide and ozone on potato tuber quality in the European 
multiple-site experiment ‘CHIP-project’. Eur J Agron 17:369/381

K. M. Reddy et al.



185

Chapter 9
Impact of Climate Change on Vegetable 
Seed Production and Mitigation Strategies
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Abstract The climate extremes and variability pose a severe threat to agriculture 
and hence to food and nutritional security. Climate change obstructs the path 
towards achieving the Sustainable Development Goal of a hunger-free and 
nutritionally- secured world. Seed security plays a pivotal role in safeguarding 
global food sustainability. Vegetable seed production, both in terms of quantity and 
quality, is primarily affected by various climatic vagaries like extreme temperatures, 
elevated CO2, water stress, etc. There is an urgent need to address this insecurity 
pertaining to vegetable seed production to ensure a self-reliant global seed system. 
In this chapter, a thorough elaboration of vegetable seed production vis-à-vis cli-
mate change and various mitigation strategies has been presented.
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9.1  Introduction

The earth’s climate system has been challenged by severe threats of undesirable and 
unavoidable changes. All the major realms of the climate system, viz., atmosphere, 
cryosphere, biosphere, and ocean, are already facing the vagaries of these changes. 
The frequencies of extreme climate events with higher intensity and longer duration 
are rising. The high concentrations of greenhouse gases (GHGs) (especially carbon 
dioxide), warmed-up and acidified ocean with a declined level of oxygen, high 
atmospheric temperature, sea level rise, etc. are the resultant of the climate extremi-
ties (Fig. 9.1) (IPCC 2013).

Plants, just like any other organisms on the earth, are adversely affected by cli-
mate change, and being sessile in nature, immediate escape from the effect is not 
entirely feasible (He et al. 2018). The growth, development, and reproduction of the 
crop plants are highly influenced by the climate change. Nowadays, the climate 
change is becoming one of the significant research challenges to be addressed by 
plant researchers.

Moreover, with the ever-increasing population of the globe, there is a high chance 
of food insecurities due to a decline in food production and a rise in demand. All 
four aspects of the food security, viz., availability, accessibility, utilization, and sta-
bility are affected by the climate change (Al et al. 2008; Schmidhuber and Tubiello 
2007). In 2020, the prevalence of undernourishment scaled to about 9.9% and 
around 768 million people around the globe have faced hunger (WHO 2021). 
Vegetables, along with fruits, play a crucial role in ensuring global food and nutri-
tional security. During the COVID-19 pandemic, there was a decline in the con-
sumption of these protective foods due to lesser availability, aberrant rise in price, 

Fig. 9.1 The effects of climate change (a) rise in the atmospheric carbon dioxide (CO2) (b) change 
in the global surface temperature (c) change in the sea level, and (d) change in the ocean heat 
content. (Source: https://climate.nasa.gov/)
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poor quality, less market visits concerning the contamination, etc. (Litton and 
Beavers 2021). Seed industry is one of the keystones of the global food security and 
climate change is having a detrimental effect on the seed security (Hampton et al. 
2016; Bruins 2009). In this chapter, we will elaborately discuss about the conse-
quences of climate change with special reference to vegetable seed production.

9.2  Climate Change, Plants, and Food Production

Plants are highly dependent on various climatic factors for the completion of their 
life cycles (Fig. 9.2). The abnormal changes in the climate have resulted in knock-
 on effects on the plants affecting their growth, development, reproduction, and resil-
ience (Eisenach 2019). The ecophysiology, diversity, distribution, and interactions 
(with other species) of the plants are affected by the elevated CO2 (eCO2), rise in 
temperature, and irregularities in the precipitation (Parmesan and Hanley 2015; 
IPCC 2014). Any anomaly in the climatic parameters hinders the survival and sus-
tainability of the plants.

Climate change can accelerate the occurrences of genetic erosion, narrowing 
down the plant diversity, and the ability of the wild species and wild relatives of a 
plant to survive in their current ecosystem is also affected. An elevation in the atmo-
spheric concentration of CO2 and ozone, along with intensified rainfall, may have a 
negative impact on the plant structure and physiology. This will result in increased 
vulnerability of the plants towards the incidence of various diseases and pests. 
Similarly, there is also a high chance of breakdown of resistance in plants due to the 
rise in the temperature (Velásquez et al. 2018). Rise in the temperature also hastens 
the plant metabolism and alters the rate of respiration, organ development, 

Temperature

Wind

CO2
Concentration Precipitation

Light Intensity

Fig. 9.2 Climatic factors 
affecting plant growth
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senescence, and source-sink relationships (Bita and Gerats 2013; Farrar and 
Williams 1991). In response to high temperature, crop suitability and production 
decrease, especially in sub-tropical and tropical areas. The yield and product quality 
are compromised under the heat stress as it affects the fruit set and quickens the life 
cycle of the annual vegetables restricting the time for photoassimilation (Mbow 
et al. 2019). The plants may get weakened by heavy rainfall and storms, and the 
chance of infection by pathogens is aggravated. The already-stressed plants, due to 
the various climatic vagaries, are more prone to the attack of different pests and 
diseases (Skendžić et al. 2021).

Agriculture is highly vulnerable to climate change (Fig.  9.3). To match food 
production with the demand of the growing global population, the farmers have to 
tussle with the climatic vagaries. Also, the growers have to deal with various biotic 
and abiotic stresses that are triggered by the weather extremities like increased lev-
els of GHGs, extreme temperatures, unpredictable and uneven rainfalls, etc.

Crop productivity is highly affected by changes in the temperature (Zhao et al. 
2017; Hatfield and Prueger 2015; Ray et al. 2012) and water stress conditions (Wu 
et al. 2022; Vema et al. 2022; Sadras et al. 2016). Temperature rise leads to increased 
crop water demand (Salman et al. 2021). There is a drastic reduction in the produc-
tion of important crops with the rise in temperature (Tito et  al. 2018). The high 
frequencies of heavy rainfalls and droughts, temperature extremes, salinity, etc. are 
expected to severely hamper global crop productivity, which may cause undernour-
ishment and even starvation (Dhankher and Foyer 2018).

9.3  Vegetable Seed Production: A Climatic Perspective

The seed industry is the foundation for food security in the world. Without high- 
quality seeds, other inputs and developed technologies are insignificant as the seed 
is the basic and vital unit of agriculture. In the last five decades, the seed yield of the 
majority of crops has increased by about 1–3% per year (Bruins 2009). Seed pro-
duction is very sensitive to climate and weather conditions. Various parameters of 
seed production are highly dependent on the climatic variables prevailing during the 
entire life cycle of the crop (Maity et al. 2016).

Production of high-quality vegetable seeds depends on various climatic factors 
such as temperature (high and low), light (photoperiod and intensity), precipitation 
(distribution and total), wind (velocity and direction), etc. Various vegetables (tropi-
cal and temperate) have different climatic needs for efficient seed production. For 
the production of high-quality vegetable seeds, all the steps starting from seed sow-
ing to seed processing, are crucial. All these stages are quite vulnerable to climatic 
anomalies.

D. P. Moharana et al.
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Fig. 9.3 Vulnerability of Indian agriculture to climate change (2021–2050). (Source: Rama Rao 
et al. 2013)

9.4  Climate Change Versus Vegetable Seed Production

The changing climate, mainly the erratic rise in temperature and irregular rainfall 
patterns, are the major limiting factors for vegetable productivity (Abewoy 2018). 
The successful production of good quality vegetable seeds is largely hampered due 
to the changing climate (Hampton et al. 2016; Singh et al. 2013). The reproductive 
phenology of the vegetable crops has been affected by the changing climatic 
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conditions. Plants show high sensitivity toward the temperature, photoperiod, and 
moisture conditions pertaining to the phenology and reproductive behaviour (Meena 
et al. 2015a, b; Rathcke and Lacey 1985). In case of entomophilous vegetable crops, 
seed setting essentially relies on unhindered pollination by insect pollinators like 
honeybees, bumble bees, flies, native bees, etc. With the change in climate factors, 
the foraging activity and behaviour of these pollinators might get disturbed (Maity 
et al. 2016).

In response to the high-temperature level, a forced maturity and low seed quality 
can be observed during vegetable seed production. The climate warming may lead 
to the shifting of the season of seed germination from spring to autumn in alpine 
species (Mondoni et al. 2012).

9.4.1  Effect of Temperature Fluctuations AND eCO2

Rising temperatures are likely to reduce the life cycle of the vegetables by affecting 
the flowering and fruiting phenology (Ramírez and Kallarackal 2015; Hatfield and 
Prueger 2015). During the reproductive stage, most vegetables can only tolerate a 
narrow temperature change, and beyond that, the yield and seed setting get ham-
pered. Rise in temperature accelerates the anthesis process and lessens the crop 
period, whereas low temperature causes pollen sterility leading to poor pollen ger-
mination, and ultimately hampers the seed setting (Chakrabarti et al. 2011). The 
seed germination is reduced due to the restriction of the plant’s capability to provide 
required assimilates that are essential for the production of storage compounds 
responsible for seed germination. Physiological deterioration of seeds is also 
induced or aggravated in the high-temperature conditions (Hampton et al. 2013).

The rise in temperature influences the chilling requirement of different vegeta-
bles, mainly temperate ones. In asparagus, a rise in temperature by 3 °C, increases 
the dormancy period by 15 days leading to delayed yield and reduced spear produc-
tion (Nie et al. 2016). If the high temperature persists for a more extended period, 
i.e., 2–3 weeks, there will be an escalation in the sugar depletion, causing yield 
penalties (Yamaguchi and Maeda 2015).

In tomato, a rise in the temperature causes bud drop, poor pollen production, 
abnormal flower development, dehiscence, ovule abortion, poor viability, reduced 
carbohydrate availability, and other reproductive abnormalities leading to reduced 
fruit set, smaller and low-quality fruits (Hazra et al. 2007; Singh et al. 2015; Cruz- 
Ortega et al. 2002). Above the temperature of 25 °C, the pollination and fruit set in 
tomato are affected (Thamburaj and Singh 2001). A slight rise in temperature may 
reduce the availability of carbohydrate at the crucial phases of plant development in 
tomato, leading to yield penalties (Sato et al. 2006). Seed germination and pollen 
tube development are affected due to low temperatures during the growth period 
leading to reduced fruit set (Pardossi et al. 1992).

Similarly, in chilli, flower drop, ovule abortion, poor fruit set, and fruit drop is 
caused by high temperature (Arora et  al. 2010). Fertilization in pepper is highly 
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sensitive to high temperatures as suggested by the inhibited fruit set, due to the rise 
in post-pollination temperatures (Erickson and Markhart 2002).

In the case of seed production of late cauliflower in Kullu valley, the fluctuation 
in temperature during the month of February drastically affected the curd formation, 
and seed yield was reduced by 49.17–100% (Gill and Singh 1973).

In North Western Himalayas area, the seed yield of cabbage is affected up to a 
larger extent attributed to the changes in various climatic parameters (Kumar 
et al. 2009).

High temperature significantly affects germination in cucurbits. At 42 °C, seeds 
of most of the cucurbits do not germinate (Kurtar 2010). Variations in temperature 
lead to delayed ripening of fruits and reduced sweetness in melons (Abewoy 2018). 
Vegetative growth increases in Cucurbitaceous vegetable crops like ash gourd, bot-
tle gourd, pumpkin, etc. during the warm, humid climate resulting in poor female 
flower production (Ayyogari et al. 2014).

In case of potato, elevated temperature causes the suppression of tuber forma-
tion, minimization of fitness of seed tubers, reduction in carbon assimilation towards 
tuber starch, and acceleration of leaf senescence (Sonnewald et al. 2015; Hancock 
et  al. 2014; Wolf et  al. 1991; Fahem and Haverkort 1988; Menzel 1985; Ewing 
1981). In potato cv. Superior, at increased temperature level, both canopy net pho-
tosynthetic rate and stomatal conductance reduced drastically leading to decrease in 
both tuber yield and biomass production (Lee et al. 2020).

During the growth period of celery and lettuce, the unprecedented rise in tem-
perature results in premature production of seed heads (bolting) leading to poor 
production of quality heads and yield reduction (Prasad and Chakravorty 2015).

In Chinese cabbage cultivars, the proline content and cell membrane permeabil-
ity slightly increase under high-temperature conditions (Datta 2013). To avoid the 
premature bolting in case of heat-sensitive Chinese cabbage cultivars, daily mean 
temperature should be above 18  °C during the raising phase (Guttormsen and 
Moe 1985).

In red kidney bean cv. Montcalm, high temperature negatively affects the seed 
setting and causes a reduction in seed number (Prasad et al. 2002). High tempera-
ture during flowering results in pollen sterility and reduced seed setting in cowpea 
(Ahmed et al. 1992), and soybean (Djanaguiraman et al. 2011; Salem et al. 2007).

Similarly, vegetable crops, primarily from tropical and subtropical regions,  
are facing the vagaries of low-temperature stress (chilling and freezing). The crop 
growth and productivity are affected, eventually leading to crop failure. The geo-
graphical distribution and survivability of plants are also disturbed due to low- 
temperature stress (Xin and Browse 2000).

In potato, tuber yield is penalized by 10–50% by the frost injury considering the 
intensity and phase of occurrence (Atayee and Noori 2020). In case of tomatoes for 
processing industries and early vegetables, frost damage during spring is hazardous 
(Yadav 2010). Tomatoes and soybeans express the signs of damage caused due to 
exposure to low temperatures of 10–15 °C (Lynch 1990). In bell pepper and tomato, 
low temperature also induces malformation of flowers and fruits (Adams et  al. 
2001; Aloni et al. 1999).
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The concentration of atmospheric CO2 is increasing at an alarming rate 
(Fig. 9.1a). At an increased CO2 level, the seed mass has been reported to experience 
both a rise and decline in C3 plants, but in case of C4 plants, there is no change. In 
legume crops, the increase is higher than in non-legumes (Hampton et al. 2013).

Environmental vagaries like increased CO2 after a certain extent along with ris-
ing temperature, have significantly affected the Solanaceous vegetables penalizing 
their yield and quality (Moharana et al. 2021; Rangaswamy et al. 2021).

In many crops, the yield penalties linked with the increased temperature will 
aggravate with the rise in CO2 concentrations where high temperatures nullify the 
effects of eCO2 (Prasad et al. 2002; Reddy et al. 1995; Ahmed et al. 1993; Baker 
et al. 1989).

In potato, at an eCO2 level, the biomass and area of leaves increased, but the 
tuber yield did not exhibit any significant change. However, an appropriate increase 
in CO2 and temperature in a concurrent manner exerted balanced improvement of 
source and sink, and a positive effect on the rate of photosynthesis, growth, yield, 
and seed production can be observed (Lee et al. 2020).

Increased CO2 and high temperature can cause alteration of sexuality in plants 
and also impose a breakdown of male sterility and self-incompatibility mechanisms 
which play crucial roles in seed production of various vegetable crops (Simmonds 
1979). Male sterility reduces in carrot at 26  °C (Quagliotti 1967), breaks down 
above 17 °C in case of Brussels sprouts (Nieuwhof 1968), and self-incompatibility 
breakdown happens at 26 °C in radish (El Murabaa 1957).

9.4.2  Effect of Irregular Precipitation

Moisture stress (excess or deficit) and high temperature also affect the quality of the 
seeds and the resultant crop performance apart from the seed yield (Alqudah et al. 
2011). Waterlogging can minimize the crop yield and is primarily influenced by the 
growth phase, crop type, and duration of the crop (Tian et al. 2021). Vegetables, 
mainly the shallow-rooted ones, are most sensitive to waterlogged conditions. 
Waterlogging due to heavy rainfall and failure of drainage system leads to unprec-
edented loss to vegetable seed production (Fig. 9.4). Water and nutrient uptake are 
severely affected in waterlogged conditions as the roots are under hypoxic condi-
tions, strongly penalizing the growth and function of the plants (Fujita et al. 2021; 
Decoteau 1998). Heavy rainfall interferes in the natural pollination process through 
various means, like restricting the movement of pollinators, and is also responsible 
for high disease incidence in plants. The quality and shelf life of harvested vegeta-
bles are reduced due to rain at the physiological maturity stage.

Similarly, in water deficit conditions, due to untimely and insufficient rainfalls, 
both the vegetative and reproductive phases of vegetable crops are severely affected.

Vegetables, especially in the reproductive phase, possess high sensitivity toward 
drought stress due to their succulent nature. In arid and semi-arid areas, many 
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Fig. 9.4 Waterlogging of vegetable seed production fields due to heavy rainfall. (Source: ICAR- 
Indian Institute of Vegetable Research, Varanasi, U.P., India)

vegetable legumes are usually affected by water deficit conditions during their 
reproductive phase (Chatterjee and Solankey 2015).

Vegetables, mainly cucurbits and pod vegetables, are very sensitive to water 
stress conditions during flowering, fruiting, and seed development. The critical 
stages of water requirement are very crucial pertaining to the yield and seed produc-
tion in vegetable crops (Table 9.1). Water stress during the enlargement of storage 
organs in tuber, root, and bulb crops significantly reduces yield and quality (Prasad 
and Chakravorty 2015).

Being highly succulent in nature, leafy vegetables need sufficient water for a 
good yield, and water stress can cause poor quality and quantity of yield as the 
water content in the produce is reduced (AVRDC 1990).

Gill and Singh (1973) proposed that high rainfall and snowfall in January- 
February are highly detrimental in the case of seed production of late cauliflower in 
Kullu valley and suggested the lower altitudes (1200–1450  m) for better seed 
production.

Floods in sweet potato field results in rotting during harvest and shrinkage in 
storage (Thomposon et al. 1992; Ton and Hernandez 1978). It also affects baking 
quality and reduces dry matter and carotenoid content (Constantin et al. 1974).

In pepper, prolonged flooding can cause reduced oxygen supply and nutrient 
uptake leading to stunted growth, yellow leaves, black root tips, and swelling at the 
shoot and root junction (Hasnain and Sheik 1976).
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Table 9.1 Critical stages of water requirement of various vegetable crops

Vegetable crop(s) Critical stage(s) of water requirement

Chilli Flowering and fruit set
Tomato Early flowering, fruit set, and enlargement
Brinjal Flowering and fruit development
Okra Flowering and pod development
Potato Tuberization and tuber enlargement
Onion Bulb formation and enlargement
Garden pea Flowering and pod development
Cabbage, cauliflower, and broccoli Curd/head formation and enlargement
Cucumber Flowering and fruit development
Leafy vegetables Throughout the crop duration
Radish, carrot, and turnip Root enlargement
Melons Flowering and fruit development
Lettuce Throughout development
Sweet potato Root enlargement
Snap bean Flowering and pod enlargement

Source: Solankey et al. (2021), Malhotra (2016), Chatterjee and Solankey (2015), Kumar et al. 
(2012), Bahadur et al. (2011)

High rainfall leads to high humidity, which aggravates insect pest infestation and 
disease incidence.

9.4.3  Effect of Wind and Light

Pollen desiccation is a resultant of strong winds and high temperature, causing 
improper seed setting and poor seed quality. Heavy rainfall and strong wind cause 
high seed loss at the harvesting stage through shattering in vegetable crops like 
amaranthus and leads to the lodging of the plants. High wind velocity restricts the 
deposition of pollen on stigma and also causes pollen dispersal too far. This reduces 
the seed setting and ultimately hampers seed production. Pollen desiccation occurs 
due to dry winds leading to reduced pollen viability. High speed wind also interferes 
with essential agricultural operations like spraying, etc.

Low light intensity causes plants to have small leaves, spindly in nature, improper 
pollination, and poor fruit quality, whereas high light intensity coupled with high- 
temperature cause scorching of fruits (such as sun scald in tomatoes) and other plant 
parts. At high light intensity, photosynthesis is also hampered.

Some vegetables, like onion, demand specific photoperiod requirements for 
flower induction and the effective production of seeds (Welbaum 2015). Any devia-
tion from this leads to a negative effect on seed yield. Short-day conditions acceler-
ate the tuber formation in potatoes and root enlargement in sweet potatoes.
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9.5  Approaches to Mitigate Climate Change Vis-À-Vis 
Vegetable Seed Production

Access to the adapted and improved seeds is one of the most basic and practical 
adaptation approaches in climatic hotspots. Productivity and incomes can be 
increased with the use of high-quality seeds, especially in the smallholder systems 
(Cacho et al. 2020). With the development of climate-resilient varieties with respect 
to different agro-climate zones, vegetable seed production can be stabilized. The 
traits of interest will be resistance to various abiotic (drought, waterlogging, tem-
perature extremes, salinity, etc.) and biotic (pests and diseases) stresses (Ceccarelli 
et al. 2010). A cumulative approach of traditional, molecular, and transgenic meth-
ods can be imparted to exploit these traits and develop climate-smart vegetable 
crops. Genetic diversity for high temperature has already been demonstrated in 
crops like cowpea (Ahmed et al. 1993), bean (Porch and Jahn 2001), and soybean 
(Salem et al. 2007). The trait like photoperiod insensitivity also has to be exploited 
by the breeders to minimize the influence of photoperiod.

Wild species and wild relatives of a crop plant are a significant source of desired 
genes concerning biotic and abiotic stresses, so the plant genetic resources and 
diversity must be conserved and characterized to exploit climate-resilience breeding 
in vegetable crops.

Shifting seed production sites to the areas that became more suitable due to the 
change in climate patterns can be taken into consideration. In order to minimize the 
negative effect of environmental stress in particular regions, change in both latitude 
and elevation can come into play (Hampton et al. 2013; Shinohara et al. 2008; Egli 
et al. 2005). In areas like India, China, North America, the northern European coun-
tries, New Zealand, Australia, and the southern South American countries, moving 
of the seed production areas will be possible depending on the availability of water 
and land. However, this option may not be viable for the regions at lower latitudes 
like African countries compelling them to import even more to meet their seed 
requirements (Hampton et al. 2012, 2016).

In order to avoid the coinciding of abiotic stress like high temperature with flow-
ering and seed setting in vegetables, a change in date of sowing can also be advo-
cated as an excellent escape strategy considering various factors like water 
availability (Parry 2000), response to day length (especially premature flowering in 
short-day conditions) (Board and Hall 1984), the possibility of freezing or chilling 
temperature during flowering (Ridge and Pye 1985), effects of soil temperature on 
seed germination (Rahman et al. 2005), and increased prevalence of pests, diseases, 
and weeds (Hatfield et al. 2011; Olesen and Bindi 2002).

Techniques like seed priming can also be advocated, which ensures adaptability 
to various environmental stresses, especially drought. Seed priming also aids in the 
transfer of stress memory to the offspring (Saha et al. 2022). In order to adapt to 
harsh field conditions, the seeds of high-value crops can be covered with thermo-
stable polymer along with growth supplements and pesticides (Maity et al. 2016).
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In the era of climate change, to cope up with the possible natural or anthropo-
genic global or regional disasters, the Svalbard Global Seed Vault was built on the 
Norwegian island of Spitsbergen in 2008 to ensure food security.

Improved and sustainable water and land management practices like use of rain-
water harvesting structures, micro-irrigation methods, proper management of crop 
residues, crop intensification, crop rotation, in-situ moisture conservation, etc. also 
ensure the maximization of seed production against various environmental changes.

The seed system of a particular region or country needs to be more refined and 
responsive towards the measures to be taken to tackle the climate change scenario. 
Seed producers should have access to the quality seeds of vegetable varieties with 
desired trait(s) of climate resilience. Growers should be strengthened to meet the 
cost involving the adaptive measures against environmental stresses, afford the 
insurance cost against climatic vagaries, and have the know-how and/or accessibil-
ity to experts to implement the necessary management changes (Singh et al. 2013). 
Community seed banks can facilitate the growers to maintain resilience to climate 
change at the household and community level (Vernooy et al. 2017). These mea-
sures would be difficult to achieve in underdeveloped and developing countries due 
to less efficient legislation, improper supporting activities from seed companies, 
and a meagre annual seed replacement rate from formal sources. However, these 
challenges have to be addressed by strengthening of the seed system and collabora-
tive efforts leaving no one behind.

9.6  Conclusion

The seed production system is largely affected by global climate change. A sustain-
able vegetable seed production can be achieved through multi-dimensional inter-
ventions starting from the application of science and technology to the strengthening 
of the seed system up to the grassroots level. The need of the hour is the collabora-
tive effort of plant breeders, plant physiologists, and molecular biologists to address 
climate change in terms of the development of climate-smart varieties and tech-
niques. A holistic approach involving crop management, crop breeding, use of 
indigenous technical knowledge (ITK), investment in capacity building and 
research, etc. should be followed. With all the strategic approaches, constant moni-
toring and evaluation of adaptive measures and future concerns should be followed 
to achieve climate-resilient sustainable development in vegetable seed production.

References

Abewoy D (2018) Review on impacts of climate change on vegetable production and its manage-
ment practices. Adv Crop Sci Technol 6(330)

Adams SR, Cockshull KE, Cave CRJ (2001) Effect of temperature on the growth and development 
of tomato fruits. Ann Bot 88(5):869–877

D. P. Moharana et al.



197

Ahmed FE, Hall AE, DeMason DA (1992) Heat injury during floral development in cowpea (Vigna 
unguiculata, Fabaceae). Am J Bot 79(7):784–791

Ahmed FE, Hall AE, Madore MA (1993) Interactive effects of high temperature and elevated 
carbon dioxide concentration on cowpea [Vigna unguiculata (L.) Walp.]. Plant Cell Environ 
16(7):835–842

Al W, Orking G, Clima O (2008) Climate change and food security: a framework document. 
FAO, Rome

Aloni B, Pressman E, Karni L (1999) The effect of fruit load, defoliation and night temperature on 
the morphology of pepper flowers and on fruit shape. Ann Bot 83(5):529–534

Alqudah AM, Samarah NH, Mullen RE (2011) Drought stress effect on crop pollination, seed set, 
yield and quality. In: Alternative farming systems, biotechnology, drought stress and ecological 
fertilisation. Springer, Dordrecht, pp 193–213

Arora SK, Partap PS, Pandita ML, Jalal I (2010) Production problems and their possible remedies 
in vegetable crops. Indian Hortic 32:2–8

Atayee AR, Noori MS (2020) Alleviation of cold stress in vegetable crops. J Sci Agric 4:38–44
AVRDC (1990) Vegetable production training manual. Asian Vegetable Research and Training 

Center, Tainan, p 447
Ayyogari K, Sidhya P, Pandit MK (2014) Impact of climate change on vegetable cultivation-a 

review. Int J Agric Environ Biotechnol 7:145
Bahadur A, Chatterjee A, Kumar R, Singh M, Naik PS (2011) Physiological and biochemical basis 

of drought tolerance in vegetables. Veg Sci 38(1):1–16
Baker JT, Allen LH Jr, Boote KJ, Jones P, Jones JW (1989) Response of soybean to air temperature 

and carbon dioxide concentration. Crop Sci 29(1):98–105
Bita CE, Gerats T (2013) Plant tolerance to high temperature in a changing environment: scientific 

fundamentals and production of heat stress-tolerant crops. Front Plant Sci 4:273
Board JE, Hall W (1984) Premature flowering in soybean yield reductions at nonoptimal planting 

dates as influenced by temperature and photoperiod 1. Agron J 76(4):700–704
Bruins M (2009) The evolution and contribution of plant breeding to global agriculture. In: 

Proceedings of the second world seed conference: responding to the challenges of a changing 
world: the role of new plant varieties and high quality seed in agriculture, pp 18–31

Cacho OJ, Moss J, Thornton PK, Herrero M, Henderson B, Bodirsky BL, Humpenöder F, Popp A, 
Lipper L (2020) The value of climate-resilient seeds for small holder adaptation in sub-Saharan 
Africa. Clim Chang 162(3):1213–1229

Ceccarelli S, Grando S, Maatougui M, Michael M, Slash M, Haghparast R, Rahmanian M, Taheri 
A, Al-Yassain A, Benbelkacem A, Labdi M, Mimoun H, Nachit M (2010) Plant breeding and 
climate changes. J Agric Sci 148(6):627–637

Chakrabarti B, Singh SD, Nagarajan S, Aggarwal PK (2011) Impact of temperature on phenology 
and pollen sterility of wheat varieties. Aust J Crop Sci 5(8):1039–1043

Chatterjee A, Solankey SS (2015) Functional physiology in drought tolerance of vegetable crops: 
an approach to mitigate climate change impact. In: Climate dynamics in horticultural science. 
Routledge, London, pp 149–171

Constantin RJ, Hernandez TP, Jones LG (1974) Effect of irrigation and N fertilization on quality 
of sweet potatoes. J Am Soc Hortic Sci 99:308–310

Cruz-Ortega R, Ayala-Cordero G, Anaya AL (2002) Allelochemical stress produced by the aque-
ous leachate of Callicarpa acuminata: effects on roots of bean, maize, and tomato. Physiol Plant 
116(1):20–27

Datta S (2013) Impact of climate change in Indian horticulture-a review. Int J Sci Environ Technol 
2(4):661–671

Decoteau D (1998) Plant physiology: environmental factors and photosynthesis. Greenhouse glaz-
ing & solar radiation transmission workshop, Center for Controlled Environment Agriculture, 
Rutgers University, Cook College, pp 1–6

Dhankher OP, Foyer CH (2018) Climate resilient crops for improving global food security and 
safety. Plant Cell Environ 41(5):877–884

9 Impact of Climate Change on Vegetable Seed Production and Mitigation Strategies



198

Djanaguiraman M, Prasad PV, Boyle DL, Schapaugh WT (2011) High-temperature stress and 
soybean leaves: leaf anatomy and photosynthesis. Crop Science 51(5):2125–2131

Egli DB, TeKrony DM, Heitholt JJ, Rupe J (2005) Air temperature during seed filling and soybean 
seed germination and vigor. Crop Sci 45(4):1329–1335

Eisenach C (2019) How plants respond to climate change: a new virtual special issue of plant, , 
Cell & Environment. Plant Cell Environ 42(9):2537–2539

El Murabaa AIM (1957) Effect of high temperature on incompatibility in radish. Euphytica 
6(3):268–270

Erickson AN, Markhart AH (2002) Flower developmental stage and organ sensitivity of bell pep-
per (Capsicum annuum L.) to elevated temperature. Plant Cell Environ 25(1):123–130

Ewing EE (1981) Heat stress and the tuberization stimulus. Am Potato J 58(1):31–49
Fahem M, Haverkort AJ (1988) Comparison of the growth of potato crops grown in autumn and 

spring in North Africa. Potato Res 31(4):557–568
Farrar JF, Williams ML (1991) The effects of increased atmospheric carbon-dioxide and tem-

perature on carbon partitioning, source-sink relations and respiration. Plant Cell Environ 
14:819–830

Fujita S, Noguchi K, Tange T (2021) Different waterlogging depths affect spatial distribution of 
fine root growth for Pinus thunbergii seedlings. Front Plant Sci 12:614764

Gill HS, Singh JP (1973) Effect of environmental factors on seed production of late cauliflower in 
Kulu Valley. Indian J Agric Sci 43(3):234–236

Guttormsen G, Moe R (1985) Effects of day and night temperature on bolting in Chinese cabbage. 
Sci Hortic 25:217–224

Hampton JG, Rolston MP, Pyke NB, Green W (2012) Ensuring the long term viability of the New 
Zealand seed industry. Agron NZ 42:129–140

Hampton JG, Boelt B, Rolston MP, Chastain TG (2013) Effects of elevated CO2 and temperature 
on seed quality. J Agric Sci 151(2):154–162

Hampton JG, Conner AJ, Boelt B, Chastain TG, Rolston P (2016) Climate change: seed production 
and options for adaptation. Agriculture 6(3):33

Hancock RD, Morris WL, Ducreux LJ, Morris JA, Usman M, Verrall SR, Fuller J, Simpson CG, 
Zhang R, Hedley PE, Taylor MA (2014) Physiological, biochemical and molecular responses 
of the potato (Solanum tuberosum L.) plant to moderately elevated temperature. Plant Cell 
Environ 37:439–450

Hasnain S, Sheik KH (1976) Effect of flooding and drainage on the growth of Capsicum annuum. 
Biologia 22:89–106

Hatfield JL, Prueger JH (2015) Temperature extremes: effect on plant growth and development. 
Weather Clim Extremes 10:4–10

Hatfield JL, Boote KJ, Kimball BA, Ziska LH, Izaurralde RC, Ort D, Thomson AM, Wolfe D (2011) 
Climate impacts on agriculture: implications for crop production. Agron J 103(2):351–370

Hazra P, Samsul HA, Sikder D, Peter KV (2007) Breeding tomato (Lycopersicon esculentum Mill) 
resistant to high temperature stress. Int J Plant Breed 1:31–40

He M, He CQ, Ding NZ (2018) Abiotic stresses: general defenses of land plants and chances for 
engineering multi-stress tolerance. Front Plant Sci 9:1771

IPCC (2013) In: Stocker TF, Qin D, Plattner G-K et al (eds) Climate change 2013: the physical 
science basis. Contribution of working group I to the fifth assessment report of the intergovern-
mental panel on climate change. Cambridge University Press, Cambridge

IPCC (2014) Summary for policymakers. In: Field CB, Barros VR, Dokken DJ et al (eds) Climate 
change 2014: impacts, adaptation, and vulnerability. Part a: global and sectoral aspects. 
Contribution of working group II to the fifth assessment report of the intergovernmental panel 
on climate change. Cambridge University Press, Cambridge, pp 1–32

Kumar PR, Yadav SK, Sharma SR, Lal SK, Jha DN (2009) Impact of climate change on seed pro-
duction of cabbage in North Western Himalayas. World J Agric Sci 5(1):18–26

Kumar R, Solankey SS, Singh M (2012) Breeding for drought tolerance in vegetables. Veg Sci 
39(1):1–15

D. P. Moharana et al.



199

Kurtar ES (2010) Modelling the effect of temperature on seed germination in some cucurbits. Afr 
J Biotechnol 9:9

Lee YH, Sang WG, Baek JK, Kim JH, Shin P, Seo MC, Cho JI (2020) The effect of concurrent 
elevation in CO2 and temperature on the growth, photosynthesis, and yield of potato crops. 
PLoS One 15(10):e0241081

Litton MM, Beavers AW (2021) The relationship between food security status and fruit and veg-
etable intake during the COVID-19 pandemic. Nutrients 13(3):712

Lynch DV (1990) Chilling injury in plants: the relevance of membrane lipids. In: Katterman F (ed) 
Environmental injury to plants. Academic Press, San Diego, pp 17–34

Maity A, Vijay D, Mukherjee A, Lamichaney A (2016) Potential impacts of climate change on 
quality seed production: a perspective of hill agriculture. In: Conservation agriculture. Springer, 
Singapore, pp 459–485

Malhotra SK (2016) Achieving high water use efficiency in agriculture through per drop more 
crop. In: Proceedings of the 10th World Aqua Congress, international conference on water 
smart solutions for growing India. Aqua Foundation, New Delhi, pp 377–394

Mbow C., Rosenzweig C, Barioni LG, Benton TG, Herrero M, Krishnapillai M, Liwenga E, 
Pradhan P, Rivera-Ferre MG, Sapkota T, Tubiello FN, Xu Y (2019) Food security in climate 
change and land: an IPCC special report on climate change, desertification, land degradation, 
sustainable land management, food security, and greenhouse gas fluxes in terrestrial ecosys-
tems. Intergovernmental Panel on Climate Change

Meena RS, Meena VS, Meena SK, Verma JP (2015a) Towards the plant stress mitigate the agricul-
tural productivity: a book review. J Cleaner Prod 102:552–553

Meena VS, Meena SK, Verma JP, Meena RS (2015b) Current trend to mitigate climate change and 
sustainable agriculture: a book review. J Cleaner Prod 102:548–549

Menzel CM (1985) Tuberization in potato at high temperatures: interaction between temperature 
and irradiance. Ann Bot 55(1):35–39

Moharana DP, Singh RK, Kashyap SP, Rai N, Bhardwaj DR, Singh AK (2021) Response of 
Solanaceous vegetables to increasing temperature and atmospheric CO2. In: Advances in 
research on vegetable production under a changing climate, vol 1. Springer, Cham, pp 91–111

Mondoni A, Rossi G, Orsenigo S, Probert RJ (2012) Climate warming could shift the timing of 
seed germination in alpine plants. Ann Bot 110(1):155–164

Nie LC, Chen YH, Liu M (2016) Effects of low temperature and chilling duration on bud break and 
changes of endogenous hormones of asparagus. Eur J Hortic Sci 81:22–26

Nieuwhof M (1968) Effect of temperature on the expression of male sterility in Brussels sprouts 
(Brassica oleracea L. var. gemmifera DC.). Euphytica 17(2):265–273

Olesen JE, Bindi M (2002) Consequences of climate change for European agricultural productiv-
ity, land use and policy. Eur J Agron 16(4):239–262

Pardossi A, Vernieri P, Tognoni F (1992) Involvement of abscisic acid in regulating water status in 
Phaseolus vulgaris L. during chilling. Plant Physiol 100(3):1243–1250

Parmesan C, Hanley ME (2015) Plants and climate change: complexities and surprises. Ann Bot 
116(6):849–864

Parry ML (ed) (2000) Assessment of potential effects and adaptations for climate change in 
Europe. The Europe ACACIA Project/Jackson Environment Institute/University of East 
Anglia, Norwich

Porch TG, Jahn M (2001) Effects of high-temperature stress on micro-sporogenesis in heat- 
sensitive and heat-tolerant genotypes of Phaseolus vulgaris. Plant Cell Environ 24(7):723–731

Prasad BVG, Chakravorty S (2015) Effects of climate change on vegetable cultivation-a review. 
Nat Environ Pollut Technol 14(4):923

Prasad PVV, Boote KJ, Allen LH Jr, Thomas JM (2002) Effects of elevated temperature and car-
bon dioxide on seed-set and yield of kidney bean (Phaseolus vulgaris L.). Glob Chang Biol 
8(8):710–721

Quagliotti L (1967) Effects of different temperatures on stalk development, flowering habit, and 
sex expression in the carrot (Daucus carota) L. Euphytica 16(1):83–103

9 Impact of Climate Change on Vegetable Seed Production and Mitigation Strategies



200

Rahman MM, Hampton JG, Hill MJ (2005) Soybean seed yield as affected by time of sowing in a 
cool temperate environment. J New Seeds 7(4):1–15

Rama Rao CA, Raju BMK, Subba Rao AVM, Rao KV, Rao VUM, Kausalya R, Venkateswarlu B, 
Sikka AK (2013) Atlas on vulnerability of Indian agriculture to climate change. Hyderabad, 
ICAR-Central Research Institute for Dryland Agriculture, p 116

Ramírez F, Kallarackal J (2015) The effect of increasing temperature on phenology. In: Responses 
of fruit trees to global climate change. Springer, Cham, pp 11–13

Rangaswamy TC, Sridhara S, Ramesh N, Gopakkali P, El-Ansary DO, Mahmoud EA, Abdelmohsen 
SAM, Abdelbacki AMM, Elansary HO, Abdel-Hamid AM (2021) Assessing the impact of 
higher levels of CO2 and temperature and their interactions on tomato (Solanum lycopersicum 
L.). Plan Theory 10(2):256

Rathcke B, Lacey EP (1985) Phenological patterns of terrestrial plants. Annu Rev Ecol Syst 
16:179–214

Ray DK, Ramankutty N, Mueller ND, West PC, Foley JA (2012) Recent patterns of crop yield 
growth and stagnation. Nat Commun 3(1):1–7

Reddy KR, Hodges HF, McKinion JM (1995) Carbon dioxide and temperature effects on pima 
cotton growth. Agric Ecosyst Environ 54(1–2):17–29

Ridge PE, Pye DL (1985) The effects of temperature and frost at flowering on the yield of peas 
grown in a Mediterranean environment. Field Crop Res 12:339–346

Sadras VO, Villalobos FJ, Orgaz F, Fereres E (2016) Effects of water stress on crop production. In: 
Principles of agronomy for sustainable agriculture. Springer, Cham, pp 189–204

Saha D, Choyal P, Mishra UN, Dey P, Bose B, Prathibha MD, Gupta NK, Mehta BK, Kumar P, 
Pandey S, Chauhan J, Singhal RK (2022) Drought stress responses and inducing tolerance by 
seed priming approach in plants. Plant Stress 4:100066

Salem MA, Kakani VG, Koti S, Reddy KR (2007) Pollen-based screening of soybean genotypes 
for high temperatures. Crop Sci 47(1):219–231

Salman SA, Shahid S, Sharafati A, Salem GSA, Bakar AA, Farooque AA, Chung E-S, Ahmed 
YA, Mikhail B, Yaseen ZM (2021) Projection of agricultural water stress for climate change 
scenarios: a regional case study of Iraq. Agriculture 11(12):1288

Sato S, Kamiyama M, Iwata T, Makita N, Furukawa H, Ikeda H (2006) Moderate increase of mean 
daily temperature adversely affects fruit set of Lycopersicon esculentum by disrupting specific 
physiological processes in male reproductive development. Ann Bot 97(5):731–738

Schmidhuber J, Tubiello FN (2007) Global food security under climate change. Proc Natl Acad 
Sci 104(50):19703–19708

Shinohara T, Hampton JG, Hill MJ, Juntakool S, Suprakarn S, Sagwansupyakorn C (2008) 
Variations in pea (Pisum sativum L.) seed vigour among regions of production and cropping 
seasons are associated with temperature during reproductive growth. J Jpn Soc Agric Technol 
Manage 14:148–155

Simmonds NW (1979) Principles of crop improvement. Longman: London, UK
Singh RP, Prasad PVV, Reddy KR (2013) Impacts of changing climate and climate variability on 

seed production and seed industry. Adv Agron 118:49–110
Singh U, Patel PK, Singh AK, Tiwari V, Kumar R, Rai N, Bahadur A, Tiwari SK, Singh M, Singh 

B (2015) Screening of tomato genotypes under high temperature stress for reproductive traits. 
Veg Sci 42(2):52–55

Skendžić S, Zovko M, Živković IP, Lešić V, Lemić D (2021) The impact of climate change on 
agricultural insect pests. Insects 12(5):440

Solankey SS, Kumari M, Akhtar S, Singh HK, Ray PK (2021) Challenges and opportunities in 
vegetable production in changing climate: mitigation and adaptation strategies In: Solankey 
SS et al (eds) Advances in research on vegetable production under a changing climate, vol. 1. 
Springer, Cham, pp 13–59. ISBN 978-3-030-63497-1

Sonnewald S, van Harsselaar J, Ott K, Lorenz J, Sonnewald U (2015) How potato plants take the 
heat? Procedia Environ Sci 29:97

D. P. Moharana et al.



201

Thamburaj S, Singh N (2001) Textbook of vegetables, tuber crops and spices. Indian Council of 
Agricultural Research

Thomposon PG, Smittle DA, Hall MR (1992) Relationship of sweet potato yield and quality to 
amount of irrigation water. Hortic Sci 27(1):23–26

Tian LX, Zhang YC, Chen PL, Zhang FF, Li J, Yan F, Dong Y, Feng BL (2021) How does the 
waterlogging regime affect crop yield? A global meta-analysis. Front Plant Sci 12:634898

Tito R, Vasconcelos HL, Feeley KJ (2018) Global climate change increases risk of crop yield 
losses and food insecurity in the tropical Andes. Glob Chang Biol 24(2):e592–e602

Ton CS, Hernandez TP (1978) Wet soil stress effects on sweet potatoes. J Am Soc Hortic Sci 
103:600–603

Velásquez AC, Castroverde CDM, He SY (2018) Plant-pathogen warfare under changing climate 
conditions. Curr Biol 28(10):R619–R634

Vema VK, Sudheer KP, Rohith AN, Chaubey I (2022) Impact of water conservation structures 
on the agricultural productivity in the context of climate change. Water Resour Manag 
36(5):1627–1644

Vernooy R, Sthapit B, Otieno G, Shrestha P, Gupta A (2017) The roles of community seed banks 
in climate change adaption. Dev Pract 27(3):316–327

Welbaum GE (2015) Vegetable production and practices. CABI, Wallingford
Wolf S, Marani A, Rudich J (1991) Effect of temperature on carbohydrate metabolism in potato 

plants. J Exp Bot 42:619–625
World Health Organization (2021) The state of food security and nutrition in the world 2021: trans-

forming food systems for food security, improved nutrition and affordable healthy diets for all, 
vol. 2021. Food & Agriculture Org

Wu J, Wang J, Hui W, Zhao F, Wang P, Su C, Gong W (2022) Physiology of plant responses to 
water stress and related genes: a review. Forests 13(2):324

Xin Z, Browse J (2000) Cold comfort farm: the acclimation of plants to freezing temperatures. 
Plant Cell Environ 23(9):893–902

Yadav SK (2010) Cold stress tolerance mechanisms in plants. A review. Agron Sustain Dev 
30(3):515–527

Yamaguchi T, Maeda T (2015) Effect of high-temperature treatments on the breaking of dormancy 
in one-year-old asparagus (Asparagus officinalis L.). Environ Control Biol 53(1):23–26

Zhao C, Liu B, Piao S, Wang X, Lobell DB, Huang Y, Huang M, Yao Y, Bassu S, Ciais P, Durand 
JL, Elliott J, Ewert F, Janssens IA, Li T, Lin E, Liu Q, Martre P, Müller C, Peng S, Peñuelas 
J, Ruane AC, Wallach D, Wang T, Wu D, Liu Z, Zhu Y, Zhu Z, Asseng S (2017) Temperature 
increase reduces global yields of major crops in four independent estimates. Proc Natl Acad 
Sci 114(35):9326–9331

9 Impact of Climate Change on Vegetable Seed Production and Mitigation Strategies



203

Chapter 10
Kitchen Gardening for Nutritional 
Security Under Changing Climate

Arindam Nag, Anirban Mukherjee, Kumari Shubha, 
Sangeeta Bhattacharyya, Ramnath K. Ray, Pinaki Roy, Anirudhha Roy, 
and Sheikh Mohammad Feroze

Abstract Climate change is a global phenomenon and posing formidable chal-
lenge in all sphere of life. Food system is no exception of it and impact of climate 
change is observed through direct and indirect influence on parameters related to 
weather, land, air, water etc. This is continuously making difficult to lead sustain-
able life; especially considering the situation of food (nutritional) security, poverty 
and livelihood situation of majority of world population. The nexus between food 
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security and climate change is aggravated by poverty, which needs to be challenged 
by enhancing resilience of food production system. World-wide development prac-
titioners have tried to capture various coping mechanism and adaptation strategies 
followed by farming community. One such practice is kitchen gardening which 
enhances resilience of farm-families in climate change regime. In this chapter we 
will address concept of kitchen gardening, its prominent roles, experiences gathered 
from the kitchen gardening and way forward for development practitioners, in order 
to achieve nutritional security in changing climate scenario.

Keywords Kitchen gardening · Climate change · Homestead gardening · 
Nutritional security

10.1  Introduction

Climate change is very much intertwined with agricultural sectors (including allied 
sectors), food security and nutrition. Different sectors of agriculture are not only 
affected by climate change, but they also contribute to it through greenhouse gas 
emissions through deforestation, methane emissions from livestock rearing and rice 
farming, the use of biological and synthetic fertilizers etc. Global emissions must be 
drastically lowered in order to meet the Paris Agreement’s goals of limiting global 
warming to 2  °C. However, by lowering greenhouse gas emissions and boosting 
carbon absorption in biomass and soils, agriculture can help to combat climate 
change. The conditions in which agricultural operations are carried out are changing 
substantially because of climate change, directly, by altering environmental physi-
cal properties viz. temperature, precipitation frequency, intensity, and distribution, 
the acidity of the marine environment etc., and indirectly, by altering ecosystems 
and interspecies relationships, particularly through affecting pollinators, parasites, 
weeds, illnesses etc. Household members and vulnerable groups in tropical devel-
oping nations are already suffering from harmful impacts. Negative impact of cli-
mate change on agricultural productivity will worsen in most of the regions beyond 
2030. According to new research, global grain production would decline by 17% in 
2050 as compared to a scenario where climate change is absent. The FAO estimates 
that agriculture would need to raise food output by 50% by 2050 owing to popula-
tion growth and dietary changes (FAO 2017). Effects of climate change on agricul-
tural sectors have economic and social ramifications for households (producer and 
consumer both) and nations that rely on agricultural output. As a result, climate 
change has an impact on all dimensions of food security, including food supply, 
physical and economic accessibility, and nutrient use, as well as the stability of 
these three variables. These repercussions are particularly severe for the poorest 
households, which rely on agricultural activities for 70% of their income, and for 
the least developed nations, whose agricultural sectors account for a large percent-
age of GDP. Climate change tackling has become a focus area in policy discourse 
also due to its holistic impact on life on earth. Changes not only in macro scale but 
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at the very micro level, individual level are advocated. ‘Think globally and act 
locally’ has encouraged individuals to think over and reflect upon their own life-
styles at the realm of local to global context.

One such change in agricultural practice is kitchen gardening and current chapter 
addresses how multidimensional roles of kitchen garden can be a potential tool for 
enhancing resilience against climate change. In developing countries vegetables are 
the main source of livelihood for most of communities because vegetables are 
loaded with several vitamins, carbohydrate, salts and proteins. Now a day’s vegeta-
bles become an integral part of average household’s daily meals because of increas-
ing awareness towards their health (Solankey et al. 2021). Initially this chapter will 
introduce the concept of kitchen garden and how it is relevant and important in 
current scenario. Various study reviewed to understand social-cultural-biological- 
environmental context of kitchen garden and how kitchen garden responses climate 
change also explained. This chapter has made an attempt to identify possible areas 
for future course of action.

10.2  Nutritional Security Under Changing Climatic Scenario

Despite tremendous improvements in food security, more than 2 crore people have 
faced micronutrient deficiencies; the number of chronically malnourished people 
stands more than 80 crores in India; nearly 25% of children under the age of five is 
stunted; and 0.34 crore people lost their lives every year as a result of overweight 
and obesity (FAO 2017). Climate change has multi-faceted impact on food safety 
(FAO 2016), community hygiene, water quality, food security, woman and child 
healthiness etc. Effect of climate change on food supply, accessibility, and stability 
can lead to significant changes in dietary choices and balance, which can have a bad 
impact on household health. Moreover, for the reason of its health implications, 
climate change has a detrimental influence on nutrition. Certainly, it can effect on 
increasing water, food, and vector-borne transmittable diseases, all of that increases 
nutritional requirements and reduces nutrient absorption. Farmers’ health may be 
directly impacted by climate change, mainly due to excessive heat and a lack of 
drinking water. As a result, the poorest and most susceptible people have been and 
will be the first to suffer.

It is important to know various aspects of food safety while investigating the 
consequences of environmental change on food safety and developing strategies to 
mitigate these implications. Food security may be characterised in four ways, 
according to FAO:

• Accessibility of foods
• Availability of food (economical and physical)
• Consumption of food
• Stability in long-term (vulnerability and shocks)
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Food Availability indicates the availability of adequate amounts of appropriate- 
quality food; domestically produced or imported. Accessibility of food indicates the 
individuals’ access to sufficient finances for obtaining healthful diets. The legal, 
political, economic, and social features of the society in which they exist, entitle-
ments are definite as a set of all product bundles over that a person can develop 
authority.

Food Utilization is to achieve a state of nutritional well-being in which physiolog-
ical demands are fulfilled, food must be utilized through sufficient diet, clean water, 
sanitation, and healthcare.

Food Stability means a population, home, or person should have availability of 
enough food at all the times to be food secure. They should not be at risk of losing 
food due to unexpected occurrences (such as a financial or climate disaster) or cycli-
cal occurrences (e.g., occasional food insecurity). As a result, the term “stability” 
refers to the availability, accessibility, and use aspects of food security.

Climate change has direct influence on food availability by impacting negatively 
on crop-animal production and health, as well as seafood supplies, particularly in 
Sub-Saharan Africa as well as South Asia, where the major parts of the global food- 
insecure present. A reliable supply of food is not just a basic requirement for impov-
erished agricultural producers; it is often their sole, and sometimes precarious 
method of making a living and sustaining their existence. The small and marginal 
farmers with lesser yields will find it more difficult to get food since they will have 
less money to spend.

Furthermore, decreases in food availability due to climate change will almost 
certainly result in higher food costs. This would have an effect on both urban and 
rural communities, as they spend considerably more of their capital on food. Poor 
landowner farmers, the major parts of them are net food buyer, would also be 
affected (World Bank 2008). Climate change might effect on how food is consumed. 
Myers et al. 2014 suggested that there might be negative consequences regarding 
food quality, nutrition, and food safety. However, the consequences of climate 
change on food security may be extremely place oriented, with foods growing in 
areas facing quick climatic change. Vitamin D insufficiency, for example, has been 
linked to environmental/ecosystem deterioration (Wahlqvist 2013).

Climate-related changes can hurt individuals who are not so poor but are vulner-
able, such as, a flood destroys a small farm, a drought hurt a livestock herd, or pol-
luted water causes a kid to get ill. These occurrences have the potential to wipe out 
decades of hard labour and wealth accumulation, as well as create lasting health 
harm. Climate change will influence overall socio-economic development thereby 
future trends in poverty and food insecurity. According to a recent World Bank find-
ing, poverty levels in 2030 are likely based on many climate shocks and policy 
scenarios. Another investigation concluded, under an excess climate change effect 
condition, the number of people are in severe poverty rises by 12.2 crore in 2030, 
and in a prosperous condition, the increase is only1.6 crore. Policy decisions and 
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focused adjustment methods will choose the future strategies of climate change on 
poverty (Hallegatte and Rozenberg 2016).

Ever increasing global population is likely to confront a broad hunger epidemic 
because of the reduced food supply induced by climate change. This would result 
in localized increases in food costs. Under the IPCC’s A2 scenario, the danger of 
hunger in certain emerging nations, such as India, is expected to stay quite high, 
with a regular rise in the number of people at risk of food hunger. By 2050, an 
extra13.2 crore people will be under danger; and by 2080, this number might 
increase to 26.6 crore (Parry et al. 2004). Coastal erosion and inundation are causing 
loss of cultivated land in low-lying Indian districts, making it worst for food poverty 
and property loss. In this example, climate change pressures might be alleviated by 
a variety of management strategies, including better stock improvement and more 
integrated agricultural ecosystems and improved soil conditions. There are various 
scientific evidence that climate change might have detrimental consequences on 
hunger as well as nutrition, endangering present agriculture and food systems 
(Nelson et al. 2009), as well as lower calorie intake due to income and non-income 
consequences (Nelson et al. 2009). In addition to that, the poverty nutrition trap is 
now a severe worry, which indicates that climatic changes may affect our agricul-
tural production and income source, resulting in poor health and nutrition (Brown 
and Funk 2008). Under-nutrition is believed to be responsible for about 15% of the 
worldwide illness, thus making it a serious worldwide public health issue. As a 
result, poor health in the agricultural community might limit the ability to create and 
implement adequate food production strategies (Greenfacts 2008). One of the 
important issues is the high rate of malnutrition among the poor and marginalized 
population, specifically rural children and the huge number of others living below 
the poverty line in several countries, that reduces their capability of buying food. 
The high heterogeneity of protein deficient, energy poor and micronutrient deficien-
cies within countries continues to be a burden (Greenfacts 2008).

Vulnerable groups with existing inadequate dietary intakes (e.g., low-income 
individuals, migratory workers) and high nutritional density requirements may be at 
greater risk. It is commonly known that continuous nutritional deficient food in 
someone’s life might be a critical risk health factor for chronic diseases, which is a 
huge burden in developing countries (Greenfacts 2008). Moreover, poor diet quality 
and low nutritional value might have been connected with global obesity as well as 
chronic sickness like heart related disease, hypertension, stroke as well as diabetes. 
The recent nutrition transition, that is the method through which globalization, 
urbanization, as well as changes in lifestyle are linked to high calorie obtain, poor 
diet, and low physical activities, has been the most remarkable illustration of raising 
nutritional pressures. Meals of people in poor countries are heavy in fat and energy 
rich (Gupta and Mishra 2014).

Micronutrient deficiency especially Iron deficiency is widespread in humans 
(Nag et al. 2020). Food availability is not an issue but the distribution and accessi-
bility are. Child nutritional status in India during 2019–2020 is presented in 
Table 10.1. The states having a good amount of production are the states having 
maximum children malnourished (Table 10.1). Assam Bihar and Maharashtra are 
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States/ National Territories 
Children under 5 

years who are 
stunted (%) 

Children under 5 
years who are 

wasted (%) 

Children under 5 
years who are 

underweight (%) 
Andaman & Nicobar Islands 22.5 16 23.7 

Andhra Pradesh 31.2 16.1 29.6 

Assam 35.3 21.7 32.8 

Bihar 42.9 22.9 41 

Dadra & Nagar Haveli and 

Daman & Diu 
39.4 21.6 38.7 

Goa 25.8 19.1 24 

Gujarat 39 25.1 39.7 

Himachal Pradesh 30.8 17.4 25.5 

Jammu & Kashmir 26.9 19 21 

Karnataka 35.4 19.5 32.9 

Kerala 23.4 15.8 19.7 

Ladakh 30.5 17.5 20.4 

Lakshadweep 32 17.4 25.8 

Maharashtra 35.2 25.6 36.1 

Manipur 23.4 9.9 13.3 

Meghalaya 46.5 12.1 26.6 

Mizoram 28.9 9.8 12.7 

Nagaland 32.7 19.1 26.9 

Sikkim 22.3 13.7 13.1 

Telangana 33.1 21.7 31.8 

Tripura 32.3 18.2 25.6 

West Bengal 33.8 20.3 32.2 

Table 10.1 Child Nutritional Status in India 2019–2020

Source: National Family Health Survey – 5 Database (2020)

the states where all the parameters of child malnutrition are at an alarming stage. 
Meghalaya (46.5 per cent), Bihar (42.9 per cent), Dadra & Nagar Haveli, and Daman 
& Diu (39.4 per cent) are the leading states that reported children less than 5 years 
who are stunted. Likewise, Maharashtra (25.6%), Gujarat (25.1%) and Bihar 
(22.9%) are the top states where children’s are wasted. Bihar (41 per cent), Gujarat 
(39.7 per cent), Dadra & Nagar Haveli and Daman & Diu (38.7 per cent) are the 
leading states of underweight children under 5.

Food security might be improved and assured by implementing policies and pro-
grammes to boost dietary diversity, as well as deployment of present and advanced 
technologies for food production, processing, preservation, and delivery. An ade-
quate, safe, and diverse food supply would aid in the prevention of malnutrition. 
The incorporation of kitchen garden in households can be a possible step in this 
direction.
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10.3  What Is a Kitchen Garden?

A kitchen garden is a type of area surrounding the house where vegetables as well 
as other herbs are planted for family consumption.

It can be done in little plot near the house for producing a variety of vegetables 
according to the season and choice of household. A kitchen garden gives a house-
hold the opportunity to cultivate its own food. The household can assure that the 
food it consumes is fresh and seasonal, and that it was cultivated organically (with-
out the use of harmful chemical pesticides or fertilizers). A kitchen garden can sup-
ply fruits and vegetables for a family all over the year. If the product surpasses the 
family’s usage, they can sell it and use the proceeds towards additional public places.

10.3.1  Why Make a Kitchen Garden

Vegetables are necessary element of a healthy meal since these provide a range of 
nutrients that are essential for a variety of bodily activities. Vegetables are necessary 
for growth, energy, and disease defense. Vegetables are especially beneficial for 
children, pregnant women, and nursing mothers who are more vulnerable to malnu-
trition. People need to have a nutritious diet to stay healthy. A nutritious diet con-
sists of a well-balanced combination of grains, bread, legumes, vegetables, herbs, 
and fruits, among other things.

The purpose for developing a kitchen garden is one or more of the purposes 
stated below:

• Encourage the growth of nutrient-dense fruits and vegetables.
• Enable individuals to make better dietary choices by providing them with more 

information.
• Increase the availability of nutritious food options for children and adolescents at 

doorstep
• Improve food security and availability of nutritious foods, particularly fruits and 

vegetables.

Kitchen gardens demonstrate how to grow a diverse and nutritious vegetable for use 
in the kitchen with minimal input and maximum output.

10.4  Role of Kitchen Garden

The very essence of having a kitchen garden in household was to ensure food secu-
rity of that particular family. Availability of fresh vegetables at one’s disposal and 
that too at any time of the day without going anywhere to purchase; serve as the 
basic idea behind establishing such low maintenance gardens. Even today this 
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serves as the prime motto behind kitchen gardens. Along with this, several other 
roles of kitchen gardens have been realized over time.

10.4.1  Role in Ensuring Food and Nutritional Security

Kitchen gardens are a genuine source of food and nutrition which if maintained 
properly provide fresh vegetables and fruits throughout year at low cost. Generally, 
kitchen gardens are established at backyards of houses near the water source and 
where there is presence of adequate sunlight. Usage of fertilizers and plant protec-
tion chemicals are minimum because the motto is not commercial but sustainable 
farming. Hence use of farm yard manure, natural sources of plant nutrition like bio- 
fertilizers and organic pesticides like neem oil etc. are more popular in backyard 
gardens. As a result, the vegetables and fruits which grow have minimum chemical 
residues, tastes better and are full of nutritional values. Arya et al. (2018) conducted 
a study in four districts viz. Bulandshahr, Muzaffarnagar, Gautam Budh Nagar and 
Baghpat of Western Uttar Pradesh, India where 160 families who had established 
kitchen gardens reported average production of vegetables to be 403.4 kg in the year 
2011–2012 and 2012–2013. Kitchen gardens provided farm families fresh organic 
vegetables ensuring food and nutritional security at low cost. Asaduzzaman et al. 
(2011) reported that homestead gardens, in other words kitchen gardens, of 
Bangladesh provided 364.56 gm of vegetable/person/day containing 179.83 kcal 
while the minimum requirement is 200 gm per person/day. Red amaranth produced 
highest (69,116 kcal) kcal/ m2 and spinach produced the lowest kcal/m2 (10,378 kcal) 
in homestead gardening. Such gardens contributed 10 percent towards achievement 
of food and nutritional security. Tribal households with kitchen gardens were 
reported to have additional intake of Iron 32.70% and Ca 110.40% in Seoni district 
of Madhya Pradesh, India (Rana et al. 2021). Singh et al. (2020) had studied the role 
of kitchen gardens in improving the nutritional level amongst rural women of 
Kannauj district, Uttar Pradesh, India. After implementation of planned kitchen gar-
dens in 60 selected families, 44 per cent increase in yield of vegetables was reported 
and benefit-cost ratio was found to be 6.13. Availability of vegetables per person for 
consumption increased from 80 gm to 200 gm and improvement in nutritional status 
was also observed through increase in BMI after six and twelve months trial. Even 
in Tanzania, the Per Capita Kilo Calorie Intake (PKCI) was reported to be reduced 
by 3.92% in households where there was absence of kitchen gardens (Sileshi 
et al. 2022).
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10.4.2  Role in Generation of Income and Savings

The produce from kitchen gardens is a source of income which generates improved 
livelihood opportunities, imparts rural development and entrepreneurship (Trinh 
et al. 2003; Calvet et al. 2012). Mitchell and Hanstad (2004) reported that kitchen 
garden products can be sold to earn additional income by the households (Eyzaguirre 
and Linares 2004; Torquebiau 1992; Niñez 1985) either directly or through devel-
opment of small cottage industry. Disposable income of households have increased 
through income generated from such activities and the savings generated by con-
suming home-grown produce. Income generated from sale of kitchen garden pro-
duce enabled households of Cambodia, Papua New Guinea and Nepal to save more, 
use the money for education and other services and also purchase different food 
items (Iannotti et al. 2009; Vasey 1985). Households in hills of Vietnam earned 22 
percent additional income through sale of kitchen garden produce (Trinh et  al. 
2003). Arya et al. (2018) reported average production of vegetables in 2012–2013 
by kitchen gardens of 160 farm families of Western Uttar Pradesh, India was 
406.27 kg which saved Rs 8057.50 of each farm family. Kitchen gardens are widely 
promoted amongst subsistence families of developing countries as a mechanism to 
avert poverty through additional source of income. It helps resource poor families 
by making production cost effective (Galhena et al. 2013).

10.4.3  Role as Shock Absorber in Food System and Alternative 
Source of Livelihood

Kitchen gardens are often less commercial and more subsistence in nature. This 
very quality indicates that they are not the primary source of livelihood because of 
their nature of small-scale operation. But these gardens have immense potential to 
act as alternate sources of livelihood as well as source of ready homemade fresh 
food. Any situation of food crisis can be averted if vegetables and fruits are available 
at the disposal. Also, any shortage in income like failure of agricultural crops in 
farm families due to any natural vagary can be minimized if kitchen gardens have 
seasonal vegetables, perennial fruits, livestock, flowers or medicinal herbs. Livestock 
component in kitchen gardens minimize risk due to crop losses and act as an asset 
to the household (Devendra and Thomas 2002).

10.4.4  Role in Curing Diseases

Plants serve as important source of medicine for humans and livestock and used to 
prepare biological pesticides. Herbs and medicinal plants are grown in kitchen gar-
dens globally. About 80 per cent people in developing countries use them to treat 
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various illnesses in cost effective manner (Rao and Rao 2006). Perera and Rajapakse 
(1991) reported that 30 per cent of 125 plant species of Kandyan kitchen gardens of 
Sri Lanka were exclusively planted for medicinal uses and about 12 per cent for 
mixed purposes while in Yucatan, 70 per cent had medicinal uses (Rico-Gray et al. 
1991). Medicinal plants are considered important in Bangladesh also (Millat-e- 
Mustafa et al. 2002) while kitchen gardens in Bukoba, Tanzania have plant species 
cultivated purely for medicinal purposes (Rugalema et al. 1994). Cinnamon, clove, 
nutmeg, lime, curry leaf, basil, aloe vera, neem, turmeric are popular medicinal 
plants in kitchen gardens of Tropical countries.

10.4.5  Role in Improvement of Nutrient Cycle, Ecological 
Balance and Biodiversity

Kitchen gardens use eco-friendly approaches for food production and conserve bio-
diversity and natural resources. Kitchen gardens usually have diverse flora and 
fauna (Galhena et al. 2013). Such gardens are complex agricultural production sys-
tems which promote biodiversity conservation. Buchmann (2009) reported that 25 
kitchen gardens in Central Cuba contained 182 plant species. Kitchen gardens con-
tain a wide variety of plant species which can be landraces, threatened or rare spe-
cies or cultivars grown for a set of desirable traits (Watson and Eyzaguirre 2002). 
Thus, they become ideal sites for in situ conservation of biodiversity and genetic 
material (Gajaseni and Gajaseni 1999; Trinh et al. 2003). They also serve as habitats 
for animals and beneficial organisms. These gardens help in nutrient recycling, 
reduced soil erosion and improved pollination (Pushpakumara et al. 2010).

Humans of the household, animals and plants share a symbiotic relationship with 
each other within the home gardens. The plants and animals of kitchen garden pro-
vide food and other benefits to the family while the later takes care of the former. 
Plant wastes are used as fodder for the animals and animal manure serves as com-
post to fertilize plants (Mitchell and Hanstad 2004). Hence nutrient cycling and 
ecological balance of an area is improved through kitchen garden.

10.4.6  Socio-Cultural and Aesthetic Role

Kitchen gardens are valuable repositories preserving indigenous crops and livestock 
species and the production techniques of which are also transferred over the genera-
tions (Soemarwoto 1984; Blanckaert et  al. 2004; Trinh et  al. 2003). Interactions 
circling around home gardens create and reinforce social status and ties within the 
community. The habit of households having home gardens of exchanging or gifting 
saplings and plant produce for social, cultural and religious purposes (Soemarwoto 
1984; Blanckaert et  al. 2004), strengthen social integration and generate social 
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capital. Beautifully decorated kitchen gardens with colourful seasonal flowers, veg-
etables, fruits can add to the beauty of a household and impart aesthetic value to the 
surroundings. Gardening is also a healthy hobby to follow which imparts positive 
vibes and good aura (https://agriculturegoods.com/).

10.4.7  Role in Empowerment of Women

It is not something new that women not only play the role of care giver of the family, 
but are also actively involved in food production. Women’s role in home gardening 
varies across cultures, including land preparation, planting, weeding, harvesting of 
produce (Moreno-Black et al. 1996; Keys and Kaqchikel 1999; Pandey et al. 2007). 
To women, home gardening imparts social and economic enrichment. A woman of 
Achuar Indian community in the upper Amazon, maintaining a lush kitchen garden 
is looked upon as someone having high social status and as agronomically compe-
tent woman in society (Descola 1994). Such a woman is considered more commit-
ted to family’s wellbeing and of high social eminence in Saraguro community of 
Andes (Finerman and Sackett 2003). For some women, sale of garden products are 
often the only source of income and livelihood (Marsh 1998). Kitchen gardens serve 
as important sources of income and in meeting daily food requirements in women- 
headed families (Rowe 2009).

10.5  Environmental Perspective of Kitchen Garden

10.5.1  Developing Eco-Literacy

Eco-literacy is vital for sustainable human communities and societies by under-
standing principles of ecosystems (Capra 1997). Eco-literacy helps to understand 
where food comes from and how it reaches on the table; so, it is foundational aspect 
of understanding health and sustainability and can have profound effects on the 
quality of life of individuals and the planet. So eco-literacy should start at an early 
age for preparing a person as an effective member of sustainable society. An eco- 
literate person shall develop head, heart, hands, and spirit for organic understanding 
of world, nature and environment (McBride et al. 2013). Worldwide various school 
kitchen gardening programme were successfully implemented for multifaceted 
development of students and deepen their awareness and understanding of food 
systems, local food movements, and nutrition; developing personal connections to 
the earth etc. The bunch of activities during planting, caring-nurturing, harvesting 
and then preparing and sharing foods in classroom may lead to enhanced ecological 
literacy (Fig. 10.1).
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Fig. 10.1 Schematic presentation of developing eco-literacy through school kitchen garden 
programme

10.5.2  Environmental Behaviour

Kitchen garden or homestead garden has profound influence on individual’s life-
style. Ever-changing climatic scenario also pushes individual to ‘think globally and 
act locally’. So, worldwide mankind is given encouragement to adopt more sustain-
able lifestyle by institutional bodies, groups, individuals etc. However, experience 
shows attitude and behaviour change is complex process specially while consider-
ing environmental behaviour. The framework suggested by Barr et al. (2001) and 
Barr and Gilg (2007) to understand environmental behaviour can be modified and 
used to understand environmental behaviour in kitchen gardening. The suggested 
model is mentioned below (Fig. 10.2).

10.5.3  Enhancing Resilience Against Direct and Indirect 
Effects of Shocks

Resilience is primarily viewed as a reactive, defensive mechanism induced by dis-
ruptive external changes (Sonnino and Griggs-Trevarthen 2013), and as a crisis- 
mitigating capacity (Barthel et al. 2013). Global experience highlighted resilience 
should be seen as proactivity, a potential for learning, as “internally produced and 
not just externally induced”, and as a “dynamic process in which change and rein-
vention provide the grounds for fundamental reform” (DeVerteuil and Golubchikov 
2016). Deriving lessons from Folke et al. (2003), Buchmann (2009) and Jehlička 
et al. (2019), following schematic representation of resilience through kitchen gar-
dening is shown (Fig. 10.3).
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Fig. 10.2 Adapted model for Environmental behaviour in kitchen garden

Fig. 10.3 Enhancing resilience through Kitchen Gardening
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10.6  Factors Affecting Kitchen Gardening (Table 10.2)

Table 10.2 Factor and their nature of influence in Kitchen gardening

Factors Nature of influence Study area Authors

Practice of school 
kitchen gardening 
programme on students 
and educators

This study reported children’s mental, 
emotional and social health is promoted 
through activities like kitchen gardening 
which requires direct contact with nature.

Melbourne 
primary 
schools

Maller 
(2009)

Practice of school kitchen gardening helps 
students in enhancing their academic 
performances, physical activity, language 
arts, healthful eating habits and acquiring 
nutritional knowledge.

USA Graham and 
Zidenberg- 
Cherr 
(2005)

Kitchen gardening in school involves 
students in practice and management of 
activities there by promotes physical 
activity

Canada Bell and 
Dyment 
(2006)

Study among second to fifth grade students 
in USA reported student’s knowledge 
enhanced but no significant difference in 
attitude. However, after participating in the 
programme, they reported that they started 
eating healthier snacks.

USA Koch et al. 
(2006)

School-based Stephanie Alexander kitchen 
Garden program was designed for 
introducing children to food education 
through growing, caring, harvesting, 
preparing and sharing healthy seasonal 
food. Hands-on experiences positively 
influence children’s attitude towards 
environmentally sustainable behaviour.

Australia Block et al. 
(2009)

Motivation in 
volunteering

Engagement in volunteering students in 
school kitchen garden programme depends 
on their initial motivation (like desire to be 
more involved with children, to learn and 
give back to the community, and to support 
personal beliefs about the project’s 
contribution to wider societal and 
environmental issues); benefits by actual 
volunteering and unexpected benefits. The 
challenges faced by the volunteers (like 
managing school community, volunteer 
workforce, wider community etc) did not 
come in the way of continuing engagement 
in the programme.

Australia Henryks 
(2011)

(continued)
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Table 10.2 (continued)

Factors Nature of influence Study area Authors

Pedagogical content 
knowledge of teachers

Context-specific PCKG2T model was an 
effective professional learning tool for 
teacher and indicated extent to which six 
components (knowledge of Gardening & 
Kitchen Concepts; understanding of 
students; understanding of Whnau/ 
community context; knowledge of relevant 
curriculum areas; teacher pedagogical 
knowledge; knowledge of resources) were 
used during teaching.

New 
Zealand

Narayan 
et al. (2020)

Motivation in 
gardening/ kitchen 
gardening/ home 
gardening

The study suggested motivations for 
gardening are more related with people’s 
way of living, keeping hobby, traditions 
etc. than to economic reasons. Other 
reasons were to continue traditional 
activity and also for physical exercise.

Iberian 
Peninsula, 
Europe

Reyes- 
García et al. 
(2012)

The study conducted among 360 
households with home gardens in Benin, 
West Africa and reported that food 
production (women reported) and 
medicinal plant production (men reported) 
were the main motivations of home 
gardens in Benin.

Benin, 
West Africa

Gbedomon 
et al. (2016)

The study conducted in Omani home- 
gardens reported top gardening motives 
were aesthetic, hobby, source for food, 
physical exercise and protecting 
environment. The top reasons identified for 
non-gardening were pavement space, lack 
of free land, adverse weather, high water 
bill and lack of knowledge about 
gardening.

Muscat, 
Oman

Al-Mayahi 
et al. (2019)

Relationship and appreciation for nature, 
apart from social issues and uses was 
significant motivation for gardening.

USA Clayton 
(2007)

Attitude of women Majority of the women in the Botswana 
study reported they were useful to the 
economy if they grow fruits and 
vegetables. Moreover, women should 
establish gardens to tackle food shortage 
due to unreliable rainfall for field crops.

Mochudi 
village of 
Botswana

Subair and 
Siyana 
(2003)

(continued)
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Table 10.2 (continued)

Factors Nature of influence Study area Authors

Nutritional linkage CARE’s experience in Bangladesh shows if 
homestead gardens are well planned for 
year-round production, then it can certainly 
increase the availability, consumption, and 
sales of vegetables for land-poor rural 
households, ultimately resulting into 
improved nutritional status. However, 
approach combining homestead production 
and nutrition education is required for 
behavioural change. Schoolchildren of 
grades 7 and 8 proved to be an effective 
vehicle for raising awareness about benefits 
(nutritional and economical) of homestead 
gardening.

Bangladesh Khan and 
Begum 
(2002)

Market access for rural development 
(MARD) project reported nutritional 
knowledge, feeding complementary foods 
to infants and preservation of foods, and 
consumption of 16 types of home-produced 
micronutrient-rich vegetables and fruits, 
vitamin A–rich plant products etc.

Nepal Jones et al. 
(2005)

Study on household diet diversity in 
Melghat concluded that increase dietary 
diversity might be achieved by adopting 
perennial kitchen garden and also through 
imparting adequate knowledge.

India Birdi and 
Shah (2016)

Environmental 
behaviour

Environmentalism is related with following 
behavioural characteristics
1. Alternative agricultural methods like 
organic production shares goal of 
environment and food production. The pro 
environmental attitude which is seen 
through local food movement, also 
influences individual to produce and 
consume in and from kitchen garden.
2. Association of outdoor activities with 
environmental behaviour
3. Environmental behaviour is associated 
with recycling and composting activities

USA Schupp and 
Sharp 
(2012)

(continued)
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Table 10.2 (continued)

Factors Nature of influence Study area Authors

Gender dimension Experience gained from the home garden 
project led by Bioversity International, 
Nepalese NGO LI-BIRD, and the Swiss 
Agency for Development cooperation 
(SDC) a project during 2002–2012, showed 
that project contributed in driving change 
in gender norms, such as formal education 
of girls and the feminization of agriculture. 
Women from participant households have 
increased their decision making capacity in 
their own households and community. The 
effect was prominent across different caste 
categories.

Nepal Elias et al. 
(2017)

Classified gardens as men’s garden, 
women’s garden, shared garden, and 
separated garden. They identified gender 
dimensions in gardening activities and 
noted men’s gardens tended to be “larger, 
more distant but women’s gardens had 
more biodiversity.

Iberian 
Peninsula 
of Europe

Reyes- 
García et al. 
(2010)

British women were more interested than 
Menin organic gardening

England Bhatti and 
Church 
(2000)

The way of gardening has profound 
influence on social relations (class, culture, 
power, gender etc) and environmental 
consequences. He argued to explore 
gendered division of labour in household 
and its impact on women’s gardening 
activities.

USA Hondagneu- 
Sotelo 
(2010)

Rural-urban continuum Reciprocity economy (sharing of goods 
between individual members of a 
community) was evident in high-poverty 
rural areas and redistributive economy 
(reallocation of resources within a 
collective social unit by formal 
governmental or charitable units) was 
found in low-income urban areas. Part of 
reciprocity economy is made up by home 
garden produce. They also found that rural 
areas had three times of gardens as the 
urban areas.

USA Morton 
et al. (2008)
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10.7  Case Study on Kitchen Gardening

10.7.1  Designing and Establishment of 200m2 
Nutri-Garden Model

Indian Council Agricultural Research –Research Complex for Eastern Region 
(ICAR-RCER), Patna, India has started establishing and standardizing Nutri-garden 
Model. In October 2019, two nutri-garden models of 100m2 and 200m2 were estab-
lished. Figure  10.4 shows the design of a nutri-garden model (rabi). The 100m2 
model was created for a family of 4–5 members, while the 200 m2 model was cre-
ated for a larger family of 7–8 members. The model was standardized and validated 
to meet the Indian Council of Medical Research (ICMR) recommendations for veg-
etable intake (200 g fruit vegetables, 50 g leafy vegetables, and 50 g root vegeta-
bles). The 200 m2 models were designed with nine fruit vegetables (tomato, brinjal, 
cabbage, cauliflower, broccoli, dolichos (sem), pea, capsicum, and broad bean) six 
leafy vegetables (palak, mustard green, coriander, methi, bathua and lafasaag), three 
root vegetables (carrot, radish, beet) in mind (Table 10.3).

An adult man/woman requires at least 200 g of vegetables per day, whereas peo-
ple in eastern India consume only 55–85  g/head/day, except potatoes and sweet 
potatoes. Several studies have found that the problem of malnutrition is worsening 
due to rural people’s lack of nutritional knowledge, resulting in a low intake of bal-
anced foods, including green vegetables. As a result, a scientific model of 

Table 10.3 Rabi season vegetable crop, plot size, planting space and seed rate for 200 m2 Nutri- 
garden Model

Vegetables (Plot size m) Seed rate (g)
Spacing 
(cm) Plant per plot

Palak (4 × 3) 180 15 × 5 1855
Coriander (4 × 3) 120 30 × 10 437
Mustard green (4 × 3) 35 15 × 5 1832
Radish (4 × 3) 45 20 × 10 785
Methi (3 × 1) 70 15 × 10 815
Beet (4 × 3) 50 20 × 15 430
Carrot (4 × 3) 35 20 × 10 635
Broccoli (4 × 3) 10 45 × 30 45
Tomato (4 × 3) 15 60 × 45 50
Capsucum (3 × 2) 7 60 × 45 18
Cauliflower (4 × 3) 10 45 × 30 45
Brinjal (4 × 3) 15 60 × 45 45
Sem (2 × 3) 150 45 × 30 24
Cabbage (4 × 3) 10 45 × 30 45
BathuaSaag (3 × 1) 2 60 × 45 15
Pea (4 × 3) 300 25 × 15 323
Lafasaag (3 × 1) 5 25 × 15 55
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nutri-garden is required to provide fresh and diverse vegetables while also meeting 
the nutritional needs of ultra-poor farmers (Ferdous et al. 2016). It also aids in the 
reduction of malnutrition, particularly among children and women, as well as 
improvement of nutritional issues such as anaemia, which are common among rural 
residents.

To address these concerns, nutri-garden model was created to make available 
vegetables at home through year-round vegetable production in the homesteads. 
This model contributed to household food security through increased nutritious food 
intake, increased consumption of home-grown vegetables helps in reducing con-
sumption expenditure of poor farm families, and generation of additional income for 
farmers through the sale of excess vegetables. While nutri-garden has many advan-
tages for developing countries, some key constraints include limited access to agri-
cultural inputs such as availability of quality planting material or seeds, damages 
from insect pests, diseases, animals, and theft, poor soil fertility etc. Despite its limi-
tations, the nutri-garden model is an environmentally friendly sustainable agricul-
tural practice that can improve food security and economic growth. Farmers were 
able to meet their daily vegetable requirements by following this model (Fig. 10.4).

Fig. 10.4 200 m2Nutri-garden Model (Shubha et al. 2019)
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10.7.2  Kitchen Gardening in Uttarakhand, India

Kitchen gardens and their remunerative aspect has been explored through case 
study conducted under DST-SARTHI project “Ensuring sustainable livelihood 
security” during 2016–2018 in Lower Shivalik Hills of Uttarakhand, India. Vegetable 
crops find an important place in kitchen gardens of India. Farmers aiming to maxi-
mize their income from relatively small landholding and uses their resources to high 
profit crops like vegetables. It was found that the whole family is engaged in inten-
sive but small-scale horticulture.

A number of improved vegetable seeds were demonstrated for kitchen garden at 
farmers’ field to improve nutritional security and enhancing farm income in Lower 
Shivalik Hills of Uttarakhand. Farmers used the seed in the backyard or free space 
in their house. Farmers of this region grew these vegetables without any inorganic 
fertilizer. The field data has been collected during Rabi 2017 from demonstrated 
field at Narsan, Laksar and Gaindikhata blocks of Haridwar district of Lower 
Shivalik Hills and it accounted average saving of Rs.120.00 per week per family 
from kitchen garden (Tables 10.4, 10.5 and Fig. 10.5).

Further to promote vegetable cultivation, in Rabi 2017, the following vegetables 
were demonstrated at farmers’ field. The economic analysis was based on primary 
date collected from farmer’s field through personal interview followed by focus 
group discussion and revealed kitchen gardens not only provide nutritional security 
of farmers, but additionally provide a handsome return also (Table 10.6).

Table 10.5 Economic analysis of kitchen gardening

Before After
Saving (Rs/per 
week)

Expenditure on purchasing 
vegetable (Rs/ week)

Expenditure on purchasing vegetable 
per week (Rs/week)

300.00 180.00 120.00

Source: Authors calculation

Table 10.4 Details of kitchen gardening

Crop Variety No of demonstration

Palak All green 100
Fenugreek PEB 100
Radish Pusa Chetki 100
Carrot Pusa Rudhira 100
Garden pea Pusa Pragati 100
Mustard sag Pusa sag 1 100
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Fig. 10.5 Kitchen gardening through distributed seeds

Table 10.6 Details of vegetable demonstrations

Crop Variety
Seed rate 
(acre)

Area 
(acre)

Yield (q/
acre)

Cost of 
cultivation 
(acre)

Gross 
income 
(Rs/acre)

Net return 
(Rs)

Brinjal Pusa 
Shyamla

42 gm 0.75 15–18 600–700 14,400–
18,000

13,800–
17,300

Palak All green 1.67–2 kg 1 9–12 600–700 6000 5400
Fenugreek PEB 1.67 kg 1 9–12 600–700 6000 5400
Carrot Pusa 

Rudhira
5–6 kg 0.67 120 600–700 30,000 29,400

Garden pea Pusa 
Pragati

100 kg 0.5 54–60 600–700 108,000 107,400

Mustard 
sag

Pusa 
sag- 1

3–4 kg 0.17 9–12 600–700 7200 6600

Source: Authors calculation based on field data during 2016–2018 under DST SARTHI project 
“Ensuring Sustainable Livelihood Security” in Lower Shivalik Hills of Uttarakhand

10.8  Constraints Faced During Kitchen Gardening Practices

Constraints or barriers impedes in developing intention to participate in kitchen 
gardening, in actual participation in kitchen gardening as well as it decreases the 
effectiveness of kitchen gardening among the practitioners. Study across globes 
found constraints or barriers in kitchen gardening that can be taken into consider-
ation in time of intervention planning by the development practitioners (Table 10.7).
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Table 10.7 Constraints of Kitchen gardening

Author Constraints of kitchen garden

Sethy et al. 
(2010)

Following constraints were identified in kitchen garden of Burdwan District, 
West Bengal, India. Input constraints (unavailability of quality planting materials 
of fruits and HYVs seeds of vegetables); technical constraints (lack of knowledge 
about improved varieties, seed rate and sowing time); socio-cultural constraints 
(fear of theft of the farm produce); post harvest constraints (difficulties in selling 
for small amount of surplus produce); general constraints (high monkey menace)

Lake et al. 
(2011)

The study conducted in edible gardens of Eastbourne residents, New Zealand 
reported perceived barriers (which factored into the intention to participate) and 
actual barriers (plays after the intention was formed) existed in edible gardening. 
Perceived barriers (having sufficient time, practical skills, physical ability, access 
to edible gardeners for support, knowledge of good types to grow, lack of wind, 
sufficient space, and sun to participate) differentiated between individuals 
intending to garden and those who did not intend to garden. Some of the barriers 
also acted as actual barriers which differentiated participants to non-participants 
in gardening. These are sufficient time, knowledge of growing of food, practical 
skills, space and sun.

Kortright and 
Wakefield 
(2011)

They identified most important barrier in gardening is gardening skills, however 
other barriers mentioned by the participants of the study are space, lack of sun, 
and soil quality etc.

10.9  Conclusion

Climate change has made formidable challenges in every sphere of human life, food 
system is also one of them. Effect of climate change in food production- distribution- 
consumption has made all the value chain actors to reorient or bring changes in their 
usual activities. Kitchen gardening is one such practice which enhances households’ 
resilience. The importance of eco-literacy through incorporation of suitable kitchen 
gardening programme, suitable competency-based skilling during volunteering etc. 
have immense role in developing ecological stewardship as well as imbibing sus-
tainable lifestyle from the very early age. The practice of kitchen gardening is not 
new, but to enhance effectiveness of kitchen gardening simultaneous efforts in nutri-
tional education, development and demonstration of suitable kitchen garden options; 
strategy to focus women from poor household etcare very much important to escape 
from Poverty-Nutrition Trap (PNT).
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Chapter 11
Protected Cultivation of High-Value 
Vegetable Crops Under Changing Climate

Rajiv and Meenakshi Kumari

Abstract Vegetables provide all the nutrients ingredients viz., vitamins, minerals, 
protein and nutraceutical properties that are essential for balanced diet, which makes 
vegetables protective food. In order to enhance the quality production and produc-
tivity per unit area of vegetable crops, protected cultivation technologies may be 
opted. Protected cultivation is a cropping technique wherein microclimate sur-
rounding the plants modified partially or fully to suite them for better production. It 
offers several advantages to produce vegetables of high quality and yields, thus 
using the land and other resources more efficiently. There are various protected 
structures/methods viz., plastic mulching, plastic low tunnel, walk-in-tunnel, high 
roof tunnel with or without ventilation, insect proof nethouse, shade nethouse, natu-
rally ventilated polyhouse, hi-tech or climate controlled greenhouse, retractable top 
greenhouse, rain shelters, etc. for large scale vegetable production. In hi-tech or 
climate controlled greenhouse, most of the parameters viz., temperature, light, 
humidity, fertilizer, irrigation is sensed and corrected as per programme through 
auto control systems. Soilless cultivation technology is system of plants growing in 
which solid rooting growing media are used instead of soil. The solid materials of 
soilless growing media in alone or mixtures may provide superior environment for 
plants in comparison to agricultural soil. Hydroponics and aeroponics technologies 
are also the predominant growing systems used under protected structures. These 
technologies offer numerous advantages such as saves water, increases crop produc-
tion, environment friendly, food can be grown round the year, and provides jobs for 
residents. Parthenocarpic cucumber, tomato, capsicums (coloured), and lettuce are 
well known for protected cultivation.
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11.1  Introduction

India is the second largest producer of vegetables after China in the world with a 
production of 184.40 million tonnes from 10.26 million hectares area (DAC&FW 
2018). Vegetables provide all the nutrients ingredients viz., vitamins, minerals, pro-
tein and nutraceutical properties that are essential for balanced diet, which makes 
vegetables protective food. According to the study of the Indian Council of Medical 
Research (ICMR), New Delhi and the National Institute of Nutrition (NIN), 
Hyderabad, changing food habit, limited availability of vegetables and high prices 
of pulses are considered responsible for malnutrition in India. Generally, vegetables 
are eating for nutrition, health maintenance and prevention of diseases. In develop-
ing countries vegetables are the main source of livelihood for most of communities 
because vegetables are loaded with several vitamins, carbohydrate, salts and pro-
teins (Solankey et al., 2021). To ensure good health it is recommended that a person 
should consume at least 300 g of vegetable as a part of balanced diet, comprising 
125 g leafy vegetables, 75 g other vegetables and 100 g root vegetables every day. 
The per capita land resources are shrinking due to the tremendous pressure of the 
population growth; therefore, it is very imperative to ensure the higher production 
and productivity per unit area. Vegetable crops are more productive than other crops, 
which have potential of providing more food per unit time and land area (Tomar 
et al. 2019). Thus, in order to enhance the quality production and productivity per 
unit area of vegetable crops, protected cultivation technologies may be opted. 
Protected cultivation offers several advantages to produce vegetables of high quality 
(Fig.  11.1) and yields, thus using the land and other resources more efficiently. 
Protected cultivation is more sustainable as the effect of climate is minimized 
(Pachiyappan et al. 2022). Protected cultivation of high-value crops offers higher 
productivity which in turn increases the profitability of the farm (Prakash et  al. 
2022). Therefore, growers would also be interested in this technology. However, 

Fig. 11.1 Cherry tomato: 
A quality produce of 
protected cultivation
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protected cultivation of vegetables has need of comparatively good management 
practices (Kashyap et al. 2019). In addition to nutritional security, vegetables pro-
duction enhances the economy because it is an excellent source of income and 
employment as well. The share of vegetables is maximum (59–61%) in horticulture 
crop productions over the last five years in India (DAC&FW 2018).

11.1.1  Protected Cultivation

It is a cropping technique wherein microclimate surrounding the plants modified 
partially or fully to suite them for better production. In this technology land and 
water requirement is minimized for plants to yield better. Protected cultivation tech-
nologies cover climate control or hi-tech greenhouses, use of sensors, naturally- 
ventilated green/ polyhouses, hydroponics, aeroponics, plasticulture, drip irrigation, 
fertigation, mulching, integrated greenhouse pest and nutrient management, low 
cost protected structures like insect-proof and shade nethouses, soilless cultivation 
and vertical farms with good agricultural practices (Singh 2018; Singh 2019). It is 
system of controlled environmental agriculture in which all characteristics of the 
real environment are altered for highest economic return (Kashyap et al. 2019).

11.1.2  Scenario of Protected Cultivation in India and World

In India, protected cultivation is become popular because of its potentiality and 
profitability. This hi-tech protected farming of vegetables and high-value horticul-
tural crops came through the Indo-Israel project, initiated at Indian Agricultural 
Research Institute (IARI), New Delhi in 1998. By the end of the twentieth century 
area under the protected cultivation was about 110 ha in India and the world over 
275,000 hectares. Presently, total space coated under protected cultivation in India 
is approx. 30,000 ha (Pattnaik and Mohanty 2021). In the last decade, India has 
greatly accepted this new technique, and today this farming method done by almost 
every Indian state.

Greenhouse crop production is currently a growing reality throughout the planet 
with associate calculable 405,000 hectares of greenhouses contact all the continents 
(Pattnaik and Mohanty 2021). China is the largest users of greenhouses. The devel-
opment of greenhouse technology in China has been faster than in any other country 
in the world. In China, alongside an unpretentious inception in late seventies, the 
area under greenhouses was expanded extensively (Kacira 2011).
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11.1.3  Need to Go for Protected Cultivation

There is currently a high demand from consumers for a year-round supply of quality 
vegetables. The challenge of supplying high quality vegetables all year round can be 
met by adopting one of two basic strategies such as (i) growing in high-tech green-
houses, avoiding strong dependence on the outdoor climate or (ii) growing in two or 
more locations with complementary harvesting periods, enabling a regular and syn-
chronized year-round supply to markets (Castilla and Hernandez, 2007).

The United Nations (UN) population branch has estimated that the world popula-
tion could reach 9.15 billion by 2050, thus the expected rate of increase in world 
population will be 2.25 percent over the next forty years. 80 million peoples are 
added to the planet’s population per annum. Food security has become a major con-
cern at present and agriculture sector is going down because of climate changes 
along with food borne diseases are increasing, water distribution to agriculture 
farming is becoming scares in many areas. To feed countless mouth we will need to 
generate enough food with the restricted land, water and nutrient sources and this is 
accomplished through protected cultivation (Jat et al. 2019).

11.2  Major Advantages of Protected Cultivation System

According to Singh 2018 and Singh 2019, the Major advantages of Protected culti-
vation system are as follows:

 1. Larger increase in productivity, quality and income.
 2. The productivity of water is high.
 3. Remarkable reduction in pesticide use.
 4. Higher price because of off-season production.
 5. Affordable economical greenhouses/polyhouse/poly tunnel/nethouses are fab-

ricated locally, by small-scale entrepreneurs, which generate employment.
 6. Expensive greenhouse cultivation methods such as hydroponics, vertical farm-

ing, aeroponics and hi-tech plant nursery production are pre-urban and unban 
farming of tomorrow.

 7. It balanced light, temperature and humidity inside the structure.
 8. Production cycle is longer.
 9. Suitable for off-season and high value crops.
 10. Generates employment.

11.3  Components of the Protected Cultivation System

Singh 2019 has proposed two main constituents in protected cultivation technology.
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11.3.1  Agriculture Engineering

It deals with structures and engineering inputs.

11.3.2  Crop Production Technology

It involves development of hybrids and high-yielding varieties suitable for protected 
cultivation, their package of practices to manage pests, harvest preferably following 
good agriculture practices.

11.4  Protected Structures for Vegetable Cultivation

There are various protected structures/methods viz., plastic mulching, plastic low 
tunnel, walk-in-tunnel, high roof tunnel with or without ventilation, insect proof 
nethouse, shade nethouse, naturally ventilated polyhouse, hi-tech or climate con-
trolled greenhouse, retractable top greenhouse, rain shelters, etc. for large scale veg-
etable production. A brief discussion of some of these is mentioned below:

11.4.1  Plastic Mulching

The plastic sheet/film of 10–15 micron thickness is used as mulching which reduces 
the evaporation and acts as a barrier for emergence of weeds (Fig. 11.2). It is conve-
nient for large-scale cultivation of vegetables (Singh and Choudhary 2019). There 
are different colours plastic films used as mulches such as silver-black, black, yel-
low, red, etc. It enhances uptake of micronutrients, sustain soil moisture and 
increases quality (Singh 2018; Singh 2019).

Fig. 11.2 Plastic mulching
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11.4.2  Plastic Low Tunnel

Plastic low tunnel is miniature structure and facilitates entrapment of carbon di 
oxide thereby enhancing the photosynthetic activity. It safeguards plants from 
severe climatic conditions such as rain, wind, hail, snow, etc. It is mainly used for 
raising nursery for early germination of seeds and production of healthy saplings. 
Plastic low tunnels are also helpful in round the year cultivation of certain crops. 
This low cost technology is helpful in raising early cucurbits in north India by pro-
tecting them from low temperature and frost and has expended in a remarkable way 
in India and abroad (Fig. 11.3). The cost of low tunnels is affordable by most of the 
farmers. Non-woven fabrics in place of low tunnel cladding-plastic are gradually 
becoming popular (Singh 2018; Singh 2019). Presently, the area under plastic low 
tunnel technology is estimated to be around 30–40 thousand hectares (Singh and 
Choudhary 2019).

11.4.3  Walk–In-Tunnel

This is a low-price and temporary structure assembled on half-inch GI pipes cov-
ered with transparent plastic (UV grade film) with 200 micron thickness. Generally, 
tunnel height is 2 or 3 meters with around 4 meters width. It is suitable for raising 
plant nursery and off-season cultivation of vegetables particularly cucurbitaceous 
crops (Fig. 11.4). However, it is also suitable for production of tomato, brinjal, cap-
sicum, leafy vegetables and early production of certain vegetables. It should be 
prepared to hold out against wind up to 120 km/h and trellising burden up to 25 kg/
m2 (Singh 2018; Singh 2019; Singh and Choudhary 2019).

Fig. 11.3 Plastic low tunnels
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Fig. 11.4 Cucurbitaceous 
crop under walk-in-tunnel

Fig. 11.5 Insect proof 
nethouse

11.4.4  Insect Proof Nethouse

It is a closed crop production system and structure covered with insect proof nylon 
net (UV stabilized) of 40 mesh (Fig. 11.5). UV stabilized insect nets have a longer 
life. Such type of structure is preferred for several vegetables like seedless cucum-
ber, tomato, capsicum, brinjal, etc. Double layer nethouses are also available which 
lowers the temperature in summer months (Singh 2018; Singh 2019). The availabil-
ity of the nets is in distinct strength of holes (25 to 60 mesh). It is also acceptable for 
hybrid seed production of high value vegetable crops (Jat et al. 2015; Jat et al. 2016).

11.4.5  Shade Nethouse

This structure is covered with shade net of different shading intensity (20–75%) and 
used to grow the crops which are affected adversely by high temperature and high 
radiation (Singh and Choudhary 2019). This technology is very useful in improve-
ment of healthy grafts/seedlings as well as hardening for seedlings/saplings 
(Fig. 11.6). Shade nethouses are made keeping in view the requirements of kind of 
crop to be raised generally with 6–8 feet height (Singh 2018; Singh 2019). Leafy 
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Fig. 11.6 Shade nethouses

Fig. 11.7 Naturally ventilated polyhouses

vegetables are mainly recommended to be grown under shade nethouses (Sirohi 
2003). In arid and semi-arid regions, this technology is advised for cultivation of 
different vegetable crops on large scale during severe summer months (Singh and 
Choudhary 2019).

11.4.6  Naturally Ventilated Green/Polyhouse

There are two types of naturally ventilated green/polyhouses viz., single and multi- 
span. Both structures are erected on GI pipes covered with UV stabilized transpar-
ent plastic/film (Fig. 11.7) and are found suitable for round the year production of 
crops depending on the geographical area. Single span is made with central height 
of 5 meters, side ventilation of 3 meters along with roll-able poly-cover with or 
without roof ventilation and double door entry. Generally, multi-span naturally ven-
tilated polyhouse with a central height of 6.5 meters, gutter height of 4.25 meters 
and side ventilation of 1.5 meters is considered more suitable and economical for 
raising vegetable crops. Naturally ventilated polyhouses have been found suitable 
for cultivation of large number of vegetables besides raising their nurseries (Singh 
2018; Singh 2019). It should be equipped with foggers for reduce the temperature 
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during peak summer months. These structures are also fit for seed production 
(hybrid) with seed productivity of two-three times more in comparison to open field 
condition (Singh and Tomar 2015).

11.4.7  Polyhouse with Pad and Fan System

This polyhouse unlike naturally ventilated polyhouse has exhaust fan and cellulose 
cooling pad system to regulate temperature and humidity (Fig. 11.8). They have 
generally 4.5 meters height with common side and top ventilation. The pads of 
150 mm thickness are allied at the height of 1.8 m in the structures. The establish-
ment, operation and maintenance charges are high. This house is required to be 
equipped with overhead sprinklers for cooling in peak summer (Singh 2018; Singh 
2019). It is suitable for raising vegetable seedlings and off-season cultivation of 
vegetable crops.

11.4.8  Hi-Tech or Climate Controlled Greenhouse

Hi-tech greenhouse is a climate controlled structure and have a variety of applica-
tions such as off-season growing of vegetables, foliage and flower plants, planting 
material multiplication and acclimatization, plant breeding and new varieties and 
hybrids development. This is available in different sizes ranging from as small as 
100m2 to 10,000m2 and more and constructed as per requirement. In this house, 
most of the parameters viz., temperature, light, humidity, fertilizer, irrigation is 
sensed and corrected as per programme through auto control systems. The climatic 
requirements of vegetable crops under protected cultivation have been presented in 
Table 11.1. Hi-tech greenhouse can be fully or partially automated and mechanized. 
This is considered, based on experience, very good and essential structure for nurs-
ery multiplication of vegetable crops in plugs with soilless medium (Singh 2018; 

Fig. 11.8 Polyhouse with 
pad and fan system
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Table 11.1 Climatic necessity of different crops under protected cultivation

Crop
Temperature (°C)

Humidity (%) Light intensity (lux)Day Night

Solanum lycopersicum L. 22 to 27 15 to 19 50 to 65 50,000 to 60,000
Cucumis sativus L. 24 to 27 18 to 19 60 to 65 50,000 to 60,000
Capsicum annuum L. 21 to 24 18 to 20 50 to 65 50,000 to 60,000
Seedling (nursery) 22 to 27 16 to 19 50 to 65 50,000 to 60,000

Singh 2019). Hybrid seed of different vegetable crops may be produced under semi- 
climate controlled greenhouses with three-four times more productivity in compari-
son to open filed conditions (Jat et al. 2017).

Solar radiation, air temperature and air relative humidity are important alterable 
of the greenhouse climate that can be controlled (Kittas et al. 2013). The quality of 
greenhouse produce enhance with the help of improved controlled climate (Castilla 
and Montero 2008).

Modified from Singh et al. (2015).

11.4.9  Retractable Roof Greenhouse

This structure protects leaf and root of the plants from extreme environmental con-
ditions i.e. imprudent or deficient heat, cold, wind, rain, and disorders related to 
inadequate transpiration. The arrangement of roof, walls and curtain systems with 
automation in structure of the retractable roof greenhouse can create an outdoor 
greenhouse and modified greenhouse conditions for the plants (Singh 2018; 
Singh 2019).

11.4.10  Rain Shelter

This structure is also known as a low cost naturally ventilated polyhouse. It is found 
ideal for off-season vegetable cultivation in high rainfall areas (Fig.  11.9). Off- 
season cultivation of vegetables by utilizing low cost protected structures like rain 
shelter can be considered as a profitable enterprise besides protecting crop nurseries 
from high rain during monsoon months. Such structures are boon for vegetable 
production in rainy season (Singh 2018; Singh 2019).
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Fig. 11.9 Rain shelters

11.5  Classification of Green/Polyhouse Based on Cost

Based on cost, the different types of green/ polyhouse are as follows (Singh 
et al., 2015):

11.5.1  Low-Cost Green/Polyhouse

This structure is made with bamboos, ropes and nails and covered with 200-micron 
(800 gauge) transparent polythene sheet. The temperature within structure increases 
by 6–100 C more than outer. The polythene sheet is reduced 30–40% solar radiation. 
Generally, this structure is used for safeguard the crop from heavy rainfall.

11.5.2  Medium Cost Green/Polyhouse

The structure is built up with 15  mm diameter of GI pipes and covered with 
UV-stabilized polythene (200-micron thickness) in single layer. Naturally venti-
lated with exhaust fans and naturally ventilated with fan-pad system are examples 
of this type of green/polyhouse. The fan-pad system lowers the temperature in 
polyhouse.
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11.5.3  High-Cost Green/ Polyhouse

This structure is constructed with GI pipes having cone or dome shaped design. 
Light, humidity and temperature are controlled automatically with the help of sen-
sors as per requirement of the crop. The cost of structure is approximately five to six 
times more. It desires genuine maintenance, appropriate care and trained operator.

Generally, depending on the covering material (glass or flexible plastic) of green-
house structure, different terminologies are being used. A greenhouse with glass as 
the covering material is called as greenhouse whereas polyethylene as the covering 
material is known as polyhouse (Sirohi 2003).

11.6  Protected Cultivation Technologies

11.6.1  Low Tunnel Technology

Growing off-season crops in controlled atmosphere inside polythene tunnels is 
known as tunnel technology. During the period of December to February, it is not 
feasible to cultivate summer vegetables in open field conditions because of high 
frost and low temperature. However, inside polythene tunnels these vegetables can 
grow with their maximum growth and yield by providing genuine atmosphere to the 
plants (Tomar et al. 2019). Low tunnel technology is most acceptable as well as 
beneficial in northern plains of India (Singh and Solanki 2015).

11.6.1.1  Off-Season Cucurbits Production with Low Tunnel Technology

Low tunnels or row covers are pliable transparent plastic (23–30 micron) and cre-
ates microenvironment under the tunnel. Low tunnels effectively increase air and 
soil temperature thus enhancing the vegetative growth, improve water and nutrient 
use efficiency and increases yield. The cucurbits can be advanced by 30-40 days in 
comparison to the normal sowing time. Therefore, this technology can improve pro-
ductivity and land use efficiency. This technology is most acceptable for off-season 
cultivation of cucurbits (Tomar et al. 2019).

11.6.1.2  Seedlings Raising of Cucurbits Under Low Tunnels 
for Off-Season

During the month of December or January, the cucurbits seedlings are raised in 
plastic pro-trays of 1.5″ cell size in soilless media with low tunnel technology. In 
northern parts of the India, at four leaves stage (28–32 days old) seedlings are trans-
planted under low tunnel in the open field when the night temperature is very low 
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(from mid-January to mid-February). Even though, for complete off-season produc-
tion the summer squash may transplant in December month and crop will ready to 
harvest in the first week of February. This crop will realize exceptionally good price 
in the market (Tomar et al. 2019).

11.6.1.3  Seedling Transplanting of Cucurbits Under Low Tunnel

The flexible galvanized iron hoops with a height of 40-60 cm are fixed on beds at a 
distance of 1.5–2.5 m before seedling transplanting. The distance between two ends 
of hoop is maintained 40-60 cm. Thereafter, the seedlings of cucurbits are trans-
planted at a spacing of 1.5–1.6 × 0.50 m in single row on each bed and cover the 
rows or beds with transparent plastic (30 micron) in the afternoon. Low tunnels 
keep higher temperature inside the structure than outside field. During peak day 
time of growing season when temperature increases inside the tunnels, 3–4 cm size 
vents are made in plastic at a distance of 2.5–3.0 m on eastern side just below the 
top. Further, the size of vents may enlarge with the increase in the temperature. 
Finally, in the month of February and March entirely plastic will take out from the 
plants depending on crop growth and current night temperature (Tomar et al. 2019).

11.6.1.4  Seedlings Raising of Tomato, Chilli and Brinjal under 
Low Tunnel

In Northern India nursery of tomato, chilli and brinjal is raised under low tunnel in 
the month of December-January for early transplanting of the seedlings. The seeds 
are sown in the nursery bed and nursery bed is covered with fabricated tunnel (size: 
3.0 m long and 1.5 m wide along with 1.0 m central height). The semi-circular struc-
ture is clad with UV polythene sheet (20 Micron) with 75% transmittance. Low 
tunnel is also used for raising seedlings of cole crops during rainy season with side 
ventilation.

11.6.1.5  Fertigation in Low Tunnels

The water may be applied @ 4.0 m3/1000 m2 at six-seven days interval during the 
period of first month with fertilizer solution of N:P:K (5:3:5) @ 50-100 ppm per 
cubic meter of water. Thereafter, water @ 4.0 m3 along with fertilizer solution @ 
120-150 ppm/m3 of water may apply at 4 days interval in second month to until 
beginning of flowering. The quantity of fertigation is expanded up to 300 ppm at the 
peak of fruiting period (Tomar et al. 2019)
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11.6.1.6  Pollination under Low Tunnels

Majority of the cucurbits being monoecious need pollination. The main pollinating 
agent is honeybees (Apis melifera). At the time of complete flowering, one beehive/
acre area is required for effective pollination and bees will work in tunnels easily 
through the vents. For effective working of bees, the beehive box should keep on the 
north-west side of the field.

11.6.1.7  Harvesting and Crop Advancement under Low Tunnel

In northern plains of the India, low technology is fully cost effective for growing 
off-season vegetable crops in peri-urban areas. Different cucurbit crops may advance 
30–60 days by transplanting them from December (first week) to February (first 
week) over their usual season of cultivation (Table 11.2).

Table 11.2 Crop advancement and transplanting time in cucurbits under low tunnel

S. No.
Name of the 
crop

Time of 
transplanting

Time of 
harvesting

Crop 
advancement 
(days)

Anticipated 
yield (q/ha)

Expected 
cost 
benefit 
ratio

1. Cucumber January (IIIrd 
week) – 
February (Ist 
week)

March (Ist 
week)

25–30 125–150 1:2.0–
1:2.5

2. Muskmelon January (IIIrd 
week) – 
February (Ist 
week)

April (IInd 
week) – 
April (last 
week)

30–40 200–250 1:2.5–
1:3.0

3. Summer 
squash

December (Ist 
week)

February (Ist 
week)

40–60 400–500 1:3.0–
1:3.5

4. Bottle gourd January (IIIrd 
week) – 
February (Ist 
week)

April (IInd 
week) – 
April (last 
week)

30–40 250–300 1:2.0–
1:2.5

5. Bitter gourd January (IIIrd 
week) – 
February (Ist 
week)

April (IInd 
week) – 
April (last 
week)

25–30 100–150 1:2.0–
1:2.5

6. Water 
melon

January (IIIrd 
week) – 
February (Ist 
week)

April (IInd 
week) – 
April (last 
week)

25–30 200–250 1:2.0–
1:2.5

Modified from Tomar et al. (2019)
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11.6.2  Hydroponics Technology

Hydroponics is the predominant growing system used under protected structures. In 
this system, soil is replaced with growing medium like cocopeat, perlite, rockwool, 
gravel etc. Here, the plant roots are submerged in the solution of nutrients 
(Fig. 11.10). This technology can reduce the various soil associated issues viz., bac-
teria, fungus, and insects which develop in soil. It requires relatively low mainte-
nance. It is a cleaner process, which excludes use of animal excreta and provides an 
easier way to control nutrient levels and pH balance. In this technology, the best 
combination of nutrients is applied hence, yielded more with consistent produce. 
With the NFT system, a thin film of nutrient solution flows through plastic channels, 
which contain the plant roots with no solid planting media (Singh 2018; Singh 2019).

11.6.3  Aeroponics Technology

National Aeronautical and Space Administration (NASA) coined the term aeropon-
ics in the 1990’s. The aeroponics may be defined as growing plants in an air or mist 
environment with no soil and very little water. In aeroponics system, the plant boxes 
are stacked in such a manner that the bottom and top of the plants are hanged in air 
allowing the crown to grow upward and the roots down ward freely. The plants are 
fed through a fine mist containing nutrient rich and water mix solution with the help 
of sensors, which can be fully recycled as the system is an enclosed one. High den-
sity planting can be carried out in aeroponics making harvesting easier and provid-
ing higher yield (Jat et al. 2019). It is commonly used for growing leafy vegetables 
particularly lettuce and herbs in vertical system of farming. For plant factories, this 
is an appropriate technology.

Fig. 11.10 Hydroponics technology
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Advantages of Hydroponics and Aeroponics Technology
These technologies are important for protected cultivation in following ways (Jat 
et al. 2019):

• Increase crop production
• Continuous crop production
• Crops are grown indoors therefore, no crop failures due weather related problems.
• Organic crop production is feasible
• Conservation and recycling of natural resources
• Hydroponic system uses 70% less water
• Mechanical equipment is not required hence, reduces the use of fossil fuel
• Environment friendly
• Sustainable ecology as the urban sewage is purified, solar panels and wind tur-

bines as a source of energy making the system entirely sustainable
• Food can be grown round the year
• Provide jobs for residents

11.6.4  Microgreens: A Smart Food

Microgreens are young edible seedlings of vegetables, herbs and plants rich in fla-
vour and nutrition. Microgreens are the infant version of plants (Fig. 11.11). They 
are more healthier (4–40 times) than their full-grown stages. Usually, they are har-
vested at a height of 2.5–7.6 cm (within 14 days of the seed germination) and con-
sumed because of the highest amount of anti-oxidants as well as nutritional benefits 
at this stages (Table 11.3). They are grown under protected structures (Singh 2018; 
Singh 2019).

Seedling colour, flavour, texture and market demand are base for selection of the 
crop for microgreens. However, the most potential microgreens are found in vege-
table crops belonging to the family amaranthaceae, chenopodiaceae, cruciferae and 
apiaceae. The crop for microgreens should have high nutritive values with very fast 

Fig. 11.11 Vegetable 
microgreens
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Table 11.3 Antioxidant potential of microgreens

S. No. Microgreen Days to harvesting Antioxidant activity (μmol TE/g)

1. Bottle gourd 11 8.35
2. Cucumber 9 4.65
3. Pumpkin 10 8.92
4. Amaranthus red 9 4.60
5. Amaranthus green 19 2.15
6. Amaranthus Katwa 12 4.58
7. Basella 12 3.90
8. Water spinach 9 20.23
9. Radish 9 17.77
10. Palak 11 6.71
11. Carrot 15 26.81
12. Fennel 14 16.88

Fig. 11.12 Plug tray seedlings raising under protected conditions

germination and easy to grow as well. Generally, sterilized soilless media (coco 
peat, vermiculite and perlite in a ratio of 2:1:1) is recommended for best growth of 
microgreens. Around 6–8 seeds and 10–12 seeds per square inch are sown for larger 
and smaller seed, respectively. Microgreens are extremely perishable due to their 
more respiration rate. Hence, its shelf life is very short i.e., 3–5 days at ambient 
temperature (Anonymous 2016).

Modified from Anonymous (2016).

11.6.5  Plug Tray Seedlings Raising Technology

Under this technology seedlings are raised in plastic multicell plug tray in artificial 
soilless media in principally designed protected structure (Fig. 11.12). By this tech-
nology, the healthy and off-season seedlings can produce and it will help in generate 
the additional employment in horticulture sector. This is the major and first key step 
for increasing yield, quality and profitability in vegetable crops through protected 
cultivation technology. A nursery greenhouse area of 1000 m2 is able to develop 
about 15–20 lakhs of vegetable seedlings and can generate the net return of Rs. 
2.5–3.0 lakhs. Therefore, it is capable to create employment for 4–5 youths through-
out the year (Singh et al. 2005; Singh and Solanki 2015).
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11.6.6  Soilless Cultivation Technology

It is systems of plants growing in which solid rooting growing media are used 
instead of soil. The solid materials of soilless growing media in alone or mixtures 
may provide superior environment for plants in comparison to agricultural soil. 
Therefore, these growing media may helpful in healthy vegetable production with 
higher yield (Gruda et al. 2013). Usually, the containers and sometimes prepared 
cubes, bags, slabs, mats, troughs, etc. are used for soilless cultivation (Fig. 11.13). 
The containers are filling up with required sterile mix and put down under con-
trolled environment (Sehrawat and Malik 2015).

Soilless culture offers numerous advantages such as virtual absence of nema-
todes and pathogens, gives fine aeration and drainage, economizes the fertilizer use 
due to nutrient control, adequate oxygen exchange, anchorage or support to plant, 
light weight and standardization in comparison to natural soil culture and land-less 
growers are also able to grow vegetables. The plant growing media in soil-less cul-
tivation technology are cocopeat, rockwool, vermiculite, perlite, bark chips, saw-
dust, sand, gravel, pumice, polyurethane mats, sand, rice hulls, bagasse, water, air, 
etc. It has become a desirable practice in to have vegetable and other crop nurseries 
in plug trays multiplied in soilless medium under protected conditions. Production 
of vegetables like leafy vegetables mainly lettuce, tomato, capsicum, cucumber is 
becoming popular to grow with soilless cultivation technology (Singh 2018; 
Singh 2019).

11.7  Vegetable Crops and their Varieties/Hybrids

In protected cultivation, the selection of varieties may remarkably affect the eco-
nomic return (La Malfa and Leonardi 2001). The varieties for protected cultivation 
are vary from open-field vegetable productions. Parthenocarpic cucumber, tomato, 
capsicums (coloured), and lettuce are well known for protected cultivation 
(Table 11.4).

The details of major varieties/ hybrids of the high value vegetable crops suitable 
for protected cultivation and developed by public and private sectors are 
described below:

Fig. 11.13 Crops in soilless growing media
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Table 11.4 Vegetables varieties suitable for protected cultivation

Sl. 
No. Crops Variety/ hybrids

1. Tomato ID-32, ID-37, Rakshita, Himsona, Himsikhar, Snehlata, Naveen, 
GS-600

2. Coloured capsicum Natasha, Swarna, Indra, Bombi, Orobelle, bachata, inspiration
3. Parthenocarpic 

cucumber
Isatis, Kian, Hilton, sun star, multistar, Fadia, mini angel

4. Summer squash Pusa Alankar, Pusa Pasand, Australian green, Seoul green, Kora, 
yellow zucchini, Himanshu

5. Bitter gourd Pusa Rasdar
6. Musk melon Pusa Sarda

Adapted from Solankey et al. (2021)

11.7.1  Tomato (Solanum lycopersicum L.)

The major varieties/hybrids are as under:

 1. Pant Polyhouse Tomato-2: Average fruit weight 100-105 g, pericarp thickness 
0.9-1.0cm (better storage quality) and 5-6 fruits per cluster.

 2. Pant Polyhouse Hybrid Tomato-1: Large fruit weight (130-140 g), pericarp 
thickness 1.0-1.25cm (better storage quality) and 7-8 fruits per cluster.

 3. Arka Rakshak: This hybrid is resistant to triple disease (ToLCV+BW+EB) with 
the yield potential of 75-80 t/ha in 140 days. Fruits are medium (90-100 g) with 
superior storage quality (15-20 days).

 4. Heemsohna: Fruit are medium in size (90–100 g) with outstanding serviceable 
life. Long duration, high productivity, and plants are tall vigorous with profuse 
branching.

 5. Heemshikhar: Fruits are medium in size (80–90 g) and uniform with outstanding 
serviceable life. Long duration, high productivity, and plants are tall vigorous 
with profuse branching.

 6. Pusa Hybrid-4: Fruits are medium sized (70–80  g), round, attractive, smooth 
with thick pericarp and uniform ripening. Plants are compact, determinate with 
dark green leaves and field resistance to root knot nematode. Average yield is 
54.8 t/ha.

 7. Pusa Hybrid-8: Fruits are medium (75–80  g), round with uniform ripening. 
Plants are compact, determinate and massive fruit bearer. Average yield is 
43–45 t/ha.

 8. Punjab Sartaj: Plants are indeterminate. Fruits are round, medium (average fruit 
weight 85  g) and firm. Average yield 90  t/acre under polyhouse (Dhaliwal 
et al. 2016).

 9. Punjab Gaurav: Plants are indeterminate. Fruits are oval, medium (average fruit 
weight 90 g), very firm with pointed tip and excellent shelf life. Average yield 
93.5 t/acre under polyhouse (Dhaliwal et al. 2016).
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Some of the indigenous and multinational seed companies’ varieties/hybrids are 
Rakshita, NS-4266 (Fig.  11.14), Snehlata, Avinash-2, GS-600, Shreshtha, Avtar, 
Indam Hybrid, All Rounder, Arka Samrat, Arka Meghali, Arka Surabhi, Tropic, 
Tolstoi, Dombello and Tuckcross-520 (Singh 2018; Singh 2019; Singh et al. 2015; 
Anonymous 2021).

11.7.2  Cherry Tomato (Solanum lycopersicum 
var. cerasiforme)

The major released and/or popular varieties are as under (Fig. 11.15):

 1. Pusa Cherry Tomato 1: Fruits are deep red, uniform ripening, round with average 
fruit weight of 13 g. Average fruit weight is 22 kg/plant with yield potential of 
4–5 tonnes/1000  m2. Vine length is 9–12  m and crop duration is about 
9–10  months (https://ztmbpd.iari.res.in/technologies/varietieshybrids/vegeta-
bles/cherry- tomato).

 2. Punjab Red Cherry: Red fruited variety, fruit weight 8–14 g, plant having the 
capacity to yield 4–4.5 kg of fruit, tolerant to leaf curl virus, total soluble sugars 
(TSS) 8–9 per cent, 18–20 fruits per cluster and yields 110 t/ha.

 3. Punjab Sona: Fruits are yellow with 7.5% TSS and 13 mg carotene/100 g fruits. 
Bears 20–25 fruits per cluster and yields 105 t/ha.

Fig. 11.14 Regular tomato 
under protected condition

Fig. 11.15 Cherry tomato 
under protected condition

Rajiv and M. Kumari

https://ztmbpd.iari.res.in/technologies/varietieshybrids/vegetables/cherry-tomato/
https://ztmbpd.iari.res.in/technologies/varietieshybrids/vegetables/cherry-tomato/


249

 4. Punjab Kesar: Fruits are orange with 7.6% TSS and 13 mg carotene/100 g fruits. 
Bears 1–23 fruits per cluster and yields 100 t/ha (Malik et al. 2017).

 5. Nagmoti: Early maturing, vigorous plant with good foliage, fruits are small, 
round, shining deep red (ripe), firm and uniform in shape and very good flavour 
and sweetness.

Some of the other varieties/hybrids available in the market are BR-124 (Holland), 
Olle, Sairan, NS Cherry-1, Pant Cherry tomato, Pairesco, Rosa (Singh 2018), Roma 
and Super Sweet-100.

11.7.3  Capsicum (Capsicum annuum var. grossum L.)

The major released and/or popular varieties are as under (Fig. 11.16):

11.7.3.1  Yellow Fruited

 1. Orobelle: Almost square fruits (10x9 cm) with a medium-thick wall, turning 
from green to yellow at maturity and average fruit weight are 150 g.

 2. Yellow Wonder: Light green to golden-yellow fruit colour at maturity, upright 
plants that set continuously, plants are vigorous and high-yielding, ready to har-
vest in 62–73 days from transplanting and can be sown directly from seed in 
February when the night temperature is 20-300C.

 3. Golden Summer: Sweet and mild flavour, fruits are lime green ripening to golden 
yellow and is 4-lobed, plant provides good foliage cover for the sweet bell pep-
pers that are excellent stuffed or added to salads and pinch off early flowers to 
encourage plant growth.

 4. Swarna: Blocky to long fruits with appealing dark green colour and thick and 
firm wall. Plants are vigorous and strong. Fruit weight is 200–250 g.

Fig. 11.16 Coloured and green capsicum under protected conditions
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11.7.3.2  Red Fruited

 1. NS 280: Fruits are firm, blocky (3–4 lobed) and good size (10x8 cm) with aver-
age fruit weight of 220–230  g. Plants are tall vigorous and strong with 
broad leaves.

 2. Bomby: Fruit are glossy and dark green with average weight of 130–150  g. 
Plants are tall, strong, early branching with dense foliage and requires staking.

 3. Tanvi: Plant medium tall and medium spreading, fruit weight is 150-180 g, turn 
yellow after maturity, high yielding and excellent keeping quality.

11.7.3.3  Green Fruited

 1. California wonder: Open pollinated variety, large bell shaped fruits, ideal for 
gardens and large containers, relative days to maturity is 70, fruit weight is 
180-200 g and fruit shape is blocky 3–4 lobed.

 2. Indra: Fruits are glossy, thick-walled, dark green, 10–12 cm length, 10 cm girth 
and having 3–4 lobes with average weight of 170 g. Plants are bushy, medium 
tall and having vigorous growth with dark green leaves and dense foliage.

Pusa Deepti (green), Green Gold (green), Bharat (green), Mahabharat (green), 
Natasha (red), DARL-71 (yellow), Super Gold (yellow), NS-285 (yellow), Torkel 
(red) and Tarquino (green) are also some of the popular varieties/hybrids of the 
capsicum (Singh et al. 2015; Singh 2018).

11.7.4  Cucumber (Cucumis sativus L.)

Generally, parthenocarpic cucumber is preferred under protected conditions 
(Fig. 11.17). The following hybrids/varieties can be successfully grown under pro-
tected cultivation.

Fig. 11.17 Cucumber 
under protected condition

Rajiv and M. Kumari



251

 1. Pusa Seedless Cucumber- 6: It is parthenocarpic gynoecious cucumber and 
extra early (40–45 days for first fruit harvest). Fruits are uniform, glossy, dark 
green, appealing, cylindrical, straight and non-hairy with 14.24  cm average 
length, 3.45 cm average width and 105 g average weight. Average fruit produc-
tivity is 1260 q/ha (1260 kg/100 m2) in the time of winter season.

 2. Pant Parthenocarpic Cucumber- 2: Bears only female flowers (gynoecious) and 
fruits are ready to first harvest at 30 DAS. Average fruit weight is 400-450 g and 
plant produces seed less fruits.

 3. Pant Parthenocarpic Cucumber- 3: Bears only female flowers (gynoecious) and 
fruits are ready to first harvest at 32 DAS. Single fruit weight is about 350-400 g 
and plant produces seed less fruits.

 4. Hilton: Vigour and strong plant, uniform green lustrous fruits and high fruit set-
ting ability with earliness and maturity days (first harvest after sowing) 38–40.

 5. Isatis: Good plant vigour, good adaptability, fruit length 18–20 cm, good fruit 
setting, high yielding and crispy and bitter free with uniform fruits.

 6. Kian: Cylindrical, glossy, medium green colour fruits, semi-multi fruited on 
main stem and bears 2–3 fruits per node.

 7. Multistar: Fruit are about 16–18 cm length with dark green, uniform, cylindri-
cal in shape and shiny. This is perfect for slicing and salads.

 8. Deltastar: Vigorous growth, suitable for autumn, early spring and summer cul-
tivation and fruit length is 16-18 cm with dark green colour and good flavour as 
well as storage life.

 9. Hasan: Tender long attractive fruit with shiny whitish colour, ready to first pick-
ing in 40–45 days after sowing, average fruit length 22–25 cm, fruit weight 
125-130 g, high yielder, excellent taste and keeping quality.

 10. Sunstar: Small leaves and multi fruit bearing with relatively open plant type. 
Fruits are 17–19 cm long slightly ribbed along with dark green shiny and cylin-
drical in shape. Mostly used for slicing and salads.

 11. Kingstar: Strong plant with less side shoots, 1–2 fruits per node, average fruit 
length 16–18 cm and suitable for late autumn and early winter.

Some of the popular parthenocarpic varieties from multinational seed companies 
are Kalunga, Bellissma, Millagon, Discover, Marianna, Fitness, Aramon, Fidelio, 
90–0048, Futurea, E-1828, B-1157, Country Fair, Bush Crop, Space Master, Patio 
Pick, Bush Whopper, Bush Champion, Bush Pickler, Euro-American, Adrian, AI 
Rashid F1, Mustang, Brucona, Fanspot, and Toska-70 (Hochmuth 2012; Singh 
2019; Anonymous 2021).
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11.8  Crop Management and Operations

11.8.1  Nursery Raising

Seedlings of the vegetable crops are raised in multi-cell protray in soil-less growing 
media such as a mixture of vermicompost + sand + sterilized cocopeat (1:1:1) or 
cocopeat + vermiculite + perlite (2:1:1) under protected structure. The seeds are 
treated with carbendazim @ 2.5 g/kg seed before sowing and single seed is sown in 
each cell. After germination, the seedlings should be drenched with solution of cop-
per oxy chloride (@ 3 g/litre of water). At the stage of 13–15 days old seedlings, the 
nutrition is applied through the drenching/foliar application of 0.2% solution of 
19:19:19 (N:P:K) along with micronutrients. The seedlings can protect form insect 
infestation with spray of imidacloprid (0.03 ml/litre) or acephate (0.75 g/litre). The 
seedlings get ready for transplanting after 21–35 days of sowing (about 20-25 cm 
height) depending upon crop. The hardening of the seedlings is required for better 
establishment and it can be done by gradually reduction in frequency of irrigation 
and exposing them to sunlight. For better establishment and prevent from damping 
off in main field, the seedlings should be drenched with carbendazim (0.1%) or 
ridomil (0.1%) before planting.

11.8.2  Preparation and Solarization of Bed

About 15-20 cm raised beds are prepared with the width of 90-100 cm and leave the 
path of 50 cm in between beds. After bed preparation and application of organic 
manures viz., vermicompost and FYM etc. it should be disinfected through fumiga-
tion with formalin 4% solution @ 4 litres per m2 in the month of May–July. 
Thereafter, the beds should be covered with white and transparent polythene sheet 
of 100 micron (400 gauge) thickness. The doors and ventilators of the protected 
structure should also be closed. Polyethylene cover is removed after 15  days of 
formaldehyde treatment and the doors and ventilators are also opened. To remove 
the trapped formaldehyde fumes completely, the beds are hoed again and again. 
Temperature rises up to 60-70 °C during solarization process and it process kills 
harmful organisms, bacteria, fungal spores, nematodes and weeds.

11.8.3  Fertilizer Application and Fertigation

Before fumigation, organic manures viz., vermicompost or FYM etc. are applied @ 
10–15  kg/m2 area of the growing bed depending on fertility status. The organic 
manure should be well decomposed and mixed thoroughly in beds. Inorganic fertil-
izer i.e. 19:19:19 (N:P:K) is added after fumigation @ 7 g/m2 in furrows close to the 
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growing beds (Singh et al. 2015). Fertigation allows the adjustment of the amount 
and concentration of the applied nutrients according to the crop’s needs throughout 
the growing season. External supply of nutrients has become important because of 
poor fertility status of the soil which is not able to meet the entire nutrient require-
ment of the crop (Rajiv and Tomar 2022).

The crop is fertigated with water soluble fertilizer (WSF) through drip fertigation 
as per dosage and schedule given in Table 11.5. The plants are also sprayed with 
mixture of micronutrient solution @ 0.3% starting from 60 DAT. Total two-three 
spray of micronutrients are to be given at an interval of 30 days in tomato. Whereas, 
in case of capsicum and cucumber, the micronutrient foliar spray can be started 
earlier. If required, the crop may be fertigated with calcium nitrate at 15 days inter-
val in deficiency symptoms of calcium. The deficiency of micronutrients adversely 
affects the production as well as quality of vegetables (Singh et al. 2022).

Modified from Singh et al. (2015).

Table 11.5 Fertigation schedule for different crops under protected cultivation

Crop Crop stage
NPK (water 
soluble)

Dose 
(g/500 m2) Fertigation schedule

Tomato Planting to first 
flowering

19:19:19 250 Twice a week, starting from 
25 days after transplanting

First flowering to fruit 
set

19:19:19 100
46:0:0 175
0:0:50 275

Fruit set to harvesting 
peak

19:19:19 100
46:0:0 250
0:0:50 275

Topping until crop end 19:19:19 50
46:0:0 125
0:0:50 150

Capsicum Planting till fruit setting 19:19:19 500 Twice a week
0: 0: 50 25

Fruit set until first 
picking

19:19:19 500
46:0:0 100
0:0:50 250

Afterwards first picking 
and up to season end

19:19:19 4500
46:0:0 500
0:0:50 250

Cucumber 0–14 days after 
transplanting

19:19:19 500 Twice a week

14–35 days after 
transplanting

13:0:45 200
46:0:0 100

35 - till the end of crop 13:0:45 500
46:0:0 150
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11.8.4  Mulching

The growing beds are covered with silver/black polyethylene sheet of 400 gauge 
(100 micron) having 1.2 meter width before transplanting the plants. Edges of the 
sheet are buried with the help of soil. Thereafter, holes of 5 cm diameter are made 
on the mulching sheet using a mulching hole machine or sharp pipe at recommended 
spacing for the crop.

11.8.5  Spacing

The seedlings are transplanted in two rows per bed in zigzag/triangular manner. 
Usually, the spacing in tomato, capsicum and parthenocarpic cucumber is kept 60 x 
45 cm, 45 x 30 cm and 60 x 60 cm, respectively.

11.8.6  Plant Canopy Architecture Management

The vapour concentration, temperature and radiation regime in the plant environ-
ment is significantly influenced by architecture of canopy. Interception and trans-
mission of soil temperature and soil heat flow are also affected. It indirectly affects 
the plant physiological processes, transpiration, photosynthesis, cell enlargement, 
growth and multiplication of insects and photo-morphogenesis. The productivity 
and quality of produce is higher under greenhouse conditions, since near to opti-
mum growing conditions are maintained as per the requirement of the crops unlike 
the open field conditions. The diffused light passing inside the greenhouse through 
transparent cladding materials tends the crop plants to grow upwards and utilize the 
vertical space inside the structure. The number of plants per unit area could be 
increased leading to get more productivity (Patil et al. 2019). Management of plant 
structure is significant activity during production of greenhouse crops. Desirable 
changes in plant structure can be achieved as details given below:

11.8.6.1  Capsicum

Pruning/pinching starts from 15–20 days after transplanting and it should be done 
at weekly intervals. Initially get 2–3 branches at 5–6 node. Remove weaker one 
again allow 2 stems per basal stem that is total 4 stems. Remove all flowers initially 
for one month and side shoots at weekly intervals. Plants training start 30 days after 
transplanting through a plastic twine or tressiling yarn. Each branch should have 
separate twine/yarn. Tie the twine/yarn to the GI wire provided at truss over the bed 
(Patil et al. 2019).
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According to ICAR-Indian Institute of Vegetable Research (IIVR), Varanasi 
studies, the cv. Indra was able to produce most of ‘A’ grade fruits (3–4 lobes weigh-
ing 150 g and more) under two-stem canopy management practices in comparison 
to three-stem and unpruned plants systems (Table 11.6). Studies revealed that choice 
of training system in capsicum might depend upon market aimed (Anonymous 2019).

11.8.6.2  Tomato

Usually, pruning starts 20–30 DAT and it should be done at weekly intervals. In 
general, there are two systems (one-stem and two-stem) of management of canopy 
architecture in tomato (Fig. 11.18). In one-stem system, the sprouted side shoots are 
removed when they attain 5–10 cm length and a single main stem is leaved on each 
plant. Whereas, in case of two-stem management system, the side shoot is permitted 
to grow as a second stem just below the first floral truss and remaining side shoots 
on both stems are removed periodically. Studies conducted by ICAR-Indian Institute 
of vegetable Research (IIVR), Varanasi revealed that two-stem training system 
results in higher no. of clusters, no. of fruits per cluster and fruit yield/plant 
(Table 11.7) in cv. NS-4266 (Krishna et al. 2020). Similarly, the higher productivity 
was found in Heemsohna when the plants are maintained with two-stem system 
(Anonymous 2019). Remove the older leaves continuously (Fig. 11.19).

Table 11.6 Influence of canopy architecture management on fruit size in capsicum

Variety
Canopy architecture management
Two-stem Three-stem Unpruned (control)

Indra 200 g 110 g 70 g
Orobelle 110 g 90 g 60 g
Indus-1201 90 g 80 g 60 g

Modified from Anonymous (2019)

Fig. 11.18 Single stem v/s Double stem training system in tomato
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Table 11.7 Effect of training system on tomato performance under polyhouse conditions

Training system
No. of clusters per 
plant

No. of fruits per 
cluster

Fruit weight 
(g)

Fruit yield 
(kg/plant)

One-stem 13.89 6.54 68.73 7.07
Two-stem 18.94 6.90 62.85 10.36
Unpruned 
(control)

11.83 5.56 55.61 5.26

CD 0.05 2.11 0.87 5.62 0.67

Source: Krishna et al. (2020)

Fig. 11.19 Deleafing in 
tomato

11.8.6.3  Cucumber

Plants produce abundant leaves and vines and direction less vine growth during the 
initial growth. Therefore, train lengthy vines for productivity and canopy mainte-
nance and prune to maintain predictable growth and development. Usually, there are 
three training systems viz., umbrella, v-system and single stem to achieve certain 
architecture or structure.

In case of umbrella training system, the main stem along with supporting string 
is permitted to develop vertically up to the overhead wire (2 m above the ground 
level). The apical bud is removed after producing two leaves above the overhead 
wire. Two healthy and vigourous lateral branches at the top of the vine are allowed 
to grow along the wire for about 15 cm and trained to grow down wards. All other 
laterals are removed. Whereas, in v-system, the main stem is permitted to grow 
along with supporting string and the growing point is removed at the sixth leaf stage 
(45-60 cm plant height). The two emerging lateral branches are then trained into a 
‘v-shape’ on to the overhead wire. In single stem system, the main stem is allowed 
to grow as in case of the umbrella system and when the plant reaches the overhead 
wire, whole vine is lowered and trained to moved own ward. This system can 
accommodate more plants at the spacing of 60x45cm. For pruning, as the plant 
grows up the string, remove all the lateral buds up to the sixth node (a node being 
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where a leaf joins the stem). In addition to the lateral buds, all the fruits should also 
be removed up to this point (Patil et al. 2019).

11.8.7  Harvesting and Yield

Usually, harvesting is depending on variety, distance from market and type of pro-
tected structure, however, fruit starts at 70–80 DAT and continues up to 170–180 days 
in tomato. Whereas, parthenocarpic cucumber cultivated under protected cultivation 
gives first fruit harvest at 35–40 days after transplanting. Fruit yield of tomato, cap-
sicum and parthenocarpic cucumber under protected cultivation can be achieved up 
to 170–180 t/ha (17–18 kg/m2 or 5.7–6.0 kg/plant), 100–120 t/ha (10–12 kg/m2 or 
4–5 kg/plant) and 300–400 t/ ha (30–40 kg/m2), respectively depending upon man-
agement of crop and type of protected structure. In tomato, the average fruit weight 
varies from 100 g during initial harvesting to 60 g during last harvesting. Harvesting 
of fruits may be done usually at weekly interval or earlier (Singh et al. 2015).

11.8.8  Diseases Management

11.8.8.1  Downy Mildew

The symptoms are angular lesions that are limited by the leaf veins. Early lesions 
are light green in appearance and become chlorotic and finally necrotic as host plant 
cells die.

Management The crop should be sprayed with mancozeb @ 2  g/litre of water 
twice at 10 days interval.

11.8.8.2  Powdery Mildew (Erysiphe polygoni D.C.)

The white powdery spots are appearance on upper surface of leaves. Affected leaves 
lose their chlorophyll and dry up.

Management: Spray the crop with carbendazim @ 2g/litre of water. Fungicidal 
spray of kerathane is also effective. It can be controlled by avoid the late sown crop, 
foliar spray of onion extract @ 5% and spray the crop with wettable sulphur @ 
1.0 kg/ha.
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11.8.8.3  Wilt (Fusarium oxysporum)

It is a serious disease in vegetable crops and affected plants show yellowing, droop-
ing of leaves, thereafter drying and finally plant dies.

Management: It can be effectively controlled through integrated approaches of 
soil solarization, healthy seed, crop rotation and treatment of seeds with Trichoderma 
viridae @ 4 g/kg seed subsequently use of Trichoderma viridae @ 4 kg/ha + 80 kg 
FYM in soil or treatment of seed with Pseudomonas fluorescens @ 10 g/kg seed 
subsequently soil application of Pseudomonas fluorescens @ 5 kg/ha + 100  kg 
FYM or treatment of seed with Pseudomonas fluorescens @ 10 g/kg seed subse-
quently use of neem cake @ 150 kg/ha in soil.

11.8.8.4  Mosaic Virus

Firstly, the greenish yellow to dark green mottling is developed in youngest leaves. 
Leaves are often stunted, crinkled, distorted, and curled downward. In severe cases, 
all except the youngest leaves at the runner tips (rosettes) may rapidly turn brown 
and die.

Management: Use insect proof nethouse for seedlings growing, eradication of 
early infected plants, two border rows with sorghum, pearl millet or maize can 
reduce the disease spread. Alternate hosts should remove. Spray seedlings with 
acephate (0.15%) prior to transplanting. Spray the crop with imidacloprid @ 1ml/3 
litre of water or acephate (0.15%) at 15 days intervals after transplanting till flower-
ing stage. Chemical spray followed by neem seed kernel extract (2%) is also effec-
tive in rotation with insecticides.

11.8.8.5  Some Approaches for IDM Practices

11.8.8.5.1 Soil Solarization

It is a technique of hydro/thermal soil heating in which moist soil is covered with 
polyethylene sheet for the period of 4–6 weeks during summer months. It should be 
adopted mandatory in protected cultivation.

11.8.8.5.2 Resistant or Tolerant Cultivars

Use of resistant varieties for plant disease management is considered as a ‘painless 
method’ because it does not require any extra expenditure for disease control. It can 
avoid the health hazards caused by the indiscriminate application of pesticides. It 
also checks environmental pollution caused by these agrichemicals. Tomato hybrid 
Arka Rakshak is resistant/tolerant to bacterial wilt and early blight.
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11.8.9  Pest Management

The natural enemies, which manage the pest outsides conditions, are not available 
under protected conditions. Hence, in the greenhouse pest situations often develop 
quickly and some time may be more serious in comparison to outsides conditions. 
In India, the insect-pests scenario under protected conditions has been presented in 
Table 11.8.

11.8.9.1  Fruit Fly

Females fly lay eggs below epidermis of young fruits. Later on maggots feed on 
pulp afterward fruits starts rotting and get drop.

Management Neem oil @ 3.0% should be applied. Pheromone traps are hanged to 
trap and kill the insects during adults starts appear. Collect all infested fruits regu-
larly and destroy them. Crop should be sprayed with fenthion (0.05%) or fenitro-
thion (0.05%).

11.8.9.2  White Fly

It acts as a vector and transmits the leaf curl virus from infected plant to healthy plant.

Management Seeds should be treated with imadacloprid 70 WS @ 3–5 g/kg of 
seed and nursery should be raised under insect proof nethouse (50-60mesh).

Table 11.8 Pests scenario under protected conditions

Category Pest Keeper

Aphids Aphis gossypii Capsicum
Myzus persicae Capsicum

Caterpillars Helicoverpa armigera Capsicum, tomato
Spodoptera litura Tomato, capsicum, cucumber

Leaf-miner Liriomyza trifolii Tomato, cucumber
Mites Polyphagotarsonemus latus (yellow 

mite)
Capsicum

Tetranychus urticae (spider mite) Tomato, capsicum, cucumber
Tetranychus neocalidonicus Cucumber

White flies Bemisia tabaci Capsicum
Trialeurodes vaporariorum Tomato, cucumber, capsicum

Modified from Saha et al. (2015)
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11.8.9.3  Nematode

It is a serious pest in protected cultivation. In case of heavy infestation, the roots 
shows welling’s close to the root tips (Fig. 11.20).

Management Nematode can be managed through the soil solarization and appli-
cation of multiplex niyantran (Poaecilomyces lilacinus), a promising bio-control 
agent, @ 5 kg/ha + 250 kg FYM or neemcake @ 250–400 kg/ha.

AICRP on Nematodes has recommended that the fumigation with metham 
sodium @ 30  ml/m2 with polythene mulch for 15  days + neem cake 200  g/
m2 + Pseudomonas fluorescens 50 g/m2 mixed 15 days prior to transplanting tomato 
reduced nematodes by 80%, gall index by 51% and increased yield by 49% in poly-
houses. Combined application of neem cake @ 200 g/m2 and Paecilomyces lilaci-
nus @ 50 g/m2 or Trichoderma harzianum @ 50 g/m2 at 15 days before transplanting 
is an effective bio-management practice for root-knot nematode infesting cucumber 
under polyhouse conditions.

11.8.9.4  Cutworms

The caterpillar of this insect attacks on young plant/seedlings and cut them at 
ground level.

Management Soil should be drenched with chlorpyriphos 20% EC (1–2 ml/litre of 
water) at the time of preparation of field for transplanting.

11.8.9.5  Some Approaches for IPM Practices

11.8.9.5.1 Sticky Traps

Sticky traps can be incorporated in management practices of various pests like 
whiteflies, leaf miners and thrips. Blue and yellow coloured traps are used to moni-
tor thrips and white fly - leaf minor infestation, respectively.

Fig. 11.20 Nematode 
infected cucumber 
(Source: AICRP on 
Nematodes)
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11.8.9.5.2 Pheromones

There are three different types of pheromones viz., aggregation (attract many indi-
viduals together), sex pheromones (attract one sex of a species to the other sex), and 
trail pheromones (attract pests into traps and interrupt mating). Pheromone is logi-
cal chemicals produced by animals to signal each other.

11.8.9.5.3 Bio-Pesticides

Bio-pesticides are products of microbial and plant origin based pesticides. Aphids 
can be controlled by clip off the heavily infested parts, pressurized water spray and 
foliar spray the crop with extract of neem seed kernel @ 3% or neem oil @ 1% or 
verticillium lecanii @ 3 ml/litre of water, which may be repeated three times at 
15 days interval. Leaf-eating caterpillars can be controlled by foliar spray of Bacillus 
thuringienses (B.T.) @ 1 kg/ha or NPV @ 250 LE/ha. Mites (Petrobia latens) can 
be controlled by foliar spray of neem oil @ 1%. All soil insects can be managed by 
soil application of Beauveria bassiana @ 4 kg/ha + 80 kg FYM or neem cake @ 
400 kg/ha.

11.8.9.5.4 Biological Control

In this method, natural enemies like predators, parasitoids and pathogens managed 
pest population. In tomato crop, egg parasitoid i.e., Trichogramma chilonis @ 
50,000/ha in 6 releases starting from 45 days after transplanting or larval parasitoid 
i.e. Campoletis chlorideae @ 15,000 adults/ha or nuclear polyhedrosis virus of 
H. armigera (HaNPV) @ 250–300 larval equivalent (LE)/ha can be used for effec-
tive management of tomato fruit borer.

11.8.9.5.5 Trap Cropping

It is a specific companion planting approach of vegetative diversification. This tech-
nique has an enormous capability to attract and safeguard natural enemies. In tomato 
crop, the marigold and arugula are used as trap crop for management of Helicoverpa 
armigera and Lygus spp., respectively. The sunflower and sorghum crops can be 
grown as trap crop in capsicum for management of Halyomorpha halys and brown 
marmorated stink bug (Panwar et al. 2021).
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11.8.10  CO2 Enrichment

Periodical or continuous enhancement of CO2 inside the greenhouses can lead to 
quality of produce and production (Shanchez-Guerrero et al. 2005). The CO2 con-
centration may drops below the atmospheric level inside the greenhouses if CO2 
utilization through photosynthesis is greater than the provide amount by the vents. 
Improved ventilation system or CO2 enhancement is possible solution to overcome 
such type of problem (Kittas et al. 2013).

11.8.11  Fruit Setting

Productivity of vegetable crops under protected conditions is totally associated with 
the realization of fruit-set and fruit-set is related to pollination. Due to high humid-
ity and limited air movement under protected structures, the assistance is needed for 
pollination and it may be boosted by bumblebees or mechanical vibration. 
Mechanical vibration is a virtuous exercise; however, it is tedious. Bumble bees are 
the most efficient and are used in greenhouses worldwide. The advantages of polli-
nation through bumble bees are depletion in labour expenses, greater fruit quality, 
higher productivity, and healthy product (Kittas et al. 2013).

11.9  Constraints in Protected Cultivation Systems

Though, numerous boom stories of protected cultivation technology have been 
described from various scientists and sectors as well. However, from the view point 
of Singh 2019, the constraints in protected cultivation systems are as follows:

 1. Protected cultivation is correlated with very high beginning value.
 2. Requirement of regular and uninterrupted power supply for climate-controlled 

greenhouses.
 3. Being expensive, the cladding material is not readily available in needed 

standard.
 4. Non-availability of tools and implements for facilitating crop production opera-

tions under greenhouse.
 5. Region specific technologies are needed in absence of climate-controlled 

greenhouses.
 6. Inadequate or scanty breeding work programs for evolution of appropriate 

hybrids/varieties of vegetable crops for greenhouse cultivation.
 7. There is a problem of pollination in greenhouse crops in tomato and cucurbits.
 8. Increasing threat of bio-stresses in greenhouse cultivation particularly root-knot 

nematodes and Fusarium wilt remain unsolved.
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11.10  Opportunities in Protected Cultivation Technology

Singh 2019; Tomar et  al. 2019; Singh and Choudhary 2019 have suggested the 
opportunities in protected cultivation technology as follow:

 1. Adequate land, water and human resources are available.
 2. Hard working and skilled labour force is available.
 3. Less prone to main bacterial, viral and fungal diseases in arid and semi-arid 

regions, it becomes supportive for protected cultivation of vegetable crops.
 4. An excellent network of road, rail and air is available for fast transportation of 

the commodities. Dedicated freight corridor will also be helpful.
 5. Research and extension institutions are available to back up the protected vege-

tables research and development programme.
 6. Protected cultivation offers very congenial environment for producing healthy, 

virus free, and genetically pure hybrid seed with higher seed yield per unit area.
 7. Protected cultivation technology can attract to the youth towards farming sector.

11.11  Conclusion

The challenge of high demand from consumers for a year-round supply of quality 
vegetables can be met by growing under protected conditions or growing in two or 
more locations with complementary harvesting periods. Low tunnel, hydroponics, 
aeroponics, plug tray seedlings raising, and soilless cultivation are some important 
protected cultivation technologies. It offers several advantages to produce vegeta-
bles of high quality and yields, thus using the land and other resources more effi-
ciently. Though, numerous boom stories of protected cultivation technology have 
been described from various scientists and sectors as well. However, very high 
beginning value, irregular power supply, pollination in greenhouse crops, and inad-
equate availability of appropriate hybrids/varieties of vegetable crops for green-
house cultivation are also some constraints. On the other hand, the adequate land, 
water and human resources, hardworking and skilled labour force, excellent trans-
portation facility, and available research and extension institutions are the opportu-
nities in protected cultivation technology.
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Chapter 12
Improvement of Vegetables Through 
Grafting in Changing Climate Scenario

Pankaj Kumar Ray, Hemant Kumar Singh, Shashank Shekhar Solankey, 
Raj Narain Singh, and Anjani Kumar

Abstract Grafting in vegetables is an ancient technique to improve the  yield 
through climate friendly practices. This technique was introduced in USA and 
become very popular in organic vegetables cultivation. Vegetable grafting is popular 
practice in many European and North American countries, Japan, Korea, and China. 
Because vegetable crops are so easy to grow, they are very sensitive to climate 
change. Drought, floods, and salt caused by temperature and precipitation shifts 
have severely impacted vegetable crop productivity. Vegetable crop cultivation is 
difficult to say the least in the face of a rapidly changing environment. Although 
grafting has traditionally been employed on woody and perennial fruit trees, it is 
increasingly being used to herbaceous plants like vegetables and flowers. In East 
Asia, grafting is used as a unique method for dealing with the many threats to inten-
sive vegetable production. The genetic and physiological complexity of abiotic 
stress restricts the creation of tolerable cultivars at the commercial level. In addition, 
many vegetable crops lack resistant crossover suitable wild resistant sources, with 
the exception of a few. In this case, the surgical procedure of grafting a plant has 
been employed successfully to reduce a wide range of different environmental 
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stress. In this chapter, we illustrate the efficacy of this plant propagation method 
through a review of research results on vegetable grafting.

Keywords Climate friendly · Abiotic stress · Grafting · Resistant sources · 
Vegetables

12.1  Introduction

Vegetable seedlings with grafts are a unique horticultural technique that has been 
used for a long time. In the latter half of the twentieth century, this method along 
with enhanced grafting procedures ideal for commercial production and productiv-
ity of grafted vegetable seedlings—was brought to Europe and other nations. 
Vegetable grafting is taking a vegetable plant‘s stem at the seedling stage and affix-
ing it to the seedling’s rootstock of another vegetable plant, such as a wild brinjal or 
a pumpkin. The grafted seedling is developed under regulated climatic circum-
stances once the attachment is accomplished, and then it may be planted in the field. 
In general, grafting onto certain rootstocks offers resistance to biotic and abiotic 
stress tolerance, crop development, yield, and quality, as well as nematodes and ill-
nesses carried by the soil. Grafting is a useful tool to utilize in conjunction with 
more environmentally friendly crop production methods, such as lower rates and 
general usage of soil fumigants in many other nations. Especially the production of 
vegetables is sensitive to a range of abiotic environmental stresses, such drought, 
salt, floods and temperatures (Moretti et  al. 2010). However, the insect pest and 
disease burden stated above might be compounded by an increase. However, a rise 
in mean warmth and humidity in a changeable climatic situation might worsen the 
Climate change may have a direct or indirect influence on food safety.

The grafting method was brought from Europe to North America. For green-
house and organic farms, grafting techniques for fruits and vegetables are a desir-
able strategy. Grafting is a distinctive horticultural technique used for many years in 
East Asia on herbaceous seedlings to combat problems with biotic and abiotic 
stressors. The oldest written accounts of self-grafting to grow larger watermelon 
fruits date back to China in the fifth century and Korea in the seventeenth century. 
A watermelon farmer in Japan developed the first record of inter-specific grafting in 
watermelon using a squash rootstock (Cucurbita moschata Duch.) to boost produc-
tivity and prevent pests and illnesses. In order to produce grafted seedlings for com-
mercial vegetable production in Japan in the 1930s, watermelon was grafted on 
Lagenaria siceraria (Mol.) Standl (Oda. 2002). Grafting of watermelons for drought 
tolerance is a potential strategy under limited water condition for taking higher yield 
as well as quality fruits (Adarsh et al. 2020). Cucumis sativus L. grafting was began 
in the late 1920s, but it wasn’t successful until the 1960s (Sakata et al. 2008). In the 
1950s (Oda. 1999), grafting was first used on eggplant (Solanum melongena L.), a 
Solanaceae plant, on scarlet eggplant (Solanum integrifolium Poir), and it was later 
commercialized on tomatoes (Lycopersicon esculentum Mill.) in the 1960s (Lee and 
Oda 2003). Conventional procedures for breeding which take time and 
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advancement are gradual. In order to deal with different environmental stressors, 
grafting is necessary for a treatment based on the rootstock and scion compatibili-
ties (Nilsen et al. 2014). Grafting is now commercially utilized in the vegetables 
such as tomato, eggplant, and cucurbits for control of soil borne diseases (Solankey 
et al., 2019). Grafting is a reciprocal procedure that is ecologically favourable, effi-
cient, quick and integrative, affects both spring and rootstock. For watermelon this 
approach was originally used in Japan. The findings of the grafting were published 
in the first scientific research. The results of grafting of water melon plants to pota-
toes in the first scientific journal were reported to minimize fusarium fusion. In the 
1920s, however, grafting was mostly considered a woody permanent fruit technique 
and was not employed until last time in cucurbits for the treatment of diseases of 
soil transmission, notably fusarium (Bhatt et al. 2015).

Many recognized researchers are currently employing this grafting approach to 
enhance the environmental stress tolerance in solanaceous and cucurbitaceous veg-
etables (Johnson et al. 2014). However, only tomatoes and potatoes are the most 
recent breeding technology and completely forgotten are other crops (Kato et al. 
2001a). The importance of plant grafting for the control of environmental stressors, 
including floods, drought, heat and salinity, under a changing climate scenario will 
be discussed in this review paper.

12.2  Environmental Stress

The main limitations to the sustainable development of agricultural and horticul-
tural products are the different environmental stresses, high temperatures, drought 
and flooding (because of irregular precipitation), and salt (Mittler. 2006). The inten-
sity of this stress on plants varies on the stage of growth, kind and duration of stress 
exposure. Many researches describe the use of grafting procedures to enhance toler-
ance to a wide range of environmental stress on different vegetable crops, and we 
have compiled the key results in this chapter.

12.2.1  Flooding

Increasing flood tolerance has shown to be the use of numerous research organiza-
tions in various grafting vegetables. Tomato is a model of a flood-prone worldwide 
crop. Bhatt et al. (2015) used interspecies tomato greasing to improve flood toler-
ance. Four eggplant plants like BPLH-1, Neelkanth, Mattu Gulla, Arka Keshav have 
been grafted into Arka Rakshak for commercial tomatoes. Research has shown that 
the grateful returns of flooded and non-inundated circumstances were considerably 
influenced. The unexpected and self-grafted plant was murdered after five days of 
inundation. After five days of inundation, Arka Rakshak/Arka Keshav and BPLH-1 
perished, but two combinations performed well. This study finds that eggplants 
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withstand flooded terrain and may provide an enough radical fat material to increase 
the resistance to tomato flood. The World Vegetable Center (AVRDC) was also 
advised to increase flood tolerance for EG195 and EG203 eggplant additions to 
tomatoes (Black et al. 2003).

Tomato F1’s (Arka Rakshak and Arka Samrat) in eggplant rootstock (IC-111056, 
IC-354557, IC-374873 and IC-2) have been found in recent research. Observations 
indicated that no leaf or plant withering symptoms and reduced chlorophyll decrease 
occur at all stages of plant growth. In contrast, following 96 hours of water stress, 
ungrafted plants had a 41–100 per cent decrease in chlorophyll levels and perished 
4–7 days later. In 7–10 days after exposure, the flushing plants recovered entirely 
from flood stress. Thus, the water logging tolerance for grafting tomatoes increased 
for the aubergine rootstocks of IC-354557 and IC-111056 at 72–96 hours (Bahadur 
et al. 2015).

In addition, wild eggplant species are also employed in grease tomato rootstocks 
(Petran and Hoover 2014). Yetisir et al. (2006) showed that bitter melon plants grew 
on rootstocks of Luffa, in flooded circumstances, were more successful than 
ungrafted plants. The trade variety ‘Crimson Tide’ was also grafted in the water-
melon to Lagenaria siceraria SKP (landrace), with chlorosis symptoms occurring 
both on grafted and ungrafted plants, but the symptoms were less pronounced in 
flooding plants.

However, non-grafted plants were less dry than grafted plants with high humid-
ity; in addition, the fresh weight loss of ungrafted plants was around 180 per cent 
and of grafted plants was 50 per cent. In non-grafted and grafted plants respectively, 
dry weight was reduced by around 230 and 80 per cent. These results show the 
development of adventitious roots and aerenchyma tissue in grafted plants after 
3 days, but for non-grafted plants under flood circumstances no such observations 
were recorded. Kato et  al. (2001b) formulated a grafting trial in water-logged 
cucumber in accordance with research by Keatinge et al. (2014) and established that 
leaf chlorophyll content was increased by grafting on squash rootstocks. The root-
stock suggested lately by AVRDC in East Asia for flood tolerance for tomatoes is 
VI045276, VI046103, VI034845, VI046104 and VI046101 for eggplants, and for 
rootstocks of East Asia is VI046378 (Peng et al. 2013). Rootstocks for vegetables 
and other economically significant crops can be placed in flood conditions. 
Table 12.1 provides other examples.

Table 12.1 Top-performing combinations of rootstock and scion in vegetables under induced 
flood stress

S. No. Rootstock Scion References

1. S. melongena cv. Arka 
Keshav

S. lycopersicum cv. Arka Rakshak Bhatt et al. (2015)

2. S. melongena cv. IC- 374873 S. lycopersicum cv. Arka Samrat Bahadur et al. (2015)
3. C. maxima x C. moschata C. sativus Kato et al. (2001a, 

b)
4. L. siceraria C. lanatus Yetisir et al. (2006)
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12.2.2  Drought

Drought is yet another significant challenge of water stress for sustainable world-
wide vegetable production, caused by deficiencies in water supplies. Although 
breeding and biotechnology interventions led to new drought-tolerant crop types, 
the progress was mostly restricted to cereal crops. Certainly, climate change, affect-
ing agricultural production, in particular the availability of vegetables and overall 
crop failures is greatly impacted by the availability of water. The lower irrigation 
water supply might be the explanation for decreased precipitation coupled with 
higher median air temperature. In drought circumstances, an upturn in evapotrans-
piration is also predicted as vegetables contain around 90% water (Thomas 
et al. 2011).

Water scarcity and drought stress are significant environmental stressors under 
the global climate change scenario (Schwarz et  al. 2010). Grafting may thus be 
employed to reduce losses in production and to improve the efficiency of water 
usage (WEU) in a water shortage. The grafting of sensitive commercial cultivars on 
the rootstocks can do this by decreasing the effect of moisture stress on the shoot. In 
Europe, tomato hybrids, particularly solanum spp., and interspecific hybrids are 
common rootstocks for eggplants. Simile grafting on pumpkin (Cucurbita mos-
chata), rootstocks, of watermelon (Citrullus lanatus) contributes to the water stress 
of watermelon shooting (King et al. 2010).

Tolerant plant grafts for vegetable plants were carried out to regulate or improve 
drought tolerance, in particular solanaceous and cucurbitaceous vegetables 
(Sanchez-Rodriguez et  al. 2016). At genetic level, microRNAs (miRNAs) moni-
tored plant growth and growth and reacted specifically to different environmental 
stresses. Li et al. (2016) reports that scion of squash grafted from the bottle siceraria 
or from the rootstock (Cucurbita maxima the Cucurbita moschata) caused a change 
of over 40 mil RNI expression, according to Li et al., 2016 in a spring graph of 
watermelon (Citrullus lanatus). In addition, in recent research studies, molecular 
processes were investigated by grafting cucumber plants on pumpkin rootstock 
(Cuurebita moschata) in 17 chosen miRNAs in the grafted plants under drought 
stress. As a consequence, mini-watermelon cv. Ingrid was ungrafted or grafted 
using a rootstock called ‘PS 1313’ (Cucurbita maxima + Cucurbita moschata) and 
findings showed that the yield, nutritional and fruit quality associated metrics of 
grafted plants are greater than those of non-grafted plants. In the case of gas 
exchange and leaf water relations no significant differences were seen between 
grafted and non-grafted plants. Although moisture stress sensitivity of grafted plants 
and ungrafted plants was equal, the greater marketable yields were reported with 
grafting. The findings of this study showed the benefits of rootstock ‘PS 1313.’ 
Under particular in drought circumstances, the usage of grafted rootstock plants was 
advised to alleviate drought stress. Another study comparing moisture stress- 
tolerant rootstocks for watermelon has found that wax gourds are a superior root-
stock than dry gourds (Muneer et al. 2016). Other crucial physiological responses, 
such as changes in stomatal behaviour that have enhanced the WUE and 
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Table 12.2 Examples of high-performing pairings of rootstock and scion in plants under caused 
dry stress

S. No. Rootstock Scion References

1. S. lycopersicum L. (cv. 
Faridah)

S. lycopersicum L. (cv. 
Unifort)

Ibrahim et al. (2014)

2. S. lycopersicum L. (cv. Jjak 
Kkung)

S. lycopersicum L. (cv. 
BHN 602)

Nilsen et al. (2014)

3. S. lycopersicum L. (cv. 
Unifort)

S. lycopersicum L. (cv. 
Farida)

Wahb-Allah (2014)

4. C. annuum (cv. Atlante) C. annuum (cv. Herminio) Lopez-Marin et al. (2013)
5. S. lycopersicum (cv. 

Beaufort)
S. lycopersicum (cv. 
Amelia)

Chaudhari et al. (2017)

6. C. maxima x C. moschata C. lanatus Rouphael et al. (2008)
7. C. annuum L. (cv. Verset) C. annuum L. (cv. Atlante) Penella et al. (2014)
8. S. lycopersicum (cv. Zarina) S. lycopersicum (cv. 

Josefina)
Sanchez-Rodriguez et al. 
(2016)

photosynthetic activity have been recorded in the stress-prone environment, apart 
from those instances of the molecular physiological response of grassed vegetables 
to drought stress. For sweet pepper grafted on the rootstock of Creonte, the overall 
crop output and marketable fruit growth rose by 30 and 50 per cent correspondingly 
under the Mediterranean climate. In addition, the rootstock kept the photosynthetic 
leaf activity 30–60% higher and showed much greater WUE (10%). While, Amelia 
enhanced photosynthesis and stomach condition for tomato cultivar. In addition, the 
rootstock kept the photosynthetic leaf activity 30–60% higher and showed much 
greater WUE (10%). While enhanced photosynthesis and stomatal conduct for 
tomato cultivar Amelia were seen when Maxifort cultivar was utilized as a rootstock 
(Chaudhari et al. 2017). Thus, grafting onto the robust and tolerant and resistant 
rootstock, which are susceptible to drought, of commercial plants from plants 
in locations that are susceptible to water stress is a feasible method. The benefits of 
grafting in previous research were maintaining a high water and nutrient absorption 
capacity together with the larger WUE under drought. Table 12.2 provides further 
instances of research of vegetable grafting under severe stress.

12.2.3  Thermal Stress

Extreme temperatures can lead to loss of vegetable output by stimulating fusion and 
necrosis, delaying the development of truss and affecting the time of fruit maturing. 
Grafting can be utilized to protect plant against heat shock and to improve produc-
tion performance in plants owing to the accompanying changes in physiology in the 
parent plant (Rivero et al. 2003). Plants are very susceptible to low as well as high 
temperatures. High temperatures are generally found in rainforests, whereas the 
temperatures or low temperatures of vegetables, particularly for tomato, squash, 
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peat and water melon, occur in the winter, spring and fall seasons in temperate and 
subtropical areas. Due to high temperature the plant’s physiological, morphological, 
molecular and biochemical response to change significantly affects on plant growth, 
development and economic yield of legume (Singh et al. 2021). In addition, cold 
stress has an effect on germination, plant growth and plant growth leading to a loss 
in economic returns (Venema et al. 2008). High temperatures, for example, in toma-
toes cause considerable loss of agricultural output because of reduced fruit, small 
size of fruit and reduced quality of fruits. Similarly, the low temperature causes 
permanent malfunction, cell death and eventually plant death, depending upon the 
severity and duration of exposure. Temperature is also impacted by early fruit pro-
duction and quality attributes. Species have been developed through breeding and 
biotechnology with increased thermal stress tolerance, but with little market success 
as such stressors are genetically complicated and plant specific. In vegetable crops, 
the genetic basis of environmental stresses tolerance such as heat, cold, drought, 
flood, salinity is necessity for development of superior biotype (Solankey et  al. 
2021). Therefore, grafting on chosen low−/high-temperature resistant rootstocks 
existing commercial elite varieties might be considered as a feasible plant multipli-
cation strategy as a quick and efficient alternative. One of the best features for 
greenhouse vegetable production in winter or at an early spring is the low- 
temperature tolerance of the rootstock. Den Nijs (1980) conducted a low tempera-
ture grafting experiment with four advanced breeding lines and the rootstock of 
Cucurbita ficifolia in the Netherlands. This test showed that the survival, lifespan 
and fruit quality of grafted plants were excellent compared to those not grafted in 
low-temperature environments. Cucumber plants greased from the rootstock, 
Cucurbita ficifolia, increased transhexadecenoic Acid in phosphatidyl glyc. Horvath 
et al. (1983) continued this work by observing the increase in trans-hexadecenic 
acid in phosphatidylglycerol, which contributes to the low-temperature tolerance in 
plants in cucumber plants grafted onto Cucurbita ficifolia rootstock. In Morocco, 
Cucurbita ficifolia is also the favorite cucumber rootstock and is a great rootstock 
for low tolerance for soil temperature, particularly in winter spring production. 
During its development and growth, the grown tomato is very sensitive to the sub-
optimal and cold temperature. The grafting of high yielding commercial and sensi-
tive cultivars on tolerant rootstock is regarded as a fast approach to enhance 
resistance to low-temperature tomato stress. In 1777, the Solanum habrochaites 
(LA) adhesives of the wild tomato were grafted by the tomato cultivar Moneymaker 
to examine the low temperature impact of Venema et al. (2008). The authors found 
the high relative growth rate of the shooting and the increased root mass ratio under 
the lowest temperatures in comparison with the self-sustaining and non-grafted 
plants to be present on the wild tomato rootstock. The results of this study therefore 
record the accession of the wild tomatoes Solanum habrochaites (LA) in 1777 as an 
additional rootstock in tomatoes as well as other solanaceous vegetables for regulat-
ing inadequate root zone temperature. Further research in tomatoes has also found 
the importance of the resistant rootstock in maintaining appropriate hydraulic and 
stomach behaviour. Moreover, the impacts in grafting compared to nongrafted 
plants are recognized to be far less than those in greater productivity of biomass. 
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The findings of this investigation indicated that grafted plants were used practically 
under extremely high temperature circumstances. In addition, the same study groups 
explained that thermal stress increased phenylalanine ammonia lyase (PAL) activity 
in the grafted and non-grafted tomato plants, increased total phenols and increased 
o-diphenols, decreased polyphenol oxidase (PPO) activities and goaiacol peroxi-
dase (GPX) activity, and decreased dry weight. In comparison with non-grafted 
tomato plants, however, pressure impact was reduced in grafting (Lopez-Marin 
et al. 2013). Under addition to increased RuBisCO activity and more photosyntheti-
cally efficient performance of grafting plants in heat stress conditions can be 
ascribed to better. In the instance of pepper, the behaviour of non-grafted was tested. 
Under the case of pepper, tests were carried out on three rootstocks, Atlante, Create 
and Terrano, in shaded and non-shaded circumstances for the conduct of non grafted 
cultivar Herminio plants. Under both situations the grafted plants were performed 
better than not. In plant grafted onto the rootstock of Atlante, almost 40 percent 
more of the leaf area was registered as neutral for Atlante than other pairings. 
Grabing on Creonteeli had no significant influence on the biomass of the leaves. The 
total and marketable fruit yields of greased plants in non-shaded and shaded circum-
stances were nonetheless between 30 and 50 percent higher than that of non-grafted 
plants. Therefore, when greased to sweet pepper, the rootstock Creontemay is more 
efficient in resisting heat stress. Further investigations by Del Amor et al. (2008) and 
Colla et al. (2008) have also demonstrated highenetic yields of sweet pepper-grafted 
plants for the Mediterranean climate.

High day and night temperatures affect the setting of fruits for tomato growing 
and cause loss of output. A high-temperature stress-related study was carried out to 
test greased tomato plants under high temperature stress. ‘UC 82-B’ has been 
grafted with the heat-sensitive tomato plant ‘Summerset’ and with the eggplant cul-
tivar ‘Black Beauty.’ ‘UC 82-B’ has been planted. The findings indicates that at 
37/27 °C at late fruits, larger leaf area and low electrolytic leakage levels of non- 
greaser ‘UK 82-B’ displayed substantially higher chlorophyll fluorescence, but 
Abdelmageed & Gruda had no favourable effect on total yields than non-grafted 
‘UC 82-B’. The number of tomato cellular proteins that have recently been shown 
by Muneer et al. (2016) has been 87. Further researches are presented in Table 12.3 
which evaluates the application of vegetable grafting to control thermal stress.

12.2.4  Salinity Stress

Around 7% of the global surface and almost 20% of the arable land is soil salinity 
impacted (Shahid et al. 2018). Climate change encourages salinization and so the 
quantity of salt land under climate change scenarios is projected to rise. Salinity 
impacts output and development of plants negatively. A number of techniques have 
been developed to counteract the influence of salt and saline soils on vegetable crop 
yield. Many of the techniques for reclamation of salt soils are a temporary remedy 
and quite costly. The breeding of salt-tolerant was also studied for vegetables but 
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Table 12.3 Examples of high-level pairings of rootstock and scion in plants under heat stress

S. No. Rootstock Scion References

1 . S. habrochaites
LA-1777

S. Lycopersicum cv. 
Moneymaker

Venema et al. (2008)

2. S. lycopersicum cv. Summerset and S. 
melongena cv. Black beauty

S. lycopersicum cv. UC 
82 B

Abdelmageed and 
Gruda (2009)

3. C. ficifolia and L. cylindrica cv. 
Xiangfei

C. sativus cv. Jinyan 
no.-4

Li et al. (2016)

4. S. lycopersicum cv. RX 335 S. lycopersicum cv. 
Tmknvf2

Rivero et al. (2003)

5. S. lycopersicum cv. LA-1778 S. Lycopersicum cv. T-5 Bloom et al. (2004)
6. C. ficifolia C. sativus cv. Jinyan 

no.-4
Zhou et al. (2007)

Table 12.4 Examples of high-performance pairings of rootstock and scion in plants with induced 
salinity stress

S. No. Rootstock Scion Reference

1. S. lycopersicum x S. habrochaites 
Maxifort’

S.lycopersicum L. cv. 
Cuore di Bue

Di Gioia et al. 
(2013)

2. L. siceraria C. lanatus cv. Xiuli Yang et al. 
(2013)

3. C. maxima x C. moschata C. melo L. cv. Brennus Orsini et al. 
(2013)

4. C. moschata C. sativus L. Zhen et al. 
(2011)

5. a) C. chinense ECU-973, C. baccatum L. 
var. pendulum BOL- 58

C. annuum Penella et al. 
(2014)

6. C. maxima. X C. moschata.
P-360 and PS-13132

(a) C. melo L. cv. Cyrano
(b) C. sativus L. cv. 
Akito

Rouphael et al. 
(2012)

multiple cycles of plant breeding were necessary because of the complicated poly-
genic traits which trigger salt tolerance.

The adoption of resistant genotypes as rootstocks was considered a simple and 
effective method for enhancing the tolerance of the crop against salt stress. Research 
of salt tolerances for greased vegetable crops have examined throughout the last 
decade and most studies suggest that grafting is a highly effective technique to 
enhance salt tolerance. The salt tolerance has improved with interspecific, hybrid 
rootstock for grafted tomato plants. When bottle gourd rootstock is used for salinity 
tolerance for watermelon plants then the salinity tolerance can be increased many 
times. Orsini et al. (2013), reported that non-grafted control plants for interspecific 
squash rootstock, have an increased salinity tolerance, along with plant biomass and 
leafy regions (Cucurbita maxima of Cucurbita moschata Duch.). Salt tolerance in 
many vegetable crops by using grafting methods is presented in Table 12.4.
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12.3  Conclusion

Summarizing, the scientific literature documented the grafting of genetically diverse 
crops to reduce environmental stress in a changing global climate. New studies are 
needed as a source of rootstock to evaluate and test different germplasm. However, 
the full potential of the grafting technique depends on a number of characteristics, 
such as the appropriate selection of scion and rootstock, location, communication 
between rootstock and scion, and reciprocal effects of root systems. Further research 
is needed in order to create automated grafting platforms that expand this technique 
to make it a key aspect of modern vegetable production. This alone allows the pro-
duction of grafted plant material at reduced price for vegetable growers in modern 
simulation and automated grafting technologies. In addition, vegetable grafting is 
pursued in developed countries due to up-to-date farmers’ understanding of the con-
temporary technology of vegetable manufacturing.

Plant grafting can help producers tackle climate change and overcome unsustain-
able production methods of vegetables that lead to soil degradation and the rapid 
loss of natural resources. Research is necessary in order to make this technique 
easier for farmers in every area of the world, requiring the development of greasing 
technologies that are suitable for steady, whole year round and inexpensive produc-
tion of seedlings.
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Chapter 13
Improvement of Vegetables Through 
Molecular Breeding in Changing Climate 
Scenario

Jyoti Prakash Sahoo, Satyaprakash Barik, Menka Pathak, Barsa Tripathy, 
and Madhuri Pradhan

Abstract Vegetable crops have been cultivated since they were domesticated. 
These are the principal source of nutrients required in the growth and development 
of human beings. Rapid advances in the methods of next-generation sequencing 
technology and high throughput genotyping protocols have resulted in the collec-
tion and publication of reference genomes of major vegetable species. The large- 
scale genetic resource reorganization strategy has revealed the process of vegetable 
crops domestication and improvement of the essential traits through breeding pro-
cedures. The utilization of genetic mapping strategies and identification of quantita-
tive trait locus has resulted in the exploration of significant molecular markers 
linked to essential traits in vegetables. Furthermore, the genome-based breeding 
approach is employed in most important vegetable crops families, such as Solanaceae 
and Brassicaceae, and allowing molecular selection at the single-base level. As a 
result, genome-wide molecular markers are extensively used for efficient genotyp-
ing in most vegetable crops. Molecular breeding has emerged as a key method for 
vegetables. Besides this, genome editing technology can dramatically increase veg-
etable breeding efficiency. This chapter examines the current scenario of genome- 
based molecular breeding tactics and genome editing approaches employed in 
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significant vegetable crops to give insights into next-generation molecular breeding 
for a growing global population.

Keywords Molecular breeding · Vegetable crops · Genome editing · 
Climate change

13.1  Introduction

Abiotic stresses such as extremely low or high temperature, increase in soil salinity 
status, drought, and floods have an impact on vegetable production. Climate change 
significantly impacts various developmental stages of vegetables such as vegetative 
growth, flowering, and fruiting (Spaldon et al. 2015; Khar et al. 2022). The effects 
of high temperature and unpredictable rainfall can impede average plant growth and 
development, affecting crop yields. Environmental stress has a significant impact on 
soil organic matter decomposition, the nutrient cycle, and plant nutrients as well as 
water availability. The intensity and duration of the extreme environment, on the 
other hand, determines the crop growth cycle, biomass accumulation, and ultimately 
the range of economic benefits. Vegetable crops yields in Asia are expected to fall 
by 2510 per cent between 2020 and 2050, with South and Central Asia experiencing 
the steepest declines (Cruz et al. 2007; Ashraf et al. 2022). Several initiatives have 
been launched to reduce the potential impact of climate change on vegetable pro-
duction. Advanced molecular breeding approaches have been used to improve the 
yields and quality of important vegetable crops and combat the abiotic stresses of 
climate change.

NGS (next-generation sequencing) technology has considerably accelerated veg-
etable crops genomic sequencing and resequencing, which resulted in the publica-
tion of chromosomal sequences of some major vegetable crops. The order is 
determined by the specific locus of the corresponding gene to a marker. Based on 
genotyping techniques, these linked markers can be used to perform molecular 
marker-assisted breeding and identify genetic relationships between different traits 
of vegetable crops. Various genome sequencing methods also contribute to the 
development of new molecular markers (Saha et  al. 2022). Resequencing tech-
niques rely heavily on the reference genome and bring researchers together to anal-
yse sequence diversity at the genomic level. The primary approach, known as bulked 
segregant analysis (BSA), was assumed to be whole-genome resequencing employ-
ing mass separation analysis. BSA is based on the gene identification and marker 
development procedures, tested on a variety of vegetable crops. Creating the F2 
progeny’s divergent phenotypes acquires the SNP index of the two diversified gene 
pools and matches them to the vegetable reference genome. Besides this, QTLseq 
and MutMap can also be utilised. As a result, there is a lot less doubt about other 
genes and phenotypes (Takagi et al. 2013). MutMap was also used to build a DNA 
pool from a single individual with the F2 isolation mutant phenotype and compare it 
to wildtype and parental reference sequences (Abe et al. 2012). It can also be used 
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to locate the markers inside the genome. Large-scale resequencing has evolved into 
a more generic strategy based on improved approaches for finding markers linked 
with vegetable crop attributes.

Transcriptome and metabolic analyses help the researchers to domesticate genes 
and comprehend molecular regulatory networks at the genomic and transcriptional 
levels by altering gene expression patterns and analysing metabolic pathways. 
Existing molecular markers and reference genomes for vegetable crops can be 
employed to alter the vegetable genomes. CRISPR/Cas9 is a standard genome edit-
ing technique used to improve a variety of vegetable crops’ undesirable traits (Khan 
et al. 2019; Satish Chhapekar et al. 2022). Compared to other breeding methods, 
this form of targeted breeding is more efficient and time-saving (Chen et al. 2019; 
Zahid et al. 2022). This chapter summarises the progress of research on molecular 
methods used to create vegetable crops resistant to abiotic stress, including molecu-
lar breeding and genome editing approaches.

13.2  Signal Transduction Mechanism Against Abiotic 
Stresses in Vegetable Crops

Plants respond to stress in various ways, including altered gene expression, cellular 
metabolism, growth rates, and vegetable crops yields. A sudden change in environ-
mental conditions typically causes plant stress. Abiotic stress imposed on plants by 
environmental factors can be physical or chemical. Drought, flood, extreme tem-
peratures, salt and mineral toxicity, are the abiotic stresses impacting vegetable 
crops yields and seed production. The roots are the plant‘s first line of defence 
against abiotic stress. The disruption of the Na + / K + ratio in the cytoplasm (Sahoo 
and Mohapatra 2020) of plant cells is one of the major responses to abiotic stress, 
including excess salt. Signalling is divided into three stages. First, according to the 
information received, the cell recognises extracellular signalling molecules. When a 
signalling molecule binds to a receptor, the signalling mechanism modifies the 
receptor protein and the response when the signal elicits a specific cellular response. 
Sensors’ perception of the signal is the first step in the signalling pathway, and the 
generation of secondary signalling molecules follows it. It is usually a non-protein 
molecule such as Ca2 +, IP (Inositol phosphate), or ROS (reactive oxygen species). 
Each secondary signalling molecule can initiate a protein phosphorylation cascade 
that regulates the activity of specific transcription factors. Given the abundance of 
stress at the cellular level and its individual effects, cells develop a sensor that can 
detect stress (cold, drought, salt) and selectively facilitate the transmission of spe-
cific stress signals to cellular targets. A typical two-component system includes HIK 
(Histidine kinase), which is located on the membrane and senses the input signal, 
and Rreg (response regulator), which mediates the output signal (Sahoo and 
Mohapatra 2020).
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13.2.1  ROS and Calcium

ROS are formed as a by-product of respiration and photosynthesis, and they are 
required for average plant growth. Single-electron transfer converts the O2 molecule 
to superoxide anions, then reduced to hydroxyl radicals by H2O2. These three mol-
ecules are reactive oxygen species (ROS), which cause oxidative damage to pro-
teins, DNA, and lipids. Drought, low and high temperatures, and other stressors 
activate ROS, leading to oxidative stress (Sahoo and Mohapatra 2020). Ca2 + is 
another non-protein molecule that influences how vegetable crops respond to abi-
otic stress. The interaction of inflow and outflow produces and maintains Ca2+ spikes 
in the cytosol. Plants become hypersensitive to ionic and cold stress when Ca2 + 
homeostasis is disrupted due to overexpression of the Ca2 + /H+ antiporter calcium 
exchanger 1 (CAX1), which loads Ca2 + into the vacuole. ABA and mechanical 
stress signals mobilise Ca2 + from intracellular storage, and extracellular Ca2 + influx 
is crucial in cold stress signal transmission (Sahoo and Mohapatra 2020).

13.2.2  Phospholipids, CDPKs and MAPKs

These are critical components of the plasma membrane that can generate signalling 
molecules. Phosphorylated phosphatidylinositol (PI) is a significant and complex 
class of signalling precursors. PIP (Phosphatidylinositol phosphate) and PIP2 
(Phosphatidylinositol bisphosphate) plant PI isomers complicate signal transduc-
tion. PLC (Phospholipase C) catalyses phospholipid degradation, resulting in IP3 
(Inositol-1, 4, 5-triphosphate) and DAG (Diacyl glycerol). Individually, these serve 
as second messengers. IP3 levels in the cell have a direct impact on ABA-induced 
gene expression (Sahoo and Mohapatra 2020). Plants that overexpress the enzyme 
involved in IP3 catabolism delay ABA induction of KIN1, RD29A, and RD22. 
Calcium-dependent protein kinases (CDPKs) are among the most numerous plant 
protein kinase subfamilies. It has a Ca2 + sensor kinase hybrid structure, a calmodulin- 
like domain, and a ser / thr protein kinase domain at the N-terminus (Sahoo and 
Mohapatra 2020). It is crucial in the signalling of abiotic stress. MAP kinase is a key 
player in signalling pathways initiated by various surface receptors. The MAPK 
target can be found in a variety of intracellular compartments. MAPK acts as a 
physical link between the cytoplasmic and nuclear signalling pathways (Sahoo and 
Mohapatra 2020).
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13.3  Salinity Tolerance in Vegetable Crops

Excessive salt in agricultural land has been a problem since agriculture’s inception. 
Irrigation has enabled agriculture to be expanded to semi-arid and arid lands and has 
contributed to a significant increase in food production over the last 40 years, result-
ing in the accumulation of large amounts of water and high salt. Soil degradation 
due to increased salinity now affects about 20% of the world’s irrigated areas, 
instead of arid areas and deserts, which currently occupy 1/4thof the planet’s total 
land area (Yeo et al. 1999). SOS3, SOS2, and SOS1 were identified as three signifi-
cant additives that maintain ion homeostasis across salinity stress by molecular and 
biochemical mechanisms (Yamaguchi and Blumwald 2005; Flowers 2004). The 
membrane-bound Ca2 + sensor SOS3, which recruits the ser/thr protein kinase SOS2 
to the moving membrane, detects Ca2 + signalling induced by the salt stress. SOS3 
and SOS2 activate the plasma membrane Na+/H+ antiporter SOS1 and restores 
mobile ion balance via Na+ ion outflow (Sahoo and Mohapatra 2020). The SOS3/
SOS2 complex regulates the Na+ region of the cytosol further by activating and 
dispersing these ions via the vacuolar transporter NHX1. Access to Na2+ ions is 
further complicated by the recreational inhibition of the plasma membrane trans-
porter HKT1. SOS2 also regulates the Ca2+ ion domain in the cytosol by controlling 
the vacuolar Ca2+ channel, CAX1. The entire mechanism results in vegetable crops 
salt tolerance.

13.4  Cold Tolerance in Vegetable Crops

Cold stress, is the most significant biological stress, reducing vegetable crops pro-
ductivity by affecting plant quality and postharvest lifespan. Plants adapt to such 
lethal cold stresses by acquiring cold and frost resistance through a process known 
as acclimation. This cold stress is transmitted via multiple signalling pathways, 
including ROS, protein kinases, protein phosphatases, ABA, and Ca2+. Moreover, 
ABA has proven to be the best (Sahoo and Mohapatra 2020). Plants have a cold 
acclimation mechanism that helps them survive below-freezing temperatures, and 
this mechanism is induced by the COR (Cold response) gene. COR78 (cold induc-
tion) or RD29A (dehydration reaction) are the critical COR gene for studying gene 
regulation in cold and osmotic stress. The RD29A promoter region contains a 9-base 
pair sequence known as the dehydration response element (DRE), which response 
to cold stress. The CBF gene is activated by ICE1 (Inducer of CBF expression). 
ICE1 is a constitutive transcription factor that binds to the CBF3 promoter and 
induces its expression when activated by cold stress. CBF binds to the CRT / DRE 
cis-element of the COR gene and induces gene expression to provide freeze 
resistance.
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13.5  Drought Tolerance in Vegetable Crops

The global climate is changing due to rising temperatures and CO2 levels in the 
atmosphere. Because of the severe drought, the soil moisture available to the plant 
is constantly increasing, causing the plants to die prematurely. Stunted growth is a 
plant‘s first reaction after a drought has been imposed on the crop. ABA is an impor-
tant plant hormone that aids in responding to various stress signals during drought 
stress. The use of ABA on plants mimics the effects of stressful conditions. In veg-
etable crops, ABA-mediated gene expression can be explained by two types of sig-
nalling pathways, i.e., ABA-dependent and independent signalling pathways. AREB 
/ ABF and MYC / MYB are the ABA-dependent regulons (Sahoo and Mohapatra 
2020). CBF / DREB and NAC / ZFHD are ABA-independent regulons.

13.6  Genomics of Major Vegetable Crops and Identification 
of Genes for Abiotic Stresses

Plant genomic information research has bolstered the field of life sciences. Whole- 
genome sequencing can be used to investigate a species’ entire genome and deter-
mine gene function. It is a valuable tool for figuring out how plants grow, develop, 
and differentiate at the molecular level. The advancement of high-throughput 
sequencing and the reduction of sequencing costs have made genome sequencing 
projects on various plant species more feasible. Due to their critical economic rele-
vance and high nutrient content, vegetable crops have become an attractive subject 
for genetic research. Genome studies of numerous vegetable crops have been per-
formed, including wild relatives and current cultivars. These sequenced vegetable 
crops can be grouped principally into Solanaceae, Cucurbitaceae, Brassicaceae, and 
other families (Dias and Ortiz 2021). Many major vegetable species in the 
Solanaceae family, including tomato, pepper, potato, and eggplant, have their 
genomic sequences published (Fig. 13.1).

On the other hand, wild tomatoes have a higher stress tolerance than farmed 
tomatoes. This discovery suggests that some critical wild tomato genes can be 
adapted to survive in abiotic stress (Hao et al. 2020; Pradhan et al. 2021). The fol-
lowing are the primary genome-based methodologies for finding genes relevant to 
vegetable crops. BSAseq is a popular method for resequencing the whole genome. 
This entails generating a new batch of descendants and comparing the resequence 
results to the compiled reference genome. This technique relies mainly on the refer-
ence genome to swiftly identify potential regions. Multiple candidate genes for sig-
nificant features, such as in tomato for internode length (Schrager-Lavelle et  al. 
2019), Grey press (Chen et al. 2017a, b) and Carcass count (Gao et al. 2016a, b; Yu 
et al. 2021) in cucumber and, fruit shape in watermelon (Dou et al. 2018b) etc., by 
using this method. Some other genes are also identified by using this method in 
vegetables which can be useful during the phenotypic selection of genotypes in 
abiotic stresses (Table 13.1).
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Fig. 13.1 List of reference genome information in vegetable crops. (Adapted from Hao et  al. 
2020); Left side: Crop name with sequence accession; Right side: Genome size in Mega Base 
pair (Mb)
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Table 13.1 Gene discovery by genome-based approaches in major vegetable crops for 
changing climate

Crop species

Morphological target trait related to 
abiotic stresses for gene and marker 
discovery

Genome-based 
approaches Reference

Tomato Early flowering QTL-seq Ruangrak et al. 
(2018)

Internode length BSA-seq Schrager-Lavelle 
et al. (2019)

Yellow-coloured fruit MutMap Garcia et al. 
(2016)

Fruit weight QTL-seq Illa-Berenguer 
et al. (2015)

Leaf mold QTL-seq Liu et al. (2019a, 
b)

Cucumber Early flowering QTL-seq Lu et al. (2014)
Carpel number BSA-seq Li et al. (2016)
Golden leaf BSA-seq Gao et al. (2016a, 

b)
Tendril-less BSA-seq Chen et al. 

(2017a, b)
Fruit length BSA-seq Xin et al. (2019)
Subgynoecy QTL-seq Win et al. (2019)
Yellow-green fruit peel MutMap Hao et al. (2018)
Leaf variegation MutMap Cao et al. (2018)
Light green coloration MutMap Lun et al. (2015)
Light green peel MutMap Zhou et al. (2015)
Curly leaf MutMap Rong et al. 

(2019)
Organ size BSR-seq Yang et al. (2018)
Fruit thickness SLAF-seq Xu et al. (2015a, 

b)
Waterlogging SLAF-seq Liang et al. 

(2016)
Melon Striped rind BSA-seq Liu et al. (2019a, 

b)
Flavor-related SLAF-seq Zhang et al. 

(2016)
Watermelon Fruit shape BSA-seq Dou et al. 

(2018b)
Fruit skin color BSA-seq Dou et al. 

(2018a)
Seed coat color QTL-seq Paudel et al. 

(2019)

(continued)

J. P. Sahoo et al.



287

Table 13.1 (continued)

Crop species

Morphological target trait related to 
abiotic stresses for gene and marker 
discovery

Genome-based 
approaches Reference

Pepper Male sterile BSA-seq Cheng et al. 
(2018)

Fruit colour BSA-seq Borovsky et al. 
(2019)

Ornamental 
kale

Lobed leaf QTL-seq Ren et al. (2019)

Chinese 
cabbage

Golden leaf MutMap Fu et al. (2019)

Cabbage Purple colour trait BSR-seq Yan et al. (2019)
Radish Restorer-of-fertility BSR-seq Lee et al. (2014)
Broccoli & 
cabbage

Early flowering QTL-seq Shu et al. (2018)

QTL Quantitative trait locus, BSA Bulked segregant analysis, BSR Bulked segregant RNA, SLAF 
Specific-locus amplified fragment, seq Sequencing

Other BSAseq-derived approaches, such as the QTLseq quantitative trait and the 
ethyl methane sulfonate (EMS) mutant MutMap, have been used to develop abiotic 
stress tolerance vegetable crops. QTLseq has been frequently utilised to find genes 
that control the quantitative features of vegetable crops since publishing reference 
genomes for numerous vegetable crops. This method has successfully identified 
quantitative features that suggest continuous phenotypic changes in different off-
spring of vegetable crops. It was also used to find the linkage marker Ef2.1 (Shu 
et al. 2018) linked to broccoli and cabbage blooms for tolerance to abiotic stress.

Significant QTL linked to cucumber early flowering during the abiotic stresses, 
particularly drought, has also been identified (Lu et al. 2014). This makes it easier 
to choose early-blooming cucumber types and shortens the cucumber growing 
cycle. Fruit weight and quantity of tomato loci (Illa-Berenguer et al. 2015), as well 
as several genes for other qualities such as ornamental cabbage locus leaves (Illa- 
Berenguer et  al. 2015), has also been identified. In addition, QTLseq identified 
watermelon seed coat colour, cucumber sub-gynecology, and cucumber sub- 
gynecology (Win et  al. 2019). The relevance of the reference genome for rapid 
molecular breeding is further demonstrated by the identification of candidate genes 
from carcinogenic EMS vegetable variations. Several pooled sequencing approaches 
have also been established (Abe et al. 2012), and MutMap has been proposed as a 
standard gene identification approach based on NGS technology. Individuals with 
mutant traits in the isolated F2 group can pool their DNA. Two light green shell 
genes (Lun et al. 2015; Zhou et al. 2015) are found in cucumber by using MutMap 
technique (Hao et al. 2018), and leaf-altered genes that control cucumber fruit or 
leaf colour (Cao et al. 2018) has also been identified. MutMap is also used to find 
genes for Chinese cabbage fruits, golden leaves, and yellow tomato fruits (Fu et al. 
2019). MutMap also successfully identifies random genes for plant height and leaf 
morphological variants.
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To construct a high-density linkage map and uncover candidate genes for the 
Rfd1 gene, researchers used the BSRseq approach. BSAseq and BSRseq were also 
employed on Bell peppers at the same time to develop chloroplast and immature 
Bell pepper colours (Garcia et al. 2016). SLAFseq is another method for simplify-
ing the genome and performing whole-genome resequencing. For SLAFseq appli-
cations to succeed, it is also necessary to have a known reference genome and 
bioinformatics foundation. SLAFseq may analyse a species’ genetic diversity by 
simplifying its genome, and bioinformatics opens up new paths for investigating 
genomic alterations in evolutionary species (Xu et al. 2014). Cucumbers, peppers, 
and watermelons can all benefit from SLAFseq to help them figure out their com-
plex features against abiotic stresses. For example, genes associated with cucumber 
fruit thickness, aphid resistance, and flooding were discovered using SLAFseq 
(Liang et al. 2016; Xu et al. 2015a, b; Zhu et al. 2016). It was also utilised to create 
a high-density map with 2634 watermelon SNPs and significantly lower distances 
between linked markers (Shang et al. 2016). Furthermore, SLAFseq, in conjunction 
with other genome-based sequencing technologies, can produce accurate and mod-
est linkage mapping. SLAFseq and BSAseq, for example, have been used to define 
genes linked to pepper’s first floral segment (Xu et al. 2016) and the melon flavour 
gene (Zhang et al. 2016; Abe et al. 2012). These finding suggests that, a combina-
tion of BSAseq and RNAseq is required, including a reference genome to identify 
candidate genes for abiotic stress tolerance in vegetable crops (Table 13.1).

13.7  Genome-Wide Association Analysis in Major Vegetable 
Crops for Abiotic Stresses

Genome-wide association analysis (GWAS) is an effective method based on 
genotype- phenotype correlation in a group of individuals, which looks upon genetic 
variation of complex traits in vegetable crops  in the reference genome sequence 
(Saidou et al. 2014). This can be done by collecting a variety of cultural accessions, 
crossing lines, sequencing, and comparing genetic diversity between them, espe-
cially for traits influenced by various factors. For example, bitterness in cucumbers 
is an undesirable feature, hence cultivars that are not bitter after long periods of 
domestication were chosen. Critical GWAS studies on cucumbers have also aided in 
understanding the genetic mechanism of bittern production using 115 cucumber 
varieties and the rapid and precise detection of bitterness using linked molecular 
markers (Shang et al. 2014), particularly during the employment of abiotic stress.

GWAS can also be used to uncover links between fructose and volatile organic 
acids, which are prevalent in tomato fruit flavours during drought and salinity stress 
(Zhang et al. 2015; Zhao et al. 2019). Capsaicinoid content is a crucial component 
of pepper flavour, and GWAS has been used in several studies to explore capsa-
icinoids. Many transport factors and ankyrin-like proteins may be involved in cap-
saicinoid synthesis, and the C. annum accession has been used to find markers 
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connected to capsaicin and dihydrocapsaicin levels (Nimmakayala et  al. 2016). 
Another GWAS sample, including the C. annuum accession, discovered candidate 
genes or QTLs that modulate capsaicinoid concentration. High-density SNP map-
ping identified 69 QTL regions and 5 candidate genes (Han et  al. 2018) during 
abiotic stresses. GWAS, on the other hand, has several drawbacks. Some GWAS 
markers produce false-positive results, and others are not repeatable among culti-
vars. As a result, GWAS-identified molecular markers in vegetable crops will need 
to be confirmed through genotyping or polymorphism amplification while studying 
them in the abiotic stress environment.

13.8  Genome Based Molecular Marker Discovery 
in Vegetable Breeding

Marker-assisted selection (MAS) has become a popular genotype-based breeding 
approach for increasing vegetable crops breeding performance. MAS can pre- 
emptively eliminate undesirable genetic backgrounds or nudge alleles back to the 
intended genetic region (Fig.  13.2). A sufficient number of molecular markers 
linked with the trait and their polymorphisms are also essential considerations. 
Molecular markers integrating RLFPs or SSRs were previously advanced without 

Fig. 13.2 Flowchart depicting the molecular breeding process in vegetable crops using genome- 
based approaches
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genomic information. On the other hand, those molecular markers are far less poly-
morphic and have a narrow range of expression.

With the introduction of the reference genome for maximal vegetable vegetation 
and the advancement of the NGS era for genome sequencing and resequencing, the 
number of SSR markers has increased dramatically. For the black spikes of ripe 
cucumber fruit and the uniform colour of orange and immature fruit, near-range 
SSR markers were mapped (Li et al. 2013; Yang et al. 2014). In addition, in Brassica 
rapa L. var. purpurea, a high-density map using SSR markers was employed to 
identify the markers linked to traits related to abiotic stresses (Wang et al. 2017). In 
tomatoes, OVATE has been discovered to be a good indicator for fruit shape, as well 
as CYC B, SlMYB12, and SlMYB75 for fruit colour (Rodríguez et  al. 2013; 
Ballester et al. 2010; Fernandez-Moreno et al. 2016; Hwang et al. 2016; Jian et al. 
2019). For cucumbers, a novel targeted SSRseq approach has been devised (Jian 
et al. 2019). It also has higher coverage in high-throughput sequences and is less 
expensive than previously advanced SSR markers, allowing genotyping of many 
SSR markers across different accessions. This procedure can also broaden markers 
so that distinct cucumber ecotypes can be distinguished. SNPs, and SSR markers 
are important markers for vegetable plants because of the vast range and frequency 
of genomic modifications (Hwang et al. 2016).

As a result, SNP markers can be used to accurately genotype vegetables and 
plants and create accurate genetic maps for abiotic stresses (Nimmakayala et  al. 
2014).The molecular linkage map of tomato was also constructed in the presence of 
an excessive density map with more than one molecular marker (SSR, and SNP) 
from the preliminary 2 cM distance among the markers (Tanksley et al. 1992). As a 
result of the disclosure of the complete genome collection of several pepper culti-
vars, the genetic map has advanced dramatically (Zhang et al. 2019b). There are 
now 5569 SNPs in those saturation maps (Zhang et al. 2019b) available for different 
abiotic stresses. The essential qualities of Chinese cabbage are also linked to some 
molecular indications. For example, in Brassica plant breeding, flower colour is a 
flag function that boosts production by attracting pollinating insects. Zhang et al. 
(2019a) discovered markers in Chinese cabbage orange flowers and followed them 
through marker assisted breeding to discern different flower colour styles. These 
comprehensive genetic maps gave markers for inclinations in vegetable crops and 
increased MAS breeding for abiotic stresses. Table 13.2 summarises the genes or 
QTLs associated with abiotic stress tolerance in major vegetable crops.

13.9  Application of Transgenic and Gene-Editing Technology 
in Vegetable Breeding

Physical mutagenesis, EMS mutagenesis, and TDNA insertion can all produce a 
large number of mutagens, but the mechanisms behind them are yet understood 
(Chaudhary et  al. 2019). Finding the correct strain takes a long time and many 
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Table 13.2 Genes identified for abiotic stress tolerance in major vegetable crops

Crop species Name of the genes or TF or QTLs Trait Reference

Broccoli BoiCesA (RNAi) SST Li et al. 2017
Broccoli BoC3H SST Jiang et al. 2020
Broccoli BoC3H4 SST Jiang et al. 2019
Broccoli BoERF1 SST Jiang et al. 2020
Tomato AREB cupidadehydrine TDS Hsieh et al. 2010
Tomato 14–3-3 genes TDS Xu et al. 2018
Chilli Dreb 1A TF TDS Maligeppagol et al. (2016)
Tomato bspA gene TDS Roy et al. (2006)
Chilli Osmotin gene SST Subramanyam et al. (2011)
Tomato HsfA1a TDS Wang et al. (2015)
Tomato microRNA169 TDS Zhang et al. (2011)
Tomato Transcription factor SlNAC4 SST, TDS Zhu et al. (2014)
Potato 28 drought-specific QTLs TDS Anithakumari et al. (2012)
Tomato SlGATA17 TDS Zhao et al. (2021)
Tomato CBF/NHX1/DREB1 genes TDS Solankey et al. (2015)

SST Salinity stress tolerance, TDS Tolerance to drought stress

individuals. A genome-based gene editing approach for vegetable crops is currently 
being used to knock off-target genes in vegetable crops. Because of their stable gene 
transfer method and rich genomic information, tomatoes are an appealing food crop 
for proving the efficacy of gene editing. Tomato CRISPR has knocked out many 
genes, including regulation of the drought-tolerant gene SlMAPK3 (Wang et  al. 
2017). PROCERA is a gene that responds to gibberellin (Tomlinson et al. 2019) in 
significant vegetable crops during abiotic stresses (Soyk et al. 2017). Future studies 
on the domestication of wild tomatoes will also employ genome editing techniques. 
Wildtype tomatoes with good resistance properties can be genetically modified (Li 
et al. 2018; Zsögön et al. 2018). The cucumber is a model plant for squash, and its 
solitary nature makes reproduction difficult. As a result, selecting a female cucum-
ber variety as a breeding target can increase cucumber yields while saving time and 
money. According to Hu (2017), all-female cucumber materials are conserved by 
boosting the cucumber genetic transformation mechanism and knocking down 
CsWIP, which regulates the whole female phenotype during multiple stresses. This 
method was also used to knock out the cucumber-specific short fruit genes sf1 and 
sf2 and provide the framework for molecular fruit development regulation (Xin 
et  al. 2019; Zhang et  al. 2019a). The CRISPR technique can benefit other 
Cucurbitaceae vegetable crops (Tian et al. 2018). For example, changing the water-
melon genome revealed ClWIP1’s genetic role, and female plants were kept to pro-
mote hybrid plant purity (Zhang et al. 2019a). CRISPR technology has also helped 
salt-tolerant squash varieties (Huang et al. 2019).
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13.10  Conclusion

With the completion of the genetic sequencing of major vegetable crops, genomic 
information has significantly accelerated molecular breeding. By utilizing genetic 
data, genomic sequencing, and genotyping, several new identification approaches 
have been developed and applied to the majority of vegetable crops in order to iden-
tify major genes tolerance to abiotic stresses. For marker assisted breeding, several 
molecular markers that are directly related to essential properties of vegetable crops 
and linked to abiotic stress tolerance genes have also been established for major 
vegetable crops. Advances in gene-editing technology have also paved the way for 
developing new vegetables varieties with improved characters. However, in the case 
of vegetable farming, the breeding strategy must be improved.

Even though the genetic sequences of the majority of vegetable crops have been 
identified, many approaches, such as MutMap Plus and MutMap Gap, have yet to 
be successfully applied to vegetables for identifying genes associated with abiotic 
stress tolerance in order to combat climate change. These methodologies, which are 
reliable in other model cultures, should be used to discover target genes and related 
molecular markers in vegetable crops. Researchers and breeders can improve com-
munication and information exchange by using connected data. Molecular identifi-
ers can thus be effectively transformed into widely used markers in this manner. 
Superior traits in vegetable crops and cultivar genotypes can also been studied to 
better understand the molecular process of superior trait development and to pro-
vide a theoretical foundation for molecular breeding.
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Chapter 14
Emerging Insect-Pests of Vegetables 
Due to Changing Climate

M. Prashant, M. A. Waseem, Kalmesh Managanvi, Erayya, 
and Vijay Laxmi Rai

Abstract Climate change, an emerging global worry to farming in many countries 
and it is the most discussed topic in many forums as it affects the many livelihoods 
including human beings. Many weather affecting the different forms of life includ-
ing hexapods by impacting in hexapod fecundity, habit, habitat, behavior, endur-
ance, mobility, generation’s asynchrony between plants and pests, altered 
inter-specific interaction, increased hexapod vectored diseases and reduce the effec-
tiveness of natural enemies. The global warming is also threatening overall food 
production any country by way of shifting hosts, moving to higher elevation, minor 
pests becoming major pests and increased invasiveness due to trade of different 
agricultural commodities. Many of the insect-pests are affecting hosts plants includ-
ing vegetables as most of the insect are polyphagous in nature, they easily shift from 
one crop to other crop irrespective of cereals, pulses, vegetables and fruit crops 
there by damaging host plant and in turn reducing the productivity. Before we deal 
with different management strategies there is wide concern to address the climate 
change effects on the hosts as well environment as whole.
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14.1  Introduction

A regular swelling in the average heat of the Earth’s troposphere and its oceans is 
termed as climate change and a transformation that is thought to be altering the 
Earth’s weather endlessly. The overall temperature of the world has been progres-
sively escalating from 1900 along with arise of approximately 1 °C. The highest 
upsurge has been observed in America, but in India’s the raise in temperature was 
between 0.2 °C and 1 °C.Likewise, the rate at which globe is heating was increas-
ing; in the last 50 years the temperature increase was twice as compared to the last 
100  years. The average temperature from July to October season (Kharif) and 
November to March season (rabi), in India is expected to augment up to 1.7 °C and 
3.2 ° C respectively along with anticipated increase of 10% in precipitation by year 
2070 (Gupta 2011).

The dialogue of the fast few decades remains the climate change. Due to varia-
tions in climatic aspects viz., temperature, rainfall, relative humidity and other mete-
orological gears will have impact on the superiority and amount of crop produce. 
Climate change is intimidating worldwide food production through straight effects 
in agricultural productivity and insect-pest and disease associated losses of crop 
plants. Every notch increase in temperature might cause 10–25% crop losses from 
insect pests. Intergovernmental Panel on Climate Change (IPCC 2007), defined it as 
“Change in climate over time, either due to natural variability or as a result of human 
activity”. Over the last 50 years the maximum of global warming reported is due to 
the anthropological actions, as described by IPCC. The increase in the temperature 
of globe is the consequence of the greater greenhouse effect, triggered due to the 
higher concentrations of greenhouse gasses (GHG) viz. Chlorofluorocarbon (CFC), 
Methane (CH4), Carbon-dioxide (CO2) and Nitrous oxide (N2O) in the surrounding 
environment. Over last 10 decades, the carbon-dioxide concentration in the atmo-
sphere has gone up radically from280 ppm to 370 ppm and by 2100 it is expected to 
be doubled. According to IPCC (2007), temperature of globe has amplified by 
0.6 + 0.2 °C and is predicted to attain 1.1–5.4 °C over the end of century. IPCC 
explains if 2 °C temperatures increase over the subsequent 100 years, then undesir-
able global warming effects might start to spread to maximum areas of the globe 
and it might straightly disturb many of the earth’s living organisms. Global warming 
with increase in temperature and carbon dioxide along with climate variability of 
the environment may have numerous consequences in agricultural sector viz. change 
in precipitation pattern, extended period of drought and reduced crop production 
due to minor insects becoming major insect.

The climatic conditions which regulate much of the natural and agro-ecological 
systems during the season and species diversity in that particular area. In agro- 
ecological system, weather disturbs quality of crop and its harvest, as the insect 
pests and diseases were managed by natural enemies; the management practice that 
mainly ignored (De Bach 1964). The preceding valuation report from the IPCC 
forecasts, by the year 2100 an augmentation in 1.1 to 5.4  °C mean temperature 
(Meehl et al. 2007).
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14.2  Vegetables in Climate Change Scenario

Vegetables are considered as defensive food as they source vital vitamins, nutrients 
and minerals to the human lives and are the greatest source for killing micronutrient 
insufficiencies. The universal production of vegetables has doubled over the last 
25 years and the worth of international trade in vegetables now surpasses that of 
cereals. In Asia, produces are maximum in the eastern side where the weather is 
predominantly sub-temperate and temperate. India is the second major producer 
after China in the world in vegetables production with17.3 t/ha and 22.5 t/ha respec-
tively. In the last20 years, the olericulture production in India has been amplified 2.5 
times. Vegetables are more succulent (have 90% water) and are usually more deli-
cate to weather extravagances (Solankey et al. 2019), so therefore higher tempera-
ture along with inadequate moisture in soil remain the chief reasons of reduced 
harvests because they significantly disturb many biochemical and physiological 
developments like decreased photo synthesis, enzymatic and metabolic transforma-
tion, hot air wound to the vegetable plant tissues, reduction in pollination and ulti-
mately reduced fruit set.

The implications of the changes in climate seriously hit the vegetable produc-
tion. Under the shifting climatic circumstances failure of crops, reduction in yields 
and quality along with higher incidence of insect pest and disease complications are 
natural and they tend to the vegetable farming a loss-making enterprise. Thus, even-
tually questions the accessibility of nutrient source in man’s food. The South Asian 
seasonal monsoon will be arriving lately or becoming uncertain and that tempera-
ture upsurges will be dominant during the winter period. The disappointment of the 
reduced rains fallouts in shortage of water, ensuing in lesser average harvest of the 
crop. It is very much predominant in the many droughts hit areas viz. Rajasthan, 
northern Karnataka, eastern and southern Maharashtra Andhra Pradesh and Orissa. 
In the states like Karnataka, Andhra Pradesh and Tamil Nadu a high temperature 
along with insufficient precipitation at the sowing time and severe shower at the 
time of crop harvesting cause high crop losses.

The proportion of increase in minimum temperature throughout the Rabi season 
is significantly larger than in rainy season. The maximum temperature presented 
growing yearly in rainy season crop and rabi crop time periods nonetheless substan-
tial increase was detected from 2000 year onwards. Ahead and noteworthy undesir-
able precipitation movements were detected many states of India. In spite of having 
a straight consequence on rain fed vegetable production, climate change disturbs 
water storage and water availability for irrigation. As the accessibility of water is 
partial, drought will become the foremost stress issue to vegetable growing, more 
stressing farming systems. Climate change happens to be the utmost important rea-
son of biodiversity damage over the next 100 years, which causes fluctuations in 
species phenology, distributions and ecological interactions in the environment. For 
instance, most vegetable crops like Cole crops, onion and root crops are fertilized 
by insects as changes in pollinating insect species viz. honey bees, syrphids distri-
bution will affect the pollination there by reducing the yield. Forays of agricultural 
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crops by weeds can be additional big problem. Post-harvest value of vegetables was 
disturbed by seasonal variations may be by heavy yield losses, affect safety of food 
storage throughout storage period, by instigating fluctuations in fungi populations 
which are producing aflatoxin. The recurrent extreme weather actions under climate 
change might harm infrastructure, with destructive effects on storage and dispersal 
of vegetables. Along with the physiological and biochemical changes, climate 
change may impact the insect pest and disease incidence, host-pathogen interac-
tions, distribution and biology of insects, time of appearance in cropping season, 
movement to new locations and their hibernating capacity. Growth and expansion of 
plant diseases largely depends on environment prevailing about the host and patho-
gen and a modification in the constituents may impact host vulnerability and there-
fore host, parasitoid and parasite relationship. Overall, global climate change has 
the capacity to change plant composition, mechanism of resistance and to modify 
expansion of the pathogen. Many other significant factors manipulating diseases in 
vegetable plant are air contamination, predominantly UV-B radiation and ozone 
along with nutrient accessibility.

14.3  Insect-Pests and Climate Change

Insects-pests which belong to arthropods are coldblooded which means they change 
the temperature of their bodies is roughly similar to the surrounding environment. 
So, the most important ecological factor affecting insect/hexapod development, 
behavior, dispersal, existence, and reproduction is undoubtedly the temperature. 
The carbon-dioxide emitted by anthropogenic activities is almost twice more impor-
tant for temperature rise than other greenhouse gases altogether. Even though, aug-
mented CO2 would not straightly affect hexapods, the temperature surges determined 
by the intensification in CO2 by human activities will affect the hexapods in their 
phenology, dispersal, nourishment and as a disease carrying vectors.

14.3.1  Crop Production Influenced by Climate Change 
in Three Ways

 1. Fluctuations in precipitation, temperature and carbon dioxide stages directly on 
the host plant growth and well-being.

 2. Indirect consequence on plant well-being via climatic persuaded fluctuations in 
plant and competitor circulation along with species richness.

 3. Consequence on host plant well-being indirectly via deviations in advanced food 
chain communications of predators, parasitoids and competitors on plants and/or 
competitor dispersal along with richness.
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The above-mentioned fluctuations in global temperature have radical impact on the 
financial system of farm oriented, biodiversity prosperous country like Republic of 
India. The global temperature raises is projected to have remarkable implications on 
numerous species on the earth (Table 14.1). The sign of a reply to long-term eco-
logical trends, directly or indirectly connected to current global warming are 
remarkably quick and many fold particularly in insect species. It comprises move-
ment towards northern and altitudinal in topographical choice, increased sum of 
generations for insect species especially in multivoltine, improved cold persistence 
along with extended hibernations. The climate change estimated patterns will con-
tain manifold collaborative undeviating properties on the functioning herbivores 
and plant species as well. The ecological factors manipulating crop phenology like 
blossom bud maturation, strength in blossoming, period of development, produce of 
the crop laterally with superiority, insect pests, diseases occurrence, physiological 
ailments that might deliver whichever destruction of conventional places or ensure 
additional places becoming possible for farming of these crops, in all these ways the 
climate change looked to have obstructed. The communications between host plant 
and herbivores are manipulated by climate change in so many ways. To cite a few, 
the expected ecological fluctuations in CO2concentrations, raincloud cover, tem-
perature, nutrient and water accessibility will disturb host plant vulnerability to 
plant feeders (Johnson and Lincoln 1991). The herbivores dietary necessities, 
growth time and hibernation survival will directly be influenced by climate change 
(Solbreck 1991). Indirectly the herbivores will involve variations in foodstuff in 
addition to the above impacts. There will be occasional penalty at the stage of popu-
lations, niche, ecosystem and communities due to modification in nature and 
strength of various plant herbivore exchanges induced by climate change. The prog-
ress might constitute the capability of numerous cultivators of temperate nuts and 
fruits to fruitfully yield the similar quantity as in the history.

Table 14.1 Climate change impact on insect pests

Component Means of action
Effect 
(+/−) Influence

Increased 
CO2

Host plant size and canopy 
density increase and raise in 
carbon nitrogen ratio

– Additional amino acids extraction by 
herbivores by increased eating

– Fungal spore increases and influence 
disease causing agents

Decreased breakdown rate 
could increases the crop 
residue

– Increases in inoculum concentration at 
the start of the cropping season as the 
pest can overwinter
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14.3.2  Directs Effects of Climate Change on Insect-Pests

14.3.2.1  Effect on Population Growth Rate

The temperature can put for the diverse effects due to the different developmental 
stages of hexapods. Species with soaring thermal acceptance will carry out superior 
during harsh and recurrent extreme temperature events than other species (Burgi 
and Mills 2010). In tropical and subtropical regions, the temperature increases 
inside certain favorable ranges speed up the growth rates, multiplication and exis-
tence of hexapods. Thereupon, hexapods might be competent in finishing a higher 
cycles per year and eventually resulting in additional yield losses (Bale and Hayward 
2010). In recent times, it was clearly observed in case of pests like Aphids and plant 
hoppers. Pandi et al. (2018) projected that for every 2 °C rise in temperature, hexa-
pods will enhance one to five extra cycles in development per planting season. In 
addition to sucking pests, elevated temperature benefits some lepidopterans in num-
ber of ways by escalating their flight, thus leading to increased mating accomplish-
ment and egg laying and eventually larger brood expansion. Elevated CO2 and 
temperature will increase activities of enzymes (e.g. midgut proteases, carbohy-
drates, and mitochondrial enzymes) and metabolic rates which in turn may guide to 
increased number of generations of insect pests (Akbar et al. 2016). Shrestha (2019) 
reported that insect causing yield losses could increase for every additional degree 
of temperature increase it would rise by 10–25%additionally.

14.3.2.2  Effect on Migrating Behavior and Habitat Ranges

Hughes et al. (2003) reported that rise in temperature likely to vigor the insect spe-
cies to change their dispersals by intensifying into the newer zones of climate and 
by vanishing from places that have developed inappropriate climatically. Increasing 
temperatures will allow hexapod pests to transfer from subtropical and tropical 
areas to colder or temperate areas at increased elevations laterally with modifica-
tions in farming places host plant. Parry and Carter 1989 predicted that for every 
1 °C increase in temperature might spread dispersal of insects140 km upwards in 
elevation or 200 km north. This is clearly indicating that global warming will cause 
more crop yield losses in temperate countries due to the expansion of insect range. 
At the same time, it makes them as vulnerable places for introduction of new inva-
sive pests having potential threats to their agro ecosystems. Insect pests which 
increase its main host range outside those of their major predators and parasitoids 
potentially escaping biological pest control and may cause outbreaks. In near future, 
it is unfortunate to note that because of short life cycle and increased fighting ability 
of sucking insects, viral diseases may become prevalent and cause severe crop 
losses to farmers (Sharma et al. 2005). Several modeling studies predicted the range 
expansion of forest as well as agricultural insect pests. Few examples are given 
below. Global warming consequential heights wise host series enlargement and 
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augmented hibernating existence of Heliothis zea (maize earworms) and cob worm 
Helicoverpa armigera might result in hefty decrease in crop yield and present chief 
obstacle for insect pests’ management in corn (Diffenbaugh et al., 2008). Increase 
in temperature will let the unfriendly pink bollworm, Pectinophora gossypiella 
(Lepidoptera: Gelechiidae), to increase the appetite on cotton interested in previ-
ously unreceptive parts effected by substantial ices and harm percentage might rise 
through-out the existing areas (Gutierrez et al. 2006). The northward expansion of 
southern pine beetle, Dendroctonus frontalis, has stayed associated to upgraded cir-
cumstances for hibernating beetles may be in larval or adults’ stages (Williams and 
Liebhold 2002).

14.3.2.3  Effect on Overwintering or Resting Periods

Hexapods undertaking hibernation are probable to have the experience the impor-
tant thermal variations in their environment (Bale and Hayward 2010). Faster bio-
logical activity at advanced temperatures reduces the time period required for 
hexapod diapause that may be by faster reduction of stockpiled nutrient posses-
sions. In winter, the global warming might postponement in beginning and initial 
summer season may help in quicker end of overwintering in hexapods, which can at 
that point recommence their vigorous development. Lower winter mortality of 
hexapods owing to hot midwinter temperatures might be significant in raising hexa-
pod inhabitants (Hahn and Denlinger 2007). A warm, dry winter will aid aphid 
survival and increase population in wheat. The pupae of Helocoverpa armigera 
could emerge up to 7 days earlier from winter diapause when temperatures increase 
(Ouyang et al. 2016).

14.3.2.4  Effect on Abundance and Biodiversity

The comparative richness of different hexapods species might alter quickly owing 
to changes in climate, and the insect species incapable of withstanding the traumas 
might be vanished in the coming times (Jump and Penuelas 2005). As temperature 
increases, the species present in mountains or high latitudes are likely to be affected 
more comparatively to lower altitude and they will be enforced to modify their 
innate places to further advanced altitudes. Nonetheless, still if they are clever to 
transfer, they will ultimately run out of livable ranges and may unavoidably get 
destroyed. In addition to temperature, significant variations in precipitation will 
have a main effect on the richness and of diversity of insects. Severe shower may 
decrease the occurrence of sucking insect pests like thrips, aphids, leaf hoppers and 
whiteflies. Aberrant weather events cause the outbreak of insect pests for example, 
red hairy caterpillar outbreak may be seen due to heavy and frequent rains and 
extended dry spells followed by heavy precipitation reasons the epidemic of cut-
worm’s pests (Sardana and Bhat 2016).
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14.4  Indirect Effects of Climate Change on Insects through 
Host Plants

14.4.1  Effect on Host Plant and Insect Pest Synchrony

Normally, the natural timing of the insect lifecycle synchronizes with the lifecycle 
of the plants on which they feed. However, climate change has caused mostly nega-
tive consequences from the increasing asynchrony in ecological systems, due to 
variation in the phenological responses of insects and their host plants (Vissers and 
Holleman 2001). Many insect species feeding on specific plants will face pressure 
to adapt as the plants on which they feed undergo changes in their growth cycle. 
Consequently, predictable response in hexapods could comprise an advance in 
period for adult and larval emergence and upsurge in span of flying time (Menéndez 
2007). Asynchrony in phenology of winter moth (Operophtera brumata, 
Lepidoptera: Geometridae) with its wood host Oak tree where moth eggs gamble 
with their own lives by hatching early (Van Asch and Visser 2007). It was observed 
the egg masses laid in 23 of 30 by the bay checker spot butterfly Euphydrya seditha 
(Lepidoptera: Nymphalidae) were emerged later the plants (Plantago and Castilleja) 
had gone through ageing, thereby none of the larvae from these batches attained the 
third instar stage (Singer and Parmesan 2010).

14.4.2  Effect of Increased CO2 on Host Plants

Lamarche et  al., 1984 believed that increased atmospheric CO2 associated with 
global warming could stimulate plant growth because of increased photosynthesis 
rate of most of C3 plants, thus increasing the amount of food available which scien-
tist originally believed that swelling carbon dioxide concentration might be an 
answer for global nourishment. Regrettably, these hopeful forecasts have not estab-
lished precise. One motive for this is that hexapods also plague higher when florae 
are raised in higher levels of CO2 owing to poor nutritious superiority of host plant. 
According to the “Nutrition compensation hypothesis,” raised CO2concentrations 
can disturb indirectly the growth fitness of plants by altering the nutritive value of 
host plants. It had negative effects on insects by diluting the nitrogen in leaf tissues 
by 15–25% and increases the C: N ratio due to buildup of non-structural sugars 
(Lincoln et al. 1993). Insects especially chewing insects such as moths and butter-
flies may revealed to reply this proportion by accelerating eating in order to achieve 
the metabolic requirements for nitrogen to derive more amino acids called “com-
pensatory feeding”. However, xylem and phloem eating hexapods such as the 
hemipterans may be least exaggerated by raised CO2 levels (Petzoldt and Seamann 
2010). After investigating the effects of elevated CO2 on many lepidopteran pests, 
several studies revealed that it lengthy larval and pupal period and reduced pupation 
rate and pupal mass. It also resulted in increased relative consumption rate, decreased 
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efficiency of conversion of ingested as well as digested food and low relative growth 
rate. It has been designated that raised CO2, increased 22% abbreviated tannins, 
19% phenols, and 27% flavonoids whereas terpenoids nitrogen based secondary 
metabolites decreased by 13% and 16%, respectively (Robinson et al. 2012). Under 
elevated CO2 (> 550 ppm) augmented digestibility, and reduced effectiveness of 
alteration of swallowed diet into body matter have been documented in four con-
secutive cycles of caster semilooper, Archaea janata (L.) under raised CO2 (Srinivasa 
Rao et al. 2013). Higher activity of digestive and mitochondrial enzymes thereby 
increased rate of consumption of Helicoverpa armigera was observed by Akbar 
et  al. (2016). Chen et  al. (2004) reported that increase in population of Sitobion 
avenae (wheat aphid): Prasannakumar et al. (2012) on Nilaparvata lugens (Brown 
Plant Hopper) while Sudderth et  al. (2005) on Macrosiphum euphorbiae (Potato 
aphid) due to higher CO2 levels.

14.4.3  Increased Temperature and Insect-Pests

Many effects of augmented temperature on hexapod routine have to do with the 
straight effects on insects due to temperature. As hexapods are exothermal, in 
warmer circumstances the insects incline to be more energetic. It is projected that 
for every 2° C temperature upsurge hexapod will have one to five added life sets in 
every season. The dietary quality host plants in will be increased due to higher pho-
tosynthetic activity as increase in temperature raises. It has been revealed that, to 
improve the plant feeding by hexapods indirectly by altering the development prob-
ability of host plants, which turn lead to the epidemic of insect pests in that area 
(Visser and Both 2005).

In few insects like thrips the gender percentages may be altered by temperature 
possibly affecting parthenogenic speed. Hexapods which devote significant time of 
their life cycle on the earth may be additionally exaggerated by temperature varia-
tions than individuals that are just above soil just for the reason that soil offers a 
protecting intermediate that determine or incline to shield temperature variations 
more than the air. Lesser winter death of hexapods due to warmer winter tempera-
tures might be significant in swelling insect inhabitants. With higher latitude and 
altitude, the hexapods species variation per area leans towards to decline, indicating 
that increasing temperatures could consequence in higher hexapod species feeding 
a greater number of hosts plants in temperate weathers. In addition to above the 
production of plant secondary metabolites and some other plant distrustful charac-
ters will be affected and may become vulnerable to insect attack. Further, some 
other studies have revealed the contrary effects of raised temperature on plants, 
together with altered developing time period and enlargement in the usage of plant 
possessions for other plant feeders. Zhang et al. (2018) observed the noteworthy 
reduction in the larval period, pupal period of Spodoptera litura nourished on soy-
bean raised in elevated temperature in divergence to ambient temperature. Primary 
start of invasion by Helicoverpa armigera in pulses and cotton in North areas of 
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India may be due to reduced host defenses as a result of temperature stress (Sharma 
et al. 2005).

14.4.4  Precipitation Pattern and Insect-Pests

Under the changing climatic conditions early and appropriate sowing become more 
ambiguous. For example, with temperature and rainfall variations can influence 
hexapod pest parasitoids, predators and diseases ensuing in a multifaceted effect. 
Spores of fungus affecting hexapods are influenced by high relative humidity and 
their occurrence would be augmented by changes climate which increase time of 
high relative humidity and decreased by those individuals that lead to drier situa-
tions. Most of the smaller sized insects are delicate to rainfall and are get murdered 
or detached from host plants under heavy precipitation, and the deliberation is sig-
nificant during selecting proper management practices for onion thrips.

14.4.5  Combined Effect of Elevated CO2 and Temperature 
on Insect-Pests

Overall, the herbivores cultivated in raised carbon dioxide are lesser nourishing to 
hexapod herbivores, as they might affect their behavior and performance. Physical 
appearance of host-plant deviates characteristically make foliage material plagued 
by hexapods which less healthy. As a result of this the hexapods have a more prob-
lematic time altering the nutrition they eat into biomass. To alleviate the diet which 
is of less nutritive, hexapod herbivores frequently eat higher quantity. Zvereva and 
Kozlov (2006) assessed that the level of nitrogen concentration in plants is decreased 
both under higher CO2 and higher temperature conditions.

In plants the ratio of carbon and nitrogen was increased under raised temperature 
and CO2 conducts, nonetheless the organic carbon related minor composites did not 
display an important reply to intensifications in any of the temperature and CO2. It 
was also reported that plant feeder act in relations to existence, growth of rate, pupal 
weight and egg laying were undesirably exaggerated by higher CO2 unaided, but 
then again definitely exaggerated by raised temperature; when studied concurrently, 
as two features had none of the evidences on the hexapod act (Cornelissen 2011). 
Antixenotic properties possessed by plants may also protect automatically, may be 
possessing hard leaf surfaces or by possessing leaf hair, scales, trichomes like struc-
tures on it.

The increased carbon dioxide led to better success of natural enemies praying 
upon the their pray as it is more visible. As the hexapods have more life cycle stages 
and typically take more time to develop, so that they are more visible in time to the 
attack of natural enemies. Higher leaf damage and frass production due to increased 
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consumption rates are also the signals to natural enemies. However, recent studies 
observed detectable variation in insect population due to the interactive effect of 
elevated CO2 and temperature. Pandi et al. (2018) observed that elevated CO2 and 
temperature had showed encouraging effect on brown plant hopper reproduction, 
increasing its inhabitants (55.2 ± 5.7hoppers/hill) in contrast to normal carbon diox-
ide and temperature (25.5 ± 2.1 hoppers/hill). In a China based study, Zhang et al. 
(2018) observed the decrease in relative growth rate (RGR), Efficiency conversion 
of ingested food (ECI), Efficiency conversion of assimilated diet and increase of the 
actual daily when S. litura fed on a soybean cultivar.

Even Karthik et al. (2021) suggested that Temperature and elevated CO2 has a 
strong effect on insect growth, survival and reproduction and enrolls a major role in 
controlling the development and growth of their host plants. In addition, the devel-
opment of plant secondary chemicals as well as the structural characteristics used to 
protect against herbivores are influenced by temperature. Thus, for both insects and 
plants, temperature has potentially significant consequences (Fig. 14.1).

Fig. 14.1 Effects of elevated CO2 and temperature on plant, insect and their interaction
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14.4.6  Effect on Host Plant Distribution

Global warming can also influence the geological spreading of plant species and 
their growth outlines. There will be variations in the richness and dispersal of its 
grown and non-grown plants would the insect pest dispersal. Many new insect pests 
may notice, while some insect pests may turn out to be invasive by reaching new 
areas due to extended range of their host plants. Wang et al. (2017) in their modeling 
study on international dispersal of Colorado potato beetle revealed the risk of inva-
sion of the beetle from its native range. Climate change indirectly can also impact 
biotic dispersal of vector borne viruses and diseases triggered by parasite will 
increase. In some part of the globe, there will be bigger disease epidemics and some 
other part of the world may eyewitness reduced outbreak of diseases too based on 
the type of disease parasite or vector accessible at a given time and space 
(Nwaerema 2020).

14.5  The Impacts of Climate Change on Insect-Pests 
May Include

• Variation in diversity and richness of hexapod pests
• Variations in pests’ dispersal among different geographical regions
• Amplified hibernation in insects
• Swift population build up and number of cycles
• Fluctuations in synchronization of insect pests and their host plants
• Deviations in resistance of host plants
• Changes in hexapod biotypes
• Variations in tritrophic exchanges
• Influence on extinction of insect species
• Changes in action and comparative richness of natural enemies
• Amplified threat of invasive pest species introduction
• Effectiveness of crop protection skills may be reduced

14.6  Impact of Climate Change and Insect-Pests

14.6.1  Rising Temperature

Temperature is recognized as main abiotic factor straight affects herbivorous hexa-
pod pests. Insects being poikilothermic, have temperature of their bodies is similar 
as that of the surrounding situation. So, the growth rates of the insect’s life cycle 
phases are sturdily reliant on temperature. Many hexapods will be affected to some 
extend for every notch variation in temperature and so, insect life histories will be 
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affected manifold due to this. Fleming and Volney (1995), Fye and McAda (1972), 
and Cammell and Knight (1991) based on many experiments models and support 
the notion that the ecology of hexapod pests is probable to reply to amplified tem-
peratures. Through each notch increase in worldwide temperature, the overall life 
history of hexapod pests will be lesser as compared to normal temperature. The 
faster the insect life cycle, the more developed might be the inhabitants of insects. 
In colder climate, many of hexapod stake their development time throughout the hot 
portions of the year thereby the insect species which has a definite climatic regime 
whose niche area is well-defined, might reply additionally to changes in climate 
while individuals in which the place is unfinished by other living or nonliving fac-
tors will be fewer expectable (Bale and Hayward 2010). In the earlier situation, the 
overall forecast is that if temperatures of the globe upsurge, the insect species in 
question might swing their terrestrial ranges nearer to the poles or to advanced 
raises and increase their inhabitant’s population (Harrington et al. 2001; Sutherst 
2000; Bale and Hayward 2010; Samways 2005). How the raise in temperature 
affects the insect pests is depicted in Fig. 14.2 (Skendzic et al. 2021).

Due to climate change, there will be rise in global temperature which ultimately 
influence the hexapod pests in many ways as.

 (a) terrestrial areas expansion.
 (b) more hibernation and aestivation.
 (c) fluctuations in inhabitants’ development rate.

Fig. 14.2 Effect of rise in temperature to the insect pests
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 (d) amplified sum of life cycles.
 (e) delay of expansion time.
 (f) fluctuations in insect and crop synchronization.
 (g) deviations in inter and intra-specific communications.
 (h) augmented dangers of incursions and.
 (i) entry of different hosts.

14.6.1.1  Changes in Insect-Pests Diversity

Increased realization of the deterioration of biological systems over the last couple 
of decades has led to a better appreciation of the loss of genes, species and ecosys-
tems. In the overall animal kingdom insects play a major and dynamic role in pro-
viding many amenities of the ecosystem (Kannan and James 2009; Kremen et al. 
1993). Hexapods multiplicity in an environment designates the healthiness of an 
environment as they are actual decent pointers of changes in environment (Gregory 
et al. 2009), which show a significant part in dietary chains and food webs. Alfred 
(1998) reported that in India approximately 6.83% of global hexapod species are 
present. The changes in climate might disturb the comparative wealth of unlike 
hexapod species and the incapable species to familiarize the variations may be van-
ished over the period of time (Thomas et al. 2004). Anand and Pereira (2010) and 
Hampson (1908) reported that in India western ghats is the only habitation to many 
species of colorful moths and butterflies which are erratic, endemic in the world. At 
present numerous butterfly species are under an actual danger just because of 
exhaustion of the normal flora for numerous man-made happenings as reported by 
Costanza et al. (1987), Sachs (2008), and Sidhu and Mehta (2008).

There is an essential to rise functional multiplicity in agricultural ecosystems 
susceptible to changes in climate to recover structure flexibility, and reduce the 
number of fatalities owing to hexapods (Newton et  al. 2011). Still, variations in 
planting designs as a consequence of global warming might radically disturb the 
equilibrium amongst hexapods and their biocontrol agents. Foremost impact of 
changes in climate on hexapod pests and natural enemies ‘effect in diminished rich-
ness of predators, parasitoids and decomposers and higher plant feeding, which 
might have undesirable significances for building and facilities of the whole ecosys-
tems. Answers of hexapod pests and natural enemies hang on both rainfall and tem-
perature and ecosystem inclusive antagonistic problems are probable to higher 
beneath projected climatic changes (Zvereva and Kozlov 2006). Significances of 
temperature rises of 1-2 °C might be equivalent in size to the presently seen climate 
change (Bokhorst et  al. 2008). Intensification in rainfall will mainly disturb the 
insect species with meager distribution competences, which will bind their capabil-
ity to enlarge their native range (Xannepuccia et al. 2009). Huge gauge of variations 
in precipitation due to changes in climate might have a main effect on the richness 
and multiplicity of both hexapod pests and natural enemies. In case of extreme 
drought due to climate change are expected to decline trophic variety and alter the 
arrangement of ecosystem (environment and organisms). Habitat disintegration 
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consequences in the subdivision of habitats into lesser units ensuing in their ampli-
fied narrowness as well as loss of total habitat area. Such disintegration deviates the 
local weather at the split limits and limits effects comprise microclimate, light fluc-
tuations, relative humidity and temperature individually these can have a notewor-
thy influence on the liveliness.

14.6.1.2  Extension of Geographical Areas

The topographical dispersal and richness of animal and plant kingdom in nature is 
identified by insect specific weather necessities vital for their development, exis-
tence and replication. Circulation in insects will rise if there is small increase in 
temperature. One projection state that for 1  °C increases in temperature might 
authorize swiftness of 200 km north or 40 m elevation in upward direction. Parts 
that are non-favorable at existing due to less temperature might convert favorable 
with increase in temperature. Minimum temperature compared to maximum tem-
perature act as significant player in influential the worldwide spreading of hexapod 
species, henceforth any surge in temperature might upshot in a better capability to 
hibernate at higher elevations, eventually producing a change. Numerous hexapods 
have topographical arrays that are non-straightly restricted due to foliage, nonethe-
less in its place are delimited by temperature. Prior investigations have revealed that 
whenever there will increase in temperature, the hexapods are predictable to spread 
their topographical areas at higher elevations laterally with variations in farming 
areas of their host species (Hill and Dymock 1989; Sharma et al. 2005; Kuchlein 
and Ellis 1997). The heating in pleasant area may direct to reduction in comparative 
richness of temperature subtle hexapod inhabitants (Sharma et  al. 2005, 2010; 
Petzoldt and Seamann 2010). Typically, the Glacial areas are unnatural since the 
hexapod outburst sowing to less temperature then regularly happening ices (Volney 
and Fleming 2000). In the upcoming period, predictable global heating (Carroll 
et al. 2004) and amplified famine occurrence (Logan et al. 2003) is anticipated to 
source additional recurrent hexapod occurrences in mild areas too. As the species 
prosperity of hexapods tends to surge with temperature, it is imaginary that with 
arise in temperature additional species will be increased than lost. Hibernating sur-
vival and timing of the instigation spring are significant at higher latitudes, leading 
to residents increase. Choice allowance in Helicoverpa armigera, a key insect insti-
gating damage to vegetables and many other crops in India is projected with global 
heating (Sharma et al. 2005). Afterward, the continuing changes in hexapod circula-
tion and array owing to altering weather might change local construction, multiplic-
ity and working of ecosystems (IPCC 2007).
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14.6.1.3  Changes in Insect Phenology

Along with the modification in planetary of insect species dispersals, changes in 
climate led to an environmental swing in period, by means of fluctuations in insect 
species phenology (timing of life history stages insects). Root et al. (2003) noted 
that was ace of the coolest influences of changing climatic conditions to screen and 
is utmost recognized in this esteem for an extensive variety of creatures. Many of 
the insect species might restrict their larval stages for shorter period and may emerge 
as adults earlier than required due to the increase in temperature. So, predictable 
replies in hexapods might comprise an early payment in the judgment of larval as 
well as adult appearance with an upsurge in the duration of the flying time (Menéndez 
2007). Moths and butterflies are the finest illustrations of such seasonal changes. 
Roy and Sparks (2000) reported variations in lepidopteran phenology in United 
Kingdom, where in 26 of 35 insect have increased their primary presence. Harrington 
et al. (2007) described premature adult emergence and an initial influx of migrant 
species might similarly been described for aphid’s insect pests in the United 
Kingdom. The influences climate changes on four hexapod species like honey bee, 
butterfly, fly and beetle was examined in Mediterranean and specified that entire 
insect species showed variations in their initial arrival day for the preceding five 
decades, which was associated with upsurges in spring season temperature (Gordo 
and Sanz 2005).

The fluctuations in insect phenology might be deliberated over continuing 
researches by adjustable planting times for witnessing the arrival of insects on 
plants. Similarly, the effectiveness of influx of hexapods can also be documented by 
different lures like light, suction trap or pheromone trap. Examination of continuing 
information on seasonal variation would disclose variations in the judgments of 
insect pest arrival under the changing climate scenario (Pathak et al. 2012). Equally, 
enduring statistics from numerous insect pest recording systems in Europe and 
North America have given indication for species becoming active, drifting or repro-
ducing quicker in the year due to rises in temperatures that lead directly to aug-
mented development rates or earlier appearance from winter hibernation (Roy and 
Sparks 2000). Swelling temperatures have also acceptable a many insect of species 
to persist dynamic for a lengthier time throughout the year or to rise fecundity. The 
nodal agency ICAR through its All India Coordinated Rice Improvement Programme 
(AICRIP) have also extensive system of the collecting data from each center on 
insect light trap throughout the year. Investigation of past trap data compared with 
present facts can deliver significant evidence on the ill effects of changes in climate 
on paddy insect.

14.6.1.4  Increased Hibernating Existence

Being ectotherms, hexapods have restricted capability of self-regulation with out-
side changes in temperature. Bale and Hayward (2010) revealed that a variety of 
insect established ways such as interactive evasion over relocation and adaptations 
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in physiology like overwintering to back life span under thermally traumatic situa-
tions. The diapause is a deferred evolving period happening, the display of which is 
administered by ecological issues like relative humidity, photoperiod and tempera-
ture. The hibernation as an adaptive characteristic, plays vigorous role in periodic 
instruction of hexapod life cycles because of which the hexapod stake healthier 
benefit to live countless deal of ecological hardships. According to Chapman (1998), 
there are two key types of diapause in hexapods. One is aestivation and another is 
hibernation to with stand high and low temperature respectively during the life 
cycle. The researchers (IPCC 2007; IMD 2010) have revealed that increase in tem-
perature is happening highest at high latitudes particularly in winter season than in 
summer. Observing at the historical 10 decades weather outline of India, global 
heating was noticeable higher all through midwinter and it was the maximum tem-
perature not the least temperature where noteworthy upsurge was detected (IMD 
2010). Bale and Hayward (2010) thus observed the hexapods experiencing hiberna-
tion are expected to practice the utmost noteworthy variations in their thermal 
situation.

The diapause time of insects might be increased at higher temperature and due to 
high metabolism leads to quicker exhaustion of deposited food capitals (Hahn and 
Denlinger 2007). Increase in temperature in cold season might lead to postpone-
ment in beginning and initial summer might lead to quicker relieving from diapause 
in hexapods, which can then recommence their energetic development and expan-
sion (Harrington et al. 2001).

14.6.1.5  Increase in Number of Generations

Yamamura and Kiritani (1998) observed that with a temperature rise 2 °C, hexapods 
may have the capacity to increase life cycles to the tune of one to five per year 
supplementary to the existing. Some insects advance additional quickly through 
ages of period with appropriate temperatures. Augmented temperatures will quicken 
the growth of these kinds of hexapods may be ensuing in additional cycles per year 
(Awmack et al. 1997).

Yamamura and Kiritani (1998); Petzoldt and Seamann (2010) observed that the 
universal problem of global warming is within convinced promising range might 
hasten the rates of expansion, multiplication and existence in insect pests of tropical 
and subtropical regions. Thus, hexapods will be skilled of implementation a greater 
cycle within same period of time. Increase in temperature might reduce the inci-
dence of heavy cold measures, which may in turn enlarge the hibernating area for 
hexapods (Patterson et al. 1999).
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14.6.1.6  Introduction of Invasive Alien Species

The changes in climate can as well encourage introduction and establishment of the 
exotic insect species. Danger of introduction invasive alien hexapod species, upsurge 
with worldwide climate change. Dukes and Mooney (1999), IPCC (2007) revealed 
that for the biological incursions many reasons may exists and they are many-sided 
fluctuations in abiotic, biotic machineries of the atmosphere and are named as chief 
influencers of insect species assault. World agricultural trade globalization and lib-
eralization joined with the speedy transportation and communication means these 
days have considerably and reasonably increased the probabilities of exotic intro-
ductions. The CBD i.e., Convention on Biological Diversity, is of the view that 
introduction of new species is the utmost danger to damage of diversity of that 
biosphere (Mooney and Hobbs 2000) and levy huge prices to farming and marine 
ecologies by changing their local construction, variety and working (Timoney 2003; 
Sutherst 2000).

14.6.1.7  Outbreaks and Population Dynamics of Insect Pests

The population dynamics is the feature of population ecology dealing with aspects 
distressing changes in population concentrations. The seasonal effects of climate 
and enduring fluctuations in climatical circumstances resolve straightly paves way 
for alterations in spreading and expansion of hexapod pests. According to Bale and 
Hayward (2010) the fluctuations in neighboring temperature surely include modifi-
cations in voltinism, expansion speed and existence of hexapods and later turn upon 
size, compactness and hereditary alignment of inhabitants and also on the degree of 
plant manipulation.

According to IPCC (2007) it might lead in distressing environmental equilibrium 
since random deviations in the inhabitants of insects along with natural enemies like 
predators and parasitoids. Variations in climatic factors might lead to augmented 
occurrence and increase in strength of epidemics hexapod pests (Rao et al. 2009). 
Epidemic of sugarcane aphid Ceratovacuna lanigera in cane growing areas of 
Karnataka and Maharashtra during 2002–2003 lead to 30% crop decrease (Joshi 
and Viraktamath 2004; Srikanth 2007). These circumstances of augmented and 
recurrent nuisance to the plants have made additional giant hole in the bags of previ-
ously upset growers by enhancing the input charge of crop defense and plummeting 
the percentage of return.

14.6.1.8  Crop-Pest Exchanges

The capacity of a plant feeding hexapods to finish its growth hinge on the variation 
equally, the host plant and the ecological environments. The global change of cli-
mate has been initiated to apply both the effects from bottom to top and from top to 
bottom on the tri-tropic communications amongst host crops, hexapods and their 
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predators and parasitoids by the way of convinced biological variations particularly 
connected to host-suitability and dietary standing (Coviella and Trumble 1999; 
Gutierrez et  al. 2008). This has been observed in gypsy moth feeding on sugar 
maple and red maple which had condensed larval weight, augmented eating time 
and lengthy development (Williams et al. 2000). The big epidemics seen in develop-
ment parts on the novel host’s plants might be clarified whichever by the more vul-
nerability of the host’s plants or by the helplessness of predators and parasitoids to 
find the larvae of moth on a rare host (Battisti et al. 2006). Cleland et al. (2007) 
reported that photoperiod and temperature have remained to disturb intensely the 
serious measures viz., shoot extension, blossoming and fruit setting in the life 
sequence of plants.

14.6.1.9  Augmented Occurrence of Hexapod Vectored Diseases of Plant

Changes in climate might give way to increased occurrence of hexapods transmitted 
many plant viruses through host range extension and quicker production of hexapod 
vectors (Sharma et al. 2005; Petzoldt and Seamann 2010). Robert et al. (2000) in his 
findings reported that amplified temperatures, mostly in the initial season found to 
increase the frequency in potato due to initial establishment of aphids which con-
tains virus, as it is the chief potato viruses vector potato growing areas. Amplified 
concentrations of CO2, one of the more evaluated features of global warming is the 
consequence of swelling meditations of carbon dioxide on florae. Florae basically 
made up of carbon and raised carbon dioxide concentration permit them to produce 
additionally quickly as they might adapt carbon very fast.

14.7  Tactics to Alleviate the Bad Effects of Climate Change

Cultural practices in the field, predator and parasitoid, plant resistance mechanisms, 
insecticides of plant and animal origin and organic insecticides are now in existence 
which are extensively used for management of pest and disease. Though, most of 
the approaches of insect pest management are extremely delicate to the surrounding 
weather. So, keeping in mind the changes in climate there is need to plan the suit-
able pest’s management methods for effective control of pests and diseases.

• the plants existential struggle to hexapods is utmost the ecological approachable 
mechanism for the management. It is significant to categorize and advance in 
more varietal release which are steady in appearance of confrontation to the 
marked pests.

• Recently developed genetically modified plants have been governing around 
many of the stubborn insect pest infestations.
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• Crop modification is best approaches of growing the action profusion of preda-
tors and parasitoids. It is the requirement of the hour to progress plant varieties 
that are welcoming to the predators and parasitoids.

• It is also need of the hour to study and formulate the synthetic organic insecti-
cides based on the changing climatic factors which are most effective and least 
affecting the environment.

Lastly, there is a necessity to use the newer methodologies in pests’ management 
like IPM practices that look into deliberation the alteration in insect pest range, pat-
terns of florae and efficiency of diverse mechanisms of insect supervision for justifi-
able plant manufacture.

14.8  Conclusion

Hexapod has a marvelous influence on vegetable plants. The modification in cir-
cumstances of climate is a acknowledge threatening many for fruit and vegetable 
crops. Predictable changes in climate may also consequence in increasing the num-
ber of pesticide application as there will be increase in number of insect cycles per 
season. Evolutionary variations may ambiguous our capability to distinguish spe-
cies reply to global warming- consequently, insects retort contrarily to fluctuations 
in weather. As many communications mechanisms exists and it is very difficult to 
forecast the influence on insect pests due to changes in climate in the future. Existing 
stride of ecological modification stresses novel methods to hasten the acceptance of 
innovative IPM practices. Plant and insect pest controllers might have to develop 
‘nimbler’ in demand to manage with the quickening vitality of changes in climate.

It is an essential of the hour for policy makers in administration, business and 
other strategy architects to recognize the broader problems in upholding actual IPM 
systems in the aspect of modification and acknowledgement assumed to the kind of 
data desirable. Improved appraisal of existing hereditary capitals to recognize aus-
picious agreements for such insect is a decision for justifying harm by such devia-
tions in concentration of precise insect. There is a necessity to emphasis on 
calibration of insect control strategies for usage, in circumstance of altered climati-
cal situations. Specified the magnitude of the encounters we are facing to alleviate 
the influences of changes in climate, the period is accurate to strengthen goal slanted 
towards exploration within many disciplines in the direction to deliver the immedi-
ately required and lucrative practical answers for maintainable hexapod control. 
The greatest economic approach for crop cultivators to track is to use of IPM prac-
tices to carefully observe hexapods and viral incidence.
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Chapter 15
Emerging Diseases of Vegetables 
Due to Changing Climate

Erayya, Subhashish Sarkhel, Kalmesh Managanvi, Santosh Kumar, 
and Ayon Alipatra

Abstract Global climate has been adversely affected due to rapid increase in con-
centration of atmospheric greenhouse, increasing population, globalization, increas-
ing temperature, soil erosion, atmospheric pollution, deforestation, etc. The various 
human activities during past five decades is being the primary cause for the climate 
change. Global temperature is increasing by 0.8 °C during the past century and in 
the next century (2100) it is expected to be raise between 0.9 to 3.5 °C that is mainly 
due to increasing level of CO2. The changing climate may cause adverse effect on 
cultivation and production of agricultural crops and also on occurrence, severity and 
spread of plant diseases. Emerging crop diseases poses a serious threat to crop pro-
duction and productivity. The adaption potential of pest/ pathogen may be one of the 
key indicators of impact of climate change. Few crops’ diseases/ potential pathogen 
strains have led adverse changes in agricultural and horticultural cropping system. 
Emergence of new pathogen races has not only caused crop losses, but also have 
adverse effect on vegetable production. Many pathogens have also crossed national 
boundaries naturally or through the recent trade practices. Many viral diseases in 
vegetables, rise in bacterial and nematode diseases of vegetable crops and late blight 
of potato are some of the recent examples of occurrence of new epidemics. Suitable 
actions on research priorities to focus on quarantine pest/diseases and international 
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regulations may help to prevent the epidemics caused by plant pathogens. The 
review briefs about impact of climate change on occurrence and emergence of pest 
and diseases, emergence, dispersion/ spread and possible threats due to emergence 
of new strains pathogens, identification of priority research areas, and encourage-
ment of research works which should focus on quarantine pest/pathogens to address 
the problems and risks associated with the emergence of new pest and diseases.

Keywords CO2 · Climate change · Temperature · Greenhouse gases · Vegetable 
diseases

15.1  Introduction

Increasing global temperature and CO2 concentration and global temperatures indi-
cates the rise of temperature by 2–4  °C in the next 100 years. Extreme weather 
events such as Erratic rainfall, heat waves and drought like extreme weather events 
are likely become more common. Climate change will affect agriculture in many 
ways. Rise of temperatures in tropical areas may detrimental to crop cultivation and 
production. Crop production may not be possible in semi-arid areas of Asia and 
Africa due to extreme drought and heat. Concurrently, changes in climatic pattern 
may increase the risk of crop disease epidemics which may cause heavy crop losses. 
Vegetables are usually succulent and sensitive plants therefore, severely affected by 
minor changes in the climate (Solankey et al. 2021).

Vegetables are rich in carbohydrate, vitamins and protein. Vegetable cultivation 
is highly profitable and provides more job per acre to the farmers with than any 
other crops. India stands second in vegetables vegetable production. Since, vegeta-
bles crops are more sensitive to environmental factors like temperature rainfall, 
humidity, leaf wetness period etc. During the recent years drastic increase in the 
volume of literature on impact of changing climate on diseases of vegetable crops 
(Pautasso et al. 2011). Many recent references indicate the chances of emergence of 
many new pathogen strains and frequent occurrence of epidemics. The present 
review briefs the challenges of agricultural research to respond to changing climate 
scenario and also warns the uncertainties associated with emerging plant diseases, 
heavy crop losses and threats to future vegetable production (Chakraborty and 
Newton 2011). There is much more need of research and funding emerging strains 
of pathogens and occurrence of new crop diseases. Decades of studies have been 
generated greater understanding of the uncertainties of humidity, rainfall and tem-
perature and their effect on diseases of major crops. However, data on long-term 
effect of climate change on crop disease are still limited. Many studies also indi-
cates that plant disease responses differently to changing climatic parameters 
(Eastburn et  al. 2011). The impact of changing climate on any host-parasite 
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interaction may not be readily predictable. Another uncertainty is the limitation of 
multiple- climate- change weather parameters, as these parameters may interact sig-
nificantly and exhibits varying impact on crop diseases. Many parameters determine 
plant- pathogen interaction under a varying climatic condition, their interactions and 
feed- back loops raise the issue of uncertainties to predict this complex system 
(Garrett et al. 2011). There is a need to develop models which predicts the uncer-
tainties of plant pathogen interactions under changing climate scenario. Climate 
change has been causing direct and indirect implications on disease incidence, 
severity, spread, epidemics and special and temporal distribution of vegetable dis-
eases (Burdon and Zhon 2020).

A recent study in Europe on wheat rust illustrates the uncertainty of leaf rust 
caused by Puccinia triticina. The model is based on scenarios of leaf wetness and 
temperature and predicted onset of disease is one month earlier, because of raise in 
temperature during last five decades (Caubel et al. 2017). Heer (2014) in another 
study on wheat leaf rust reported that rise in temperature had a positive with the 
fungus’ survival based on leaf wetness and humidity. However, increased oxygen 
levels had a negative relationship while the effect of increased carbon dioxide con-
centration varied in susceptible cultivars. It is very difficult to predict wheat rust if, 
the parameters viz., leaf wetness, carbon dioxide, temperature, and oxygen in the 
model, it would be difficult to predict the severity of wheat leaf rust. However, well- 
developed models are limited to few major food crops and certain plant disease 
(Newbery et al. 2016). Most of the models of crop diseases under climate change 
scenario are focused on major crops like rice and wheat. Effects of parameters of 
climate change on vegetable diseases of root crops and tubers, oil seeds, legume 
crops have been neglected. Sweet potato, cassava, cowpea and beans are staple food 
of poor people in under developed countries. Under developed countries more likely 
to face the negative impact of changing climate earlier than people of developed 
countries. There is a need of research on these minor crops and their diseases. Most 
important parameters responsible for rapid outbreak of crop diseases are globaliza-
tion of trade, inadequate quarantine measures, uniform genetic background of major 
crops, emergence of new pathogen races, intensive agriculture practices and chang-
ing and conducive weather parameters. Outbreak of coffee rust in Colambia was 
attributed to change in climatic conditions (Bebber et  al. 2016). In the past five 
decades, the progress of innovations in agriculture improved breeding methods and 
integrated crop management modules have increased vegetable production to meet 
the needs of growing population in spite of the emerging threats from new races/ 
strains of plant pathogens.

During recent days crop disease models become more popular and are success-
fully integrated in the disease management tactics (Donatelli et al. 2017). Prediction 
of impacts of changing climatic parameters on plant diseases have been becoming 
more accurate due to advanced prediction modules. The future research should 
focus on development of novel crop management strategies to address the adverse 
effect of climate change on plant diseases and to mitigate the threats on future pro-
duction of agricultural outputs.
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Impact of climate change is very significant on diseases of vegetable crops. 
Multiple implications on crop disease epidemiology, survival of inoculum, rate of 
progress of disease and duration of epidemic are expected due to changing climatic 
scenario. Changes in the spectra of various crop diseases are also being anticipated. 
Abiotic stresses associated with the extremes of environmental conditions may also 
predict to increase, and interactions between the abiotic and biotic stresses due cli-
mate climatic extremes might cause significant damage to vegetable production. 
Plant breeding and genetic engineering techniques are expected to improve drought 
and other stress tolerance attributes of crops. There is a lot of scope for introduction 
of new varieties and cultivars, but more effective technologies are required to detect 
new pathogens races. Due to perennial nature of forest trees and fruit crops adaption 
of new technologies for pest and disease problems which arising from extremities in 
weather parameters is very slow. Adaptations in agricultural practices/ forest con-
servation have been occurring over the decades, but it should be accelerated because 
of drastic change in climatic parameters.

The consequences of climate-change have been led to increased attention; there 
is increased concern over the adverse effects of high temperature associated with 
higher concentration of carbon di-oxide (CO2) in the atmosphere. There is a 30% 
rise in the CO2 level since the mid of nineteenth century (Barnola et  al. 1995). 
Winter temperature is expected to increase than in summer months, increase in 
frost-free days in northern latitude compared to southern, increase in minimum tem-
peratures, changes in rainfall patterns and reoccurrence of extreme weather events. 
The extreme climatic parameters include high and fluctuating temperatures, severe 
wind, severe drought, ice storms, and rain/hail storms. Precipitation may increase 
due to increased evapo-transpiration caused by high temperatures. Plant health 
should be a rationale because of our environmental and economic reliance on agri-
cultural and horticultural crops. Agriculture and horticulture being a major sector of 
world economy, a keen attention has been required on effects of changing climate 
on crop health and food production.

Agriculture and forest crop plants are well adapted to typical climatic parame-
ters, but highly prune to extreme climatic conditions. Change in annual mean tem-
perature of 1 to 2 °C is rarely considered as problem. But, even very small change 
in value of mean involves a change in the magnitude and frequency of extreme cli-
matic conditions. For example, severe drought has a probability of occurrence is 
once in every 30 years, may change to once in four-to-five-year event (Smit 2000). 
Changes in long term climatic parameters, or shifts in extreme weather conditions, 
may result in adverse impact on crop pest and diseases (Smit and Brklacich 1992). 
Agricultural crops may expect to benefit from elevated CO2 levels and warm tem-
perature in the atmosphere. Meanwhile the crops might be stressed by drought and 
extreme weather parameters. Stressed plants/ crops are often more vulnerable to 
pest and diseases. The influence may be positive or negative, depending on the 
parameters that require to cause infection/disease. Climate change that occurs in 
relatively short period may lead to serious consequences on forest health due to 
perennial nature of trees.
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Warm/ drier climate conditions can affect forest trees directly (Colombo and 
Buse 1998). Indirect impacts on forest distribution patterns are possibly even more 
than the direct impact. In case of biotic disturbances, effect of climate change on 
insect population density and distribution and associated damage on forest trees are 
the kay factors to be considered (Volney and Fleming 2000; Harrington et al. 2001). 
Many diseases in response to biotic and abiotic stresses, which make plants more 
vulnerable to infection. In forests, diseases also interact with abiotic stresses and 
insect pests which result in declines of forest (Manion and Lachance 1992). Most 
important environmental parameters which play key role in occurrence of plant dis-
ease epidemics are moisture and temperature (Agrios 1997). In temperate climate, 
the most of plant pathogens are in inactive state during the winter due to low tem-
peratures. While, some pathogen/ diseases are favored by low temperature, and 
some diseases are favored by higher temperature.

15.2  Effect of Changing Climate on Soil Flora and Fauna

Increased carbon dioxide (CO2) concentration in the atmosphere has major conse-
quences on functioning of various ecosystems and carbon cycling. Deposition level 
of Nitrogen, temperature and concentration of CO2 are major parameters influenc-
ing soil microbial population and microbial communities (Garrett et  al. 2006). 
Short-term and long-term changes in the abiotic factors not only affect plant growth 
and crop productivity, but also affect the the microbial population of the habitat. 
Any change in rhizosphere and phyllosphere microflora and fauna, affects growth of 
the plants and ability of plant to tolerate aggressive strains of pathogens.

15.3  Effect of Climate Change on Geographical Distribution 
of Vegetable Diseases

Pole ward shift of agroclimatic zones occurs as temperature increases due to which 
many plant pathogens will move to new geographic regions, where they may come 
in contact with new potential/susceptible hosts. Facultative parasites having wide 
host range would mostly come under this group (Savile and Urban 1982). 
Chakraborty et al. (1999) reported that more aggressive races of plant pathogens 
having wide host range like Sclerotinia, Sclerotium, Rhizoctonia, and other necro-
trophic fungus can able to migrate from natural crop habitat to vegetable crop habi-
tat. Increasing temperature resulting in rise of bacterial and viral diseases of 
vegetable crops.

Boag et  al. (1991) quoted the examples of plant parasitic nematodes viz., 
Longidorus and Xiphinema. According to them, the distribution of Longidorus and 
Xiphinema is directly correlated to July month soil surface temperature. Another 
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study on climate change in Finland, Carter et al. (1996) revealed that cereals crop-
ping area will expand by 2050 due to global warming. Increased CO2 concentration 
would lead to higher crop yields. Robinet et al. (2011) reported that warmer tem-
perature leads to increase in transmission rate of invasive plant pathogens. Changing 
climatic parameters have significant influence on distribution and growth of differ-
ent plant populations (Coakley et al. 1999).

15.4  Implications of Changing Climate on Diseases 
of Vegetable Crops

Climate change causes significant impact on crop diseases. Changing scenario of 
temperature, ozone, rainfall, carbon dioxide and ultraviolet (UV) radiations influ-
ences vegetable crop pest/ diseases (Coakley et al. 1999; Harvell et al. 2002). Effects 
of changing climatic factors on plant diseases are intuitive to scientists, but predic-
tion of their ill effects on crop diseases needs much knowledge about the environ-
mental factors and their effect on physiology/biology of host and host-parasite 
interactions. Therefore, much studies are needed on effects of increasing tempera-
ture, increased CO2, UV radiation and atmospheric ozone on crop diseases and 
insect vector populations. Warmer temperature affects cell to cell movement, gene 
expression of virus and host responses in case of viral diseases (Amari et al. 2021).

Concentration of atmospheric CO2 is projected to increase (355  ppm (v/v) to 
710 ppm) by the end of 2050 AD (Manning and Tiedemann 1995). Higher concen-
tration of CO2 will cause increased biomass of plant due to rapid increase in photo-
synthesis. Increase in CO2 concentration may probably have little effect on some 
pathogens. Many soil-borne pathogens can able to tolerate more than 10–20-fold 
increases in concentration of CO2 in the atmosphere, and are slightly stimulated by 
the elevated CO2 levels (Manning and Tiedemann 1995). Effect of increased level of 
CO2 on plant pathogens may be due to change in physiology and anatomy of host 
like more accumulation of carbohydrates, reduced concentration of nutrients, more 
synthesis of waxes, changes in epidermal cells and increase in fiber content, and 
increase in number of mesophyll cells (Chakraborty et al. 1998). Many references 
are available on slow decomposition of organic matter at higher concentration of 
CO2 (Coakley et al. 1999). Increased biomass, slow decomposition, and increased 
survival rate of pathogens due to mild winters may result in increased load of pri-
mary inoculum to infect crop plants. Two common types of trends have been 
emerged on the effect increased concentration of CO2 on host-pathogen interaction/s; 
(i) establishment of pathogen at initial stage may delayed due to modification/
change in aggressiveness of pathogen (or) susceptibility of host, (ii) increase in 
fecundity of plant pathogens. The combination of more humid microclimate and 
increased fecundity of pathogen within dense canopy of crop/s associated with 
increased concentrations of CO2 may become pre disposing factor for severe 
infection.

Erayya et al.



329

Paul et al. (1998) reported that any variation in the intensity of Ultraviolet (UV) 
radiations resulted in depletion of the ozone layer, it had not received much atten-
tion in relation to crop diseases. UV light stimulates sporogenesis in fungal plant 
pathogens. It can also reduce viability of fungal spores during survival and dispersal 
of spores. Increase in UVB-radiations enhances sporulation in fungi, but normal 
day light also contains UV radiation which stimulate sporulation in light-dependent 
fungal pathogens (Manning and Tiedemann 1995). Ozone concentration during 
summer is increased at the rate of 0.5% every year since 1980 to 1998, even rural 
areas often experiencing the great increase on ozone concentration. Previously, it 
was thought that higher concentration of ozone did not coincides with weather 
parameters which are suitable to cause infection by fungal/bacterial pathogens, 
thus, implied minimum risk. But now it is well known that ozone induces metabolic 
activities in plants which may persist in crop plants for few days to over sev-
eral months.

Insects acts as a vector for many crop diseases, and the potential impact of cli-
mate change on insect pests of agricultural crops has been studied by Porter et al. 
(1991). He reported that temperature is one of the most important climatic param-
eters which affects insect population. Temperature extremes (very low) could 
greatly increase insect mortality, while warm winters can increase the survival abil-
ity of many over-wintering insect species, and also allow changes in prevalence and 
distribution. High temperatures during summer and spring results in rapid develop-
ment rates results in more increase of insect populations (Porter et  al. 1991). 
Increases in demand for food grains as a result of plant disease epidemics due to 
extreme weather conditions resulted due to increase in development rates of pest 
populations (Rhoades 1985). Most likely the pest outbreaks occur with stressed 
plants due to reduced immunity of host plant. Non-linear climate change resulted in 
5.5 percentage point decline of crop diseases in arid climate and 6/8 percentage 
point increase in plant disease in temperate regions (Joan Dudney et al. 2021).

15.4.1  Impact of Climate Change on Fungal diseases 
of Vegetable Crops

The major soil-borne fungi include Fusarium, Pythium, Sclerotium, Sclerotinia, 
Botrytis, Rhizoctonia, Verticillium and Phytophthora. Over wintering/ over sum-
mering spores produced by these fungi can persist and survive in soil for years. 
Therefore, warm winter and low soil moisture could be expected with changing 
climatic scenario which expected to have minimum implication on survival of these 
fungi. Soil invader fungi over winters in/ on infected plant tissues in perennial plants 
and on crop debris in annual crops. This group of fungi include Colletotrichum, 
Cercospora, Venturia, Phomopsis, Alternaria and Septoria species. Warmer winters 
could increase survival ability of these fungal pathogens. Some introduced fungal 
pathogens cannot able to survive during winters in soil, and their source of initial 
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inoculum for such fungi comes from infected seed/planting material or air-borne 
conidia. This group of fungi include rusts, downy mildews etc. Mild winter months 
may allow overwintering of some such fungal pathogens. Early migration of spores’ 
results in early infection, therefore longer epidemics may occur. Polycyclic diseases 
are much affected by changing climatic scenario than monocyclic diseases. In poly-
cyclic diseases caused by Phytophthora, Peronospora, Colletotrichum etc. every 
disease cycle allows inoculum to multiplies many times in a compounding rate. 
Therefore, increased duration of the crop growing season expected to increase num-
ber of pathogen generation and diseases cycle. Meanwhile, monocyclic diseases 
like root rots, smuts and vascular wilts will become more severe due to severe 
drought conditions. Moisture, in the form of precipitation, humidity, dew, fog etc. is 
one of the most critical parameters which influences development of epidemics 
caused by plant pathogens. High moisture levels in the atmosphere and soil, and 
rain splashes stimulate the disease development, fungal sporulation, facilitate spore 
detachment and dissemination, and spore germination (Agrios 1997). Prolonged 
exposer of host to high moisture conditions may results in occurrence/development 
of epidemics. Particular Fungus can grow at particular range of temperatures. But 
activity may be highest at optimum temperature range. Whenever optimum tem-
peratures and adequate moisture is prevalent, polycyclic pathogens can grow rap-
idly and completes their life cycle very quickly (within few days). Present scenario 
of changing climatic conditions of warm and dry summer months, crop diseases 
caused by fungal pathogens might expected to be decreased. Thus, disease progress 
expected to be in slower rate during warm and dry summers.

For polycyclic diseases there will be reduction in number of disease and a slow 
development of monocyclic diseases may result in decreased primary/initial inocu-
lum for the next cropping season. In contrast, few fungal disease of crop plants such 
viz., Sphaerotheca, Fusarium, sclerotioum, Podosphaera, Uncinula etc. can thrive 
well in warm and dry weather conditions (Trigiano et al. 2004) and such diseases 
will increase and may cause epidemics in future under the changing climatic 
scenarios.

In case of forest diseases, many native microflora and fauna may cause damage 
in large area. Root rots caused by Armillaria spp., canker and decay fungi are 
belongs to this category. Drier and warmer climatic conditions can reduce the inci-
dence/severity of diseases like white pine blister rust which needs cool and wet 
conditions for causing infection and disease development (Marosy et  al. 1989). 
Root rot caused by Heterobasidion annosum will increase under warm and dry cli-
matic conditions, and it will be restricted within a range of cooler climatic condi-
tions. Facultative plant pathogens like Armillaria spp., Verticillium spp. and pine 
wood nematode (Bursaphelenchus xylophilus) would be benefitted under drought 
stress conditions (Schoeneweiss 1975). Frequent occurrence of ice/hail and wind 
storms will increase the vulnerability of forests to diseases and lead to mortality 
and decay.
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15.4.2  Impact of Climate Change on Bacterial Diseases 
of Vegetable Crops

On perennial plants, bacteria, Erwinia amylovora (on apple) overwinter / over sum-
mer in infected plant tissues, this primary inoculum is spread from plant to plant 
during subsequent season. On annual crops, bacteria like Pseudomonas syringae pv. 
Phaseolicola survives in/on the crop debris in soil. Vector-borne bacterial diseases 
like Erwinia sp. survives in insect vectors, and these vectors act as primary inocu-
lum for the next growing season. Some introduced bacterial plant pathogens such as 
Xanthomonas campestris pv. Vesicatoria and Pseudomonas syringae pv. Tomato, 
can survive in/on infected seed/planting material, crop debris in soil and weeds. 
Short and mild winters have a very limited impact on these pathogens. However, 
growth and multiplication of vector-borne bacterial diseases will increase. Plenty of 
water/moisture enhances multiplication and dissemination of bacterial pathogens. 
Under wet and humid climatic conditions, infected crop tissues exude masses of 
bacterial ooze which spread to other healthy hosts through irrigation/rain water and 
insects. Hence, the warm and dry summers expected due to climate change could 
reduce bacterial diseases in vegetable crops. Bacteria enters into their host plant 
through natural openings and wounds (Agrios 1997; Trigiano et al. 2004), thus the 
expected increase in intensity and frequency of summer storms and heat waves with 
high wind velocity, rainfall, and hail storm will increase wounding of plant tissues 
and increased moisture will facilitate the spread of bacteria. Bacterial wilt of vege-
tables has been causing epidemics in many parts of the world due to increasing 
winter and summer temperatures.

15.4.3  Impact Climate Change on Viral Diseases 
of Vegetable Crops

Amount of inoculum of viruses is greatly influenced by survival of virus in its hosts 
(alternate, main host, volunteer plants vectors, planting material) during winter. 
Mode of transmission by vector also influence the virus diseases significantly. If, 
vector transmits the virus persistent manner the chances of epidemics are more. 
Rate of accumulation, accumulation feeding period, transmission feeding periods 
also influence the diseases development (Irwin et al. 2000). Most of the viral dis-
eases are favored by the higher temperature which is the result of climate change 
(Wu et al. 1993). In recent years, many new virus diseases are evolving frequently 
and causing considerable crop losses in terms of quality and quantity. Aphids’ popu-
lation is expected to be increased due to mild winter temperatures which favors 
growth and multiplication rates of viruses leading to more disease incidence and 
severity (Alonso-Prados et al. 2003). Mild winter months also influence survival 
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ability of weed hosts. Increases in intensity and frequency of summer storms and 
high rainfall, wind velocity, rain, hailstorm increases the chances of wounding of 
plants and results in increased transmission rate of viruses. Hence, the climate 
change has the positive correlation with viral diseases of vegetable crops. Increase 
in insect vector population and their early appearance due to increase in winter tem-
perature resulted in more and more epidemics of viral diseases in sugarbeet 
and potato.

15.4.4  Impact of Climate Change on Nematode Diseases 
of Vegetable Crops

Under optimum environmental conditions nematode takes 2–4 weeks to complete 
its life cycle. Temperature greatly influences nematode population in the soil. Cooler 
soil temperatures slow down the nematode growth and development. Viability of 
eggs of root knot nematode decreases under warm winter months. Increasing tem-
perature due to climate change might increase the nematode development and thus 
results in increase in number of generations per season/year. Dry conditions also 
cause water stress in host plants infected with nematode. Changing climatic condi-
tions thus enhances the nematode disease incidence and severity in crops. Increasing 
global temperature has been resulted in shortening of life cycle of plant pathogenic 
nematodes and thus contributing to rise in incidence and severity of root knot nema-
tode in many vegetable crops.

15.4.5  Impact on Climate Change on Phytoplasma Diseases 
of Vegetable Crops

Primary source of inoculum of phytoplasma is overwintering of phytoplasma in the 
host plants (Agrios 1997). By feeding on infected plants leaf hoppers acquires phy-
toplasma and when they feed on healthy plant, they transmit phytoplasma. Mild 
winters helps the phytoplasma to survive in infected perennial weed hosts and also 
in insect vectors. Hot summer months and high temperature favors the development 
and multiplication rate of phytoplasma cells. Thus, climate change expected to 
increase the threat of epidemics of phytoplasma diseases like little leaf of brinjal in 
vegetable crops. Leaf hoppers population has been highly favored by mild winters 
and hot summer months which lead to increase in incidence of little leaf of brinjal.
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15.4.6  Impact of Changing Climate on Abiotic Diseases 
and Disease Complexes in Vegetables

Abiotic plant diseases are due to non-infectious factors or abiotic factors like tem-
perature extremes, extreme rainfall, soil moisture extremes, nutrient deficiency, 
drought conditions and air pollutants (Agrios 1997; Trigiano et  al. 2004). Some 
week pathogens like Alternaria spp. (saprogens) cause infection on stressed crop 
(Manion and Lachance 1992). Due to climate change, chances of new combinations 
of host-stress-pathogen increased in forest trees. In temperate regions, stressed 
plants often more vulnerable to freezing injury during winter season. Vegetable dis-
eases associated with biotic and abiotic stress complex are unique and critical area 
of consideration to assess the impact of changing climate on crop diseases (Millers 
et al. 1989). In Northern Hemisphere the onset of crown die-back in 1925, 1937, and 
1981 is a best example to the relationship between changing climate and crop dis-
eases (Auclair et al. 1992). Root knot nematode + Fusarium wilt complex and Root 
knot nematode +Pseudomonas wilt complex diseases of tomato and cucurbits are 
being emerging as a great importance due to change in rainfall pattern, shift in mon-
soon rains and increasing atmospheric temperatures.

15.4.7  Impact of Changing Climate on Historical Emerging 
Diseases of Vegetables

An emerging disease is a newly identified /recognized disease which appeared in a 
location and could develop very fast in terms of incidence and severity (Daszak and 
Hyatt 2003). If left it unchecked in its early stage, it could result in severe epidemic 
proportions. Introduction of highly hazardous plant pathogen to a new area exhibits 
higher risk of food production and security (Strange and Scott 2005). Plant disease 
epidemics leads to hunger and suffering of human beings. Lete blight of potato 
(Phytophthora infestans (Mont.) de Bary) is a one such devastating plant disease 
caused death and migration of millions of people of Irland (Agrios 2005). Similarly, 
brown spot of rice is another epidemic caused by Cochliobolus miyabeanus which 
was badly affected West Bengal in 1945 (Padmanabhan 1973). Monoculturing and 
favorable environmental parameters, facilitates the occurrence of plant disease epi-
demics which might result in human deaths and migration due to starvation and 
crop losses (Strange and Scott 2005). Co-volution of host and pathogens presum-
ably results in new race/s emergence. New plant species have been constantly intro-
ducing to different countries/ locations, and grown as monoculture. Varieties are 
being selected based on their productivity, without considering susceptibility to 
new/major plant pathogens. The favorable environmental conditions act as pre dis-
posing factor for development of new plant disease emergence and development of 
epidemics (Oliver and Solomon 2008). Disease epidemic is a cumulative effect of 
host and pathogen interactions. Soil microflora and fauna also affect the 
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host- pathogen interaction. The implications of changing climate vary with different 
host- pathogen systems. Due to adverse climatic changes/conditions crop plants 
need higher application rates of pesticide, thus maximizing input cost of farmers 
and also increasing the chances of resistance development to fungicides because of 
heavy dose of application (Juroszek and von Tiedemann 2011). Vegetable crops are 
more flexible in its adoption and cultural practices as compared to horticultural 
crops. Persistence of agro-chemicals is highly dependent on weather parameters in 
the rhizosphere and phyllosphere. The efficacy of chemicals also depends on inten-
sity, frequency and duration of precipitation. Temperature has direct correlation 
with degradation of pesticides, physiology of plant; indirectly affects the penetra-
tion, persistence, translocation and modes of action of pesticides (Coakley 
et al. 1999).

15.5  Mitigation of Effects of Climate Change on Diseases 
of Vegetables

In recent years, development of extreme weather parameters like droughts, hurri-
canes, ice storms, severe floods have been reported from globally and locally which 
are due to changing climatic conditions. Recently, Standing Committee on 
Agriculture and Forestry prepared the report i.e., ‘Climate Change: We Are at Risk’ 
in which they revealed about the influence of changing climate on agriculture/ for-
estry and rural population. Due to rapid climate change, there is an acceleration in 
cultivation of new crops and cultivars. The adaptation of cultivars of vegetable and 
fruit crops in particular geographical locations and soil is co-established over many 
decades. But, during present scenario the cultivars or varieties which performs bet-
ter across various locations and environmental conditions are being used for com-
mercial cultivation. Such adaptation of appropriate crop genotypes is very successful 
for several years and is this practice of selection of adapted cultivars is being con-
tinued under expected changing climate scenario. But the concern is, whether this 
practice is effective under extreme and erratic weather events which are predicted 
with rapid changing scenario of climate. Emphasis should be given for breeding 
crop plants for stress tolerance (drought/ flood/ extreme temperature events etc.). 
Tolerance of crop plants to stress conditions might result in production of healthy 
crop/s with higher yields. Advanced techniques that can enhance development of 
host plant tolerance/ resistance to various biotic/ abiotic diseases are the key strate-
gies to facilitate such adaptation.

Drastic changes in climatic parameters in relatively short period of time is 
expected to be accompany with the emergence and introduction of new pest and 
diseases of vegetable crops. It is also important to develop adequate and efficient 
diagnostic tools /technical staff/ skills to develop to mitigate the uncertainties which 
may occur due to climate change. McKenney et  al. (2003) explained about the 
changes in rainfall pattern and temperature to predict the risk of dissemination and 
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distribution of new pest and diseases, and such models might contribute to assess 
the risk of climate change and distribution and spread of vegetable diseases. Extreme 
drought conditions may result in increased use of irrigation. There is need to develop 
technologies for efficient utilization of water resources in arid regions. Advanced 
irrigation systems (drip irrigation) also contribute to reduce humidity and leaf wet-
ness in the cropping system which in turn help to overcome many foliar diseases. 
Due to perennial nature of fruit trees its highly necessary to consider the impacts of 
climate change. Therefore, critical consideration is necessary while selecting plant 
species, breeding method, selection of geographical area and management prac-
tices. Viral diseases like mosaic and leaf curl become more common and extensive 
due to the predisposing factors like drought stress and warmer winter temperatures. 
Drought stress affecting areas could not be selected for raising commercial vegeta-
ble crops like tomato, chilli, potato, brinjal etc. Commercially cultivated vegetable 
crops are mostly belonging to annuals and short duration. Therefore, appropriate 
selection of varieties/cultivars and agronomic package of practices will play a vital 
role to mitigate the adverse effects of changing climate on vegetable diseases. 
Undoubtedly over the period of time, there will be big changes might occur in the 
cropping system, has occurred during past few decades. However, it is expected the 
accelerated changes in cultivation practices due to changing climatic patterns.

The continuous efforts from plant breeders, agronomists, entomologists, plant 
pathologists and plant biotechnologists are very essential for success production of 
vegetable crops. With the changing scenario of climate, it become necessary to 
develop suitable crop improvement and management strategies through pest risk 
analysis, crop improvement and management tools and techniques. Climate change 
will be predicted to occur very rapidly than ever seen before, therefore the research 
strategies developed must meet the future challenges. Actions to overcome the pest/
disease epidemic situations and efforts to reduce the threats by developing and 
implementing regulatory strategies to prevent the epidemics caused by plant patho-
gens with high potential to cause crop losses. Many International and National orga-
nizations to provide information regarding probable climate changes and their 
impacts and also the mitigation measures among governments, scientists, farmers 
and public are very crucial to reduce the risk of emerging plant pathogens.

Sanitary and Phytosanitary measure are regulations worldwide to combat emerg-
ing and introduced pests which affect vegetable production. Quarantine measures 
are the example for prevention of movement of pest and diseases to country/state 
where the pest/disease not known to be existed. Quarantine measures also delays 
introduction of pest/pathogens into new area through pest rick analysis and regula-
tory measures. International quarantine measures, prevent the spread of exotic pest 
and diseases. While, domestic quarantine reduces the spread of new pest and dis-
eases from one state to another, and also control disease that already introduced in 
few areas of the country. Phytosanitary measures also include surveillance at air- 
ports, sea ports and borders by trained persons to locate seeds, vegetables, fruits and 
any other plant materials. Such programs have been found very successful to stop 
the spread of pest and diseases from other countries. In spite of such regulatory 
measures, plant pathogens manage to spread to new crop areas via humans, insect 
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vectors and other climatic factors. It is the responsibility of researchers to focus on 
risks associated with climate change on vegetable crops and collaborations to for-
mulate policies, designing of phyto-sanitary guidelines and development of suitable 
and rapid diagnostic protocols which could strengthen government policies. 
Diagnostic protocols play vital role in accurate diagnosis of crop diseases. 
Traditional methods coupled with advanced molecular and serological methods will 
facilitate the rapid detection of new plant pathogens or their variants (Phillips 
et al. 2013).

15.6  Crop Protection Strategies Under Changing 
Climatic Scenario

Changing climatic parameters can even having the implications on efficacy of fun-
gicides applied to manage the crop diseases. Efficacy of agro-chemicals may also 
affect due to change in onset, intensity and duration of rainfall. High and heavy 
rainfall pattern may also wash-off the fungicides applied on the crop plants. 
Temperature influences on pesticide degradation and also influence on physiology 
and morphology of plants thus affecting penetration, translocation and efficacy of 
pesticide/s (Elad and Pertot 2014).

Increase in thickness of cuticular wax on leaf surface causes slow uptake of fun-
gicides by the host plant. Dense crop canopy due to increased CO2 can affect the 
penetration of systemic fungicides, its translocation within the plant system and 
mechanism of inhibition of pathogen (Bowes 1993). Plant surface roughness and 
wax layer on the cuticle have a negative correlation with retention of fungicides 
(Hunsche et al. 2006). Increase in canopy size might have a negative relation with 
spray coverage and which may also lead to dilution of active ingredients in the fun-
gicide formulation. In case of biological control of plant disease is concerned mini-
mum work has been done on effect of climate change. Few reports suggests that 
increased concentration of CO2 decreases nitrogen levels and nitrogen availability 
in soil. A few studies suggested that high temperature and low humidity increases 
the efficiency of Trichoderma harzianum in soil (Elad et al. 1993). Due to variabil-
ity in interaction among soil microorganisms, it is very difficult to simulate implica-
tion of changing climatic parameters on plant disease in suppressive soils (Davelos 
et al. 2004). Climate change may have positive or negative implications on vegeta-
ble diseases. Regularly evaluated/tested disease management strategies are needed 
to be incorporation against diseases under changing climate conditions. Many simu-
lation modules are also developed against some major diseases of vegetable crops. 
Todays need is to collaborate of all the relevant disciplines together for mitigation 
of this global issue. More and more rational and holistic approaches are need to be 
developed to overcome the impact of climate change on diseases of vegetable crops.
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15.7  Conclusion

Limited research has been done on impact of changing climate on vegetable crop 
diseases under and also on management of crop diseases under changing climatic 
scenario. However, limited reports are available for few countries, states, locations, 
crop/s and particular diseases which are concern with food safety and security. 
Emphasis to be shifted from assessment of impact to development of adaptation and 
mitigation strategies. Efficacy of new disease management tactics, including 
disease- resistant or tolerant cultivars to be evaluated under changing climate sce-
nario and also include climate scenarios in future research works which aimed to 
develop new pest management tactics. Pest risk analyses should be performed based 
on host-pathogen interaction/s to understand the effect of imminent changes in cli-
matic parameters.

Exotic crop pest and diseases causes huge losses in vegetable and fruit crops. 
Due to international trade and commerce many exotic diseases spreading quickly to 
the areas where they were not a problem in the past. It’s a need to stay prepared to 
combat the introduced and exotic pest and diseases in case of their entry into a new 
geographic area or to new cropping system. Pest risk assessment and developing 
strategies to combat exotic pest/ diseases is gaining much scope at federal as well as 
state levels. Preparation of research design/ models on these emerging diseases 
before the entry into new area, funding and involvement of administrators and pol-
icy makers might help in reducing the impact of exotic pest/ diseases. This may be 
the result of climate change, intensification of particular cultivars, cropping patterns 
which exerts pressure on pest population. It indicates the importance to undertake 
frequent and continuous studies on a particular individual disease/s, even for the 
diseases which are of minor importance in at present scenario. Particularly, the data 
on status of major strains/races of pathogens needs to be updated to identify the 
effective resistant genes for the prevailing strains/races of pathogens. Such studies 
are of great significance in designing strategies whenever the pathogen appears in 
its epidemic form. In addition, the advanced molecular and serological tools are 
needs to be utilized for the investigation of unanswered mysterious questions of 
host-parasite interaction.
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Chapter 16
Impact of Climate Change on Postharvest 
Quality of Vegetables

K. Prasad, S. K. Singh, Panchaal Bhattocharjee, Joy Rudrapaul, Udit Kumar, 
Sudheer Kumar Yadav, Shubham Maurya, and Araghya Mani

Abstract The postharvest value of vegetables depends on its quality at the time of 
harvest. This postharvest quality is attributed by synthesis of plant pigments such as 
chlorophylls, carotenoids, xanthophylls, bio active photochemical and complex car-
bohydrates. This process of pigments and carbohydrate synthesis occur through 
photosynthetic activity, which is intricately linked to the environmental/pre-harvest 
conditions (climate) during production and harvesting stage. There are several pre- 
harvest factors such as genetic and environmental which affect quality of vegeta-
bles. The climate at production stage is one of the major factors which affects the 
quantity and quality of produced vegetable. The changing climatic conditions such 
as elevated temperature, irregular rainfall pattern, elevated carbon dioxide concen-
tration, irregular weather event, salinity, draught, biotic stress etc. directly and indi-
rectly affects the vegetable quality by altering duration of maturation, respiration, 
transpiration, development of bio-chemical, flavour components and nutritional 
value etc. The alteration in postharvest quality due to changing climate may be both 
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positive or negative. This chapter put light on the influence of climate change and its 
triggering factors on growing conditions, quality, harvest maturity and nutritional 
value of vegetables.

Keywords Climate change · Pre-harvest factors · Postharvest quality · Vegetables

16.1  Introduction

Vegetables are rich in minerals, vitamins and dietary fibres which play a noteworthy 
role in individual’s diet, its consumption in recommended diet reduce the risk of 
many diseases, stroke, heart diseases and diabetes (Ali et al. 2017). In recent times, 
under changing climatic situation, crop production is facing several challenges 
these includes reducing yield, decline in postharvest quality and increasing insect 
and disease infestation (Moretti et  al. 2010; Nemeskéri and Helyes 2019; 
Leisner 2020).

The climate has changed numerous times, varying from the ice ages to the warm-
ing period. The rise in air temperatures has been reported over the last several 
decades and related impact on the cultivation of various food crops, including veg-
etables became well evident (Adams et al. 1990; Nemeskéri and Helyes 2019).

In developing countries vegetables are the main source of livelihood for most of 
communities because vegetables are loaded with several vitamins, carbohydrate, 
salts and proteins (Solankey et al. 2021). The production of vegetables and its qual-
ity perspective has been one of the significant divisions to be studied in terms of the 
potential impacts of climate change on the post-harvest quality due to its popularity 
and demand around the world (Moretti et al. 2010; Nemeskéri and Helyes 2019; Ali 
et al., 2020).Vegetable quality is influenced by many pre-harvest factors including 
the alterations in the growing climate components such as temperature, precipita-
tion, concentration of CO2, CH4, long-term water shortages, unsuitable soil condi-
tions, drought, desertification,solar radiation, ozone, and UV radiation etc. (Beverly 
et al. 1993; Ali et al. 2017; Leisner 2020; Ali et al. 2020).

Climatic components such as carbon dioxide (CO2) level in the atmosphere is 
increasing at faster rate than the previous years and no sooner may reach higher 
levels (Hansen et al. 2013). Similarly, temperatures throughout the globe have been 
increasing gradually from about last 40 years (Anderson 2013; Bales 2013), as it is 
estimated that at the end of twenty-first century, the raise in temperature will be by 
2.2 °C–3.7 °C and the concentration of carbon dioxide will be 420–935 ppm. Due 
to increase in temperature and raise in CO2 levels have direct influence on the length 
and intensity of drought on global level could be observed. In addition to that there 
might be alteration of rainfall in dry and wet regions, and between wet and dry sea-
sons in different parts of globe (Medellin-Azuara et  al. 2011; Deschenes and 
Greenstone 2012; Leisner 2020).
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It is critical to crucial to understand how climatic changes affect the post-harvest 
handling, storage, and quality of the commodities. It is well knowledge that various 
environmental conditions during the preharvest stages significantly affect and 
change the postharvest physiology and associated quality features of many edible 
plant products during storage. Because of the diverse climatic circumstances during 
the preharvest stage, the harvested products contain different level of secondary 
metabolites, nutraceutical substances, mycotoxins, nutrient status, ethylene biosyn-
thesis, respiration rate, and postharvest shelf- or storage-life potential. Additionally, 
by impacting food quality, climate change indirectly impacts the markets and com-
panies that deal with produced products (Ali et  al. 2020). Bisbis et  al. 2018 are 
obserbed that Climate change will most likely cause higher temperatures and higher 
atmospheric CO2 concentrations. Both will have an influence on yield and product 
quality of vegetables. These influences and interactions can be either positive (þ) or 
negative (−) (Fig. 16.1).

Apart from these, there are several others climatic factors which affects quality 
of vegetables and have been discussed in detail in this chapter so as to assess the 
potential impact of climate on vegetable production system.

Fig. 16.1 Schematic representation of climate change are influence on post harvest quality of 
vegetables (Bisbis et al. 2018)
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16.2  Components of Climate Change Triggering 
the Postharvest Quality of Vegetables

16.2.1  Elevated Temperature

Since the starting of nineteenth century to 1980 a rapid rise in the global tempera-
ture was recorded in each 13.5 years; since 1981, it was found to be increased to 
every 3 years (NASA 2021). The mean temperature risen at a rate of 0.07 °C till 
1880 and thereafter since 1981 it increased to double at a rate of 0.18 °C and in 2019 
the mean temperature increased by 0. 95 °C and the current rise in mean tempera-
ture in 2020 was 1.02 °C. Out of all warmest years, the five warmest years was 
recorded since 2015 whereas top ten warmest years occurred since 2005 
(NASA 2021).

Temperature plays significant role in shaping the pre and post-harvest quality of 
many vegetables (Bindi et al. 2001). During growth and development of vegetables, 
elevated temperatures can have an effect on photosynthesis, respiration, membrane 
stability, hormones level and accumulation of metabolites. Most of the physiologi-
cal processes in vegetable crops functions normally in temperatures varying from 
24° to 27°, if temperature goes above or below this range it causes detrimental dis-
turbance in the physiology of crop influencing the postharvest quality of many veg-
etables (Bewley 1997; Nemeskéri and Helyes 2019). It is also reported that the heat 
tolerant genotypes of tomato have more TSS content as compare to susceptible 
genotypes (Solankey et al. 2017).

There might be several positive effects of high temperature such as higher anti-
oxidant activity, high phenolics content and total soluble solids (Ackerman and 
Stanton 2013). On the other hand, there will be some undesirable alteration on the 
qualities which will eventually lead to decrease in the postharvest quality for 
instances the high temperatures and long days cause flowering in lettuce and spin-
ach but the produce is of inferior quality. Adaptation of certain varieties is the miti-
gation technique to overcome this flowering trigger, known as ‘bolting.’ 
(Abou-Hussein 2012).

16.2.2  Changes in Rainfall Patterns

The long-term rainfall pattern trends have been changed and since nineteenth cen-
tury and mostly from twentieth century. The rainfall pattern varies with year to year 
such as 1901–1930 was a dry period and thereafter 1931–1960 was recorded as a 
wet period, whereas 1961–1990 was recorded as a dry period and 1991–2020 a wet 
period (NASA 2021).

The rainfall patterns have been observed in terms of precipitation amount. Higher 
precipitation has been experienced in some regions of the world, such as North 
America, South America, Northern Asia and Central Asia. On the other hand, in 
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some areas, such as southern Africa, Mediterranean region, and some parts of south-
ern Asia, less rainfall was observed (Guhathakurta and Rajeevan 2008).

Spatially and temporally, precipitation has become extremely uneven. The 
change in the rainfall pattern have a harmful impact on the production and quality 
of vegetables during development for example if high rainfall occurs during the 
growing season, those vegetables which need less water may not come up resulting 
in degradation of fresh and processing quality (Pena and Hughes 2007; Lopez 
et al. 2011).

16.2.3  Elevation of Carbon Dioxide Concentration

Over the last 171 years, it was observed that the carbon dioxide (CO2) concentra-
tions increased by about by 47% more than the pre-industrial era of 1850. Thereafter 
since twentieth century the rise in the atmosphere carbon dioxide (CO2) concentra-
tions was much higher, during 2005 the carbon dioxide (CO2) concentrations in 
atmosphere were recorded 380 ppm, in 2007, 382 ppm, in 2010, 388 ppm, in 2013, 
395 ppm, in 2016, 402 ppm, in 2019, 410 ppm, and the current concentrations of 
carbon dioxide (CO2) in January 2021 was recorded up to 415 ppm (NASA 2021).

Elevated carbon dioxide (CO2) concentrations can increase the photosynthesis, 
biomass production, and increase the use efficiency of light, water, and nutrient and 
thereby increase the overall yield (Panja and Adhikary 2018).

Carbon dioxide CO2 concentration is increasing gradually which plays an impor-
tant role in global warming that effects the vegetable production and its postharvest 
quality. According to some of the studies conducted in the recent years concluded 
that CO2 might have both positive and negative role in maintain the postharvest 
quality of vegetable crops (Panja and Adhikary 2018; Nemeskéri and Helyes 2019).

16.2.4  Extreme Weather Events

When the concentration CO2increases, in one hand the globe gets heat up on the 
other hand many extreme weather events takes place as its side effect, such as, 
heavy droughts, change in rainfall pattern, flood etc. may become more common, 
change in rainfall pattern not only delay time of harvesting but also the occurrence 
of rains just before harvesting can cause serious cracking and splitting of many 
vegetables such as tomato, curd of cauliflower which results in low production 
along with deteriorating postharvest quality (Nemeskéri and Helyes 2019; Panja 
and Adhikary 2018).

Vegetables become very susceptible especially during the formation bulb, leafy 
head, tuber and curd. For many of the vegetables such as leafy vegetables drought 
decreases water content and reduces the postharvest quality and storage life 
(Nemeskéri and Helyes 2019).
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Vegetables are vulnerable to extreme contrasts in temperature and soil moisture 
fluctuations, combination of these, contribute to a diminishing yield. By limiting 
photosynthesis, modifying metabolism, and inducing changes in enzymatic behav-
iour, environmental change has an effect on physiological and biochemical pro-
cesses. (Tkemaladze and Makhashvili 2016; Bisbis et al. 2018).

16.3  The Impact of Climate Change Factors on Postharvest 
Quality of Vegetables

16.3.1  Effect of Changing or Elevated Temperature

The increasing temperature throughout the globe is a result of climate change, and 
is greater than before. Various vegetable crops and their broad diversity makes it 
complicated to sum up the possible effects of climate change on the postharvest 
quality of vegetables (Silva et al. 2017).

The vegetable grown under high temperature and high relative humidity will lead 
to some unwanted physiological changes which may results in detrimental quality 
such as blotchy ripening, sun scald in tomato, higher solanin accumulation in potato 
etc. in addition to that vegetables which are harvested under high temperature will 
have higher physiological heat (8–10 °C) than that of harvested at normal tempera-
tures which results in the higher respiration and metabolic rate, leading to higher 
percentage of weight loss and browning in some vegetables (Wheeler et al. 2000).

Fruit colour very important in measuring the marketable quality of tomato. 
25–30  °C. is the most favourable temperature for development of lycopene in 
tomato if the temperature reaches 27 °C lycopene starts degrading at above and at 
40 °C lycopene completely destroyed (Kalloo et al. 2001). High temperature influ-
ences the development of red colour in ripe chilli fruits. The temperature alteration 
interferes the ripening of melon fruits that indirectly affects the sweetness (Arora 
et al. 1987).

Tomato grown at 40 ± 2 °C under polytunnel recorded a decrease quality param-
eter in terms of marketability such as total lycopene content due to degradation of 
lycopene at high temperature, total sugar and antioxidant compounds whereas the 
quality parameters such as total phenolics content, total flavonoids, total soluble 
solid and acidity were not influenced by high temperature (Lokesha et al. 2019).

Global warming would have a bigger effect on the open field culture than control 
cultivation of tomatoes. While it is unclear about the extent of future impacts, meth-
ods may be used to forecast such impacts. GCMs (Global Climate models) are valu-
able instruments for analyzing the potential repercussions on plant species (Silva 
et al. 2017).

Similarly, in lettuce which is generally grown in areas having cool days and 
nights if they are exposed to high temperature the heads will develop fewer tender 
leaves along with bitter taste (Peirce 1987). Tip burnt lettuce are prone to soft rot 
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after harvesting and during storage, cabbage and lettuce leaves affected by sun scald 
are more vulnerable to post harvest decay (Moretti et al. 2010).

In tomato fruit, it has been observed that fruit size gets reduced due to heat stress 
leads to decrease in the surface to volume ratio increases more moisture loss 
throughout the storage period. Carrot exposed to preharvest heat stress may lead to 
faster water loss during storage period and may perhaps make many vegetables 
more vulnerable to chilling injury (Toivonen and Hodges 2011).

It is well evident that cauliflower must be exposed to adequate vernalisation to 
begin the formation of a curd. For a strong curd formation, temperature of 14 °C is 
most favourable. In tropical climate, cauliflower may fail to form a curd and flower-
ing due to high temperature, where as in places where very low temperature pre-
vails, few cultivars may have need of shield from low temperature effects (Putland 
and Deuter 2011).

Antioxidants of vegetable get altered by higher temperatures. Vegetables grown 
in warmer days and night temperature may have higher antioxidant activity than 
vegetables grown under low temperature (Moretti et al. 2010). Tomato grown under 
higher temperatures just prior to harvest inhibits the ethylene production and soften-
ing. Similarly, cucumber grown under high temperature have no influence on vitro 
amino cyclopropane carboxylate oxidase activity which affects the post-harvest 
quality of tomato fruits (Picton and Grierson 1988; Table 16.1).

16.3.2  Effect of Carbon Dioxide (CO2) Concentration

Carbon dioxide (CO2) is considered as one of the fundamental components to crop. 
For production of carbohydrate, higher concentration of CO2 is supposed to be 
related directly (Bisbis et al. 2018; Dong et al. 2020). It is evident now that with 
increase in the carbon dioxide concentration, temperature and water availability is 
likely to be changed which create a complex situation where quality retention may 
be a challenge (Dong et al. 2020). For instance, reduction of plant growth, physio-
logical parameters and alteration of some of the fruit qualities such as total soluble 
solid, acidity etc. (Daymond et al. 1997; Shaw et al. 2002; Dong et al. 2020). Due 
to decreased stomatal conductance, high CO2 often enhances vegetable yields and 
WUE, although long-term exposure may also cause growth depressions (Bisbis 
et al. 2018).

Only few selected crops such as lettuce, potato, and tomato have been studied in 
reference with the effect of carbon dioxide (CO2) on postharvest quality of 
vegetables.

In context to vegetable such as tomato, increase in CO2 have no effect on the 
quality of in terms of appearance, while on the other hand increase in CO2 above 
1000 μL.L−1 shown an increase in the ascorbic acid and was found to be increasing 
with increase in the Carbon dioxide level (Kimball and Mitchell 1981). This 
increased carbon dioxide (CO2) lifts up the consistency and taste of growing 
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Table 16.1 Exposure of vegetable crops to high temperatures resulting in physiological disorders 
affecting the post-harvest quality

Crop Symptoms Reference

Beans Brown spots on pods and later on spots form 
water-soaked area

Bhat et al. 
(2017)

Cabbage Outer leaves become bleached, papery and 
becomes more prone to decay

Bhat et al. 
(2017)

Tomato Sunburn Bhat et al. 
(2017)

Potato Dark-gray to black discoloration at the center 
of the tuber

Bhat et al. 
(2017)

Lettuce Heads will develop a bitter taste along with less 
tender leaves

Peirce (1987)

Lettuce and Cabbage Sun scald leaves are more susceptible to rot. Moretti et al. 
(2010)

Tomato At 40 °C lycopene completely destroyed Kalloo et al. 
(2001)

Cole crops High temperature causes bolting Kondinya et al. 
(2014)

Lettuce Increase in bitter compounds Wien (1997)
Cauliflower Delaying head induction Bisbis et al. 

2018
Lettuce/Broccoli, Chinese 
Cabbage

Tipburn/Loose heads ”

Tomato Green shoulders, Fruit coloration ”
Tomato, pepper Blossom-end rot, Fruit cracking ”
Onion Bulb splitting ”
Broccoli Flower bud size, Hollow stem ”
Cauliflower, Broccoli Bracting ”
Bean, Asparagus Fibres ”
Sweet corn Tip fill (cob) ”
Carrot Terpenes  ”
Tomato, Broccoli Anthocyanin, Flavonols, Phenols, 

Glycosinolates
”

Pea, tomato, cabbage, 
melon, sweet corn

Sugar content ”

Sweet corn Starch ”

tomatoes by increasing the concentration of fructose, glucose, and total soluble sug-
ars in the fruit (Li et al. 2007; Zhang et al. 2014).

While in case of lettuce, the increased CO2 concentration in atmosphere modifies 
the taste of lettuce by rising in the accumulation of soluble sugar by 27.1% as con-
firmed in a number of studies. Under salinity stress or high light intensity lettuce 
plants exposed to elevated carbon dioxide have privileged on its antioxidant metab-
olism (Jin et al. 2009; Becker and Klaring 2016). Surge in carbon dioxide leads to 
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increase the ascorbic acid by 7.1% and total antioxidant by 82.0% (Baslam et al. 
2012; Pérez- Lopez et al. 2018).

In tubers, elevated carbon dioxide can surge the tuber malformation which will 
further affect the postharvest quality of stored potato. Increase in Carbon dioxide 
level (CO2) in the atmosphere result in decreasing the tuber quality due to increase 
in the sugar level which may lead to higher proportion of browning (Bisbis et al. 
2018; Leisner 2020).

In context to internal quality and sensory attributes, the increased CO2 level in 
the atmosphere can lead to decrease in postharvest qualities and sensory evaluation 
value of many vegetable crops, with noteworthy negative impacting case of potato, 
in higher carbon dioxide (CO2) concentration, decrease in protein content, potas-
sium and calcium levels in potato tuber can be observed (Moretti et al. 2010). On 
the other hand, elevated carbon dioxide (CO2) increases soluble sugars and starch 
and maintained the organic acid level (Kumari et al. 2013).

Some research has shown, increased that increased CO2 has the ability to lower 
the nutritional value of crops by lowering the mineral content in the plants (McGrath 
and Lobell 2013; Loladze 2014; Smith and Myers 2018; Medek et  al. 2017; 
Table 16.2).

16.3.3  Effect of Ozone (O3) Concentration

In addition to carbon dioxide, rise in the O3 level as well contribute to global warm-
ing and climate change (IPCC 2014). Due to the fact that O3 is simply absorbed 
through stomata it leads to development of reactive oxygen species and free radicals 
that are harmful to the plant cells which results in slow plant growth (Kumari 
et al. 2013).

The detrimental effects of ozone on postharvest quality especially for leafy veg-
etables is very high and are not direct but in the form of bronzing, leaf chlorosis, 
premature senescence and stressed leaf tissues, less biomass production and, even-
tually, decreases the postharvest quality in terms of appearance, overall acceptance 
and colour developments (Felzer et al. 2007; Kumari et al. 2013).

Some experiments were conducted to see the influence of ozone on vegetable 
quality. Positive results were observed in case of seedless cucumbers and broccoli, 
as shelf-life seedless cucumbers and broccoli can be extended by using Ozone at the 
rate of 0.04 μL / L (Skog and Chu 2001). Quality characteristic and sensory score 
were assessed on tomato after they were ozone exposed with a concentration vary-
ing from 0.005–1.0 μmol / mol this study revealed that soluble sugar, firmness of 
fruit, percentage of weight loss, ethylene production, vitamin C, citric acid, and 
total phenol were not considerably affected by ozone (Tzortzakisa et al. 2007).

A research conducted in potato with an AOT40 exposure to 12.5 μL/L × h in 
OTCs revealed that paste made from potato tubers was extra viscous in nature. 
Potato plants treated with an AOT40 with value of 27.1 μL/L × h, revealed that the 
starch granules of tuber were less resistant to swelling and unwanted glycoalkaloid 
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Table 16.2 Influence of elevated CO2concentration /climate change on post-harvest quality of 
vegetables

Crop Quality Parameters (QP)
Effect of CO2 
on QP Reference

Leafy 
vegetables

Total soluble sugar Increased Jin et al. (2009)

Stem 
vegetables

Total soluble sugar Decreased Jin et al. (2009)

Leafy 
vegetables

Total antioxidant capacity Increased Dong et al. (2018)

Leafy 
vegetables

Ascorbic acid Increased Dong et al. (2018)

Root 
vegetables

Ascorbic acid Decreased Dong et al. (2018)

Fruit 
vegetables

Antioxidant capacity Decrease Dong et al. (2018)

Lettuce and 
cabbage

Sugars Increased Becker and Klaring 
(2016)

Lettuce, 
Celery,

Nitrate content Decreased Jin et al. (2009)

Lettuce, 
Spinach

Macronutrients
(N, P, K, S, Mg)

Decreased Giri et al. (2016)

Lettuce, 
Spinach

Micronutrients (Cu, Zn) Decreased Giri et al. (2016)

Potato Browning and acryl amide formation 
during processing,

Increased Högy and 
Fangmeier (2009)

Glucose, fructose, sugar concentrations, 
protein, potassium, calcium and visual 
quality

Reduced Ali et al. (2020)

Shelf life with antioxidant enzymes and 
sensory quality

Oyster
Mushroom

Browning index, Flavor and antioxidant 
enzymes

Enhanced Li et al. (2013), 
Zhang et al. (2015)

Button
Mushroom

Decreased
Increased

Lin et al. (2017)

content was found to be in higher amount which causes bitter taste in potato. O3 
exposure of potato plants resulted in decrease in reducing sugar and starch concen-
trations whereas increasing in ascorbic acid (Vorne et al. 2002). Exposure of water 
melon to O3 decreased soluble solids 4% to 8% (Gimeno et al. 1999; Table 16.3).

16.3.4  Effect of Salinity

Under climate change situation, increase in soil salinity can be observed in arid 
region of the globe because of higher rates of evapotranspiration where as in the 
coastal regions due to saltwater intrusion, in. extreme soil salinity can alter the 
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Table 16.3 Impact of high ozone(O3) concentration on post-harvest quality of vegetables

Crop Quality Parameters (QP)
O3 Effect on 
QP Reference

Potato; carrot Sucrose No significant 
effect

Hildebrand et al. 
(2008)

Carrot Isocumarin Increased Hildebrand et al. 
(2008)

Cucumber Firmness Increased Skog and Chu 
(2001)

Broccoli Color Increased Skog and Chu 
(2001)

Potato N, P No significant 
effect

Heagle et al. (2003)

Potato K, Mg Increased Piikki et al. (2003)
Potato Nitrate Increased Vorne et al. (2002)
Potato Ascorbic acid Decreased Vorne et al. (2002)
Potato Malic acid Decreased Piikki et al. (2003)
Tomato Ascorbic accid No significant 

effect
Tzortzakisa et al. 
(2007)

)Potato Citric acid Increased Vorne et al. (2002)
Tomato Citric acid No significant 

effect
Tzortzakisa et al. 
(2007)

Potato Reducing sugars Decreased Vorne et al. (2002)
Potato Starch No significant 

effect
Vorne et al. (2002)

Bell pepper Glucose, fructose, and total phenolic 
contents

Increased Glowacz et al. 
(2015)

Weight loss during storage
Cucumber/ 
zucchini

Disease incidence, weight loss, and 
maintained fruit firmness

Reduced Glowacz et al. 
(2015)

Chili Flavonoid contents Reduced Glowacz and Rees 
(2016)

Peppers Increase
Hot pepper Soluble solid content and shelf life Increased Sachadyn-Król et al. 

(2016)Nutritional quality
Carrot Increased Souza et al. (2018)
Swiss Chard Reduced Elvira et al. (2021)

production, productivity and quality of many vegetable crops (Machado and 
Serralheiro 2017).

Increase in TSS, acidity and flavour were observed when tomato was exposed to 
salinity stress (Beverly et al. 1993; Weston and Barth 1997).Increase in salinity may 
have an effect on the reverse osmosis which results in of loss of water from plant 
cells leads to loss in the quality many vegetables especially in leafy vegetables crops 
such as amaranthus, palak and spinach, (Pena and Hughes 2007).In chilli salinity 
stress decreases dry matter production, leaf area, but increases leaf area ratio where 
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as in cucurbits high salt concentration leads to a decrease in fresh and dry weight. 
Decrease in water and total chlorophyll content was also found to be associated with 
the high salt concentration (Baysal et al. 2004).

It is well evident that soluble solids, sugars, acidity and pH are some vital quality 
parameters for both fresh and processing tomatoes, other parameter such as shelf 
life and taste are also important in determining the overall quality fruits. These qual-
ity parameters are highly influenced by the salinity stress. Higher NaCl concentra-
tion is likely to increase the consumer preference since high NaCl results in higher 
sweetness and flavor, but the fruit produced seems to be a little hard (Magan et al. 
2008). It also alters the acidic taste of tomato because in high salt concentration 
ascorbic acid tends to be increased along with total soluble solids and titratable 
acidity on the other hand fruit firmness tends to be decreased (Azarmi et al. 2010). 
Internal browning of potato tubers is the effect of oxidation by PPO. The potato 
plants exposed to high saline condition will have higher percentage of internal tis-
sue browning, probably due to presence of higher concentrations of chlorogenic 
acid and PPO in the tubers. Along with PPO and chlorogenic acid there might be 
involvement of some enzymes in browning of internal tissue of potato (Kirk 
et al. 2006).

Gurgel et al. (2010) confirmed increase in soluble solids content with increase of 
salinity in melon fruits thereafter with the increase in the storage period soluble 
solids was found to be gradually decreased.

According to Medeiros de et  al. (2010) excess salinity in soil leads plants to 
absorb less water and less nutrients, as a result a larger period for vegetative growth 
lasting for longer time in plant, which may lead to excessive enzymatic activity, 
which is an indication of lower levels of some physiochemical compound such as 
sugars. The fruit weight of chilli is negatively correlated with salinity, as the salinity 
increased fruit weight was found to be decreased along with thickness of pulp on the 
other hand dry matter and total soluble solids increased. The hue of fruit was 
changed considerably with more orange colour. Sodium chloride stress showed 
slight raise in total phenolic content (10%) and significant rise in carotenoids (40%). 
Plants grown with high salinities produced fruit having high ascorbic acid compared 
to plants grown in normal soil condition (Giuffrida et al. 2014; Table 16.4).

16.3.5  Drought and Waterlogging

Due to climate change, unpredictable climate situation throws a huge challenge to 
human being as it results in the incidence of situations like flooding and drought. 
The vegetable crops are susceptible to both flood and drought. Drought stress results 
in reduction in photosynthesis, protein synthesis and nucleic acid metabolism and 
thus growth, development, post-harvest quality and storage life of many droughts 
sensitive vegetables (Bray et  al. 2000). On the other hand, heavy rain fall could 
result in water logging situation in some of the areas due to poor drainage system. 
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Table 16.4 Impact of high salinity on postharvest quality of vegetables

Crop Quality Parameters (QP)
Effect of salinity 
on QP Reference

Tomato Soluble solid Increased Zhang et al. 
(2016)

Tomato Titratable acidity Increased Zhang et al. 
(2016)

Tomato Sweetness and Flavour Increased Zhang et al. 
(2016)

Tomato Firmness of fruit Decreased Azarmi et al. 
(2010)

Potato Internal tissue browning Increased Kirk et al. 
(2006)

Potato Proline concentration Increased Kirk et al. 
(2006)

Melon Soluble solids content Increased Gurgel et al. 
(2010)

Chilli Fruit weight Decreased Giuffrida et al. 
(2014)

Chilli Total phenol content Increased Giuffrida et al. 
(2014)

Chilli Carotenoids Increased Giuffrida et al. 
(2014)

Gherkin Length and diameter of fruits, Decreased de Morais et al. 
(2018)pH, soluble solids Increased

Potato Content and SS/TA ratio Enzymatic and 
non-enzymatic antioxidant activities

Enhance Chourasia et al. 
(2021)

Water logging may result in lower rates of gas exchange, which will restrict the 
respiration of the roots resulting in alteration of the physiology, yield and the post- 
harvest quality of the vegetables (Patel et al. 2014).

Drought stress during vegetative growth decreases the accumulation of carbohy-
drate. Starch content of vegetable grains is highly influenced by drought. The effect 
of drought in starchy tuber crops such as cassava, potato is negatively correlated 
with starch concentration (Vandegeer et al. 2013; Ballmer et al. 2012). Under the 
severe drought situation, the reducing sugar was found to be increased with the 
intensity of drought in cucumber whereas total phenol content was negatively cor-
related with drought stress (Farag et al. 2019).

A lot of studies have confirmed that drought stressing tomato (Bartholomew 
et al. 1991; Sivakumar and Srividhya 2016) results in fast decrease in the quantity 
of ‘Rubisco small subunit transcripts’, which may point towards the decline in the 
synthesis of soluble protein, on the other hand a slight increase in vitamin C, TSS, 
lycopene was reported, on the other hand during the growing period, High rainfall 
in spinach resulted in the reduction of storage life by 40% (Weston and Barth 1997; 
Table 16.5).
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Table 16.5 Impact of drought on post-harvest quality of vegetables

Crop Quality Parameters (QP)

Effect of 
drought on 
QP Reference

Tomato Fruit weight Decreased Nahar et al. 
(2011)

Tomato Total soluble solids, Increased Nahar et al. 
(2011)

Tomato Ascorbic acid Increased Sivakumar and 
Srividhya 
(2016)

Tomato Lycopene Increased Sivakumar and 
Srividhya 
(2016)

Broccoli Polyphenolic concentrations Increased Fortier et al. 
(2010)

Lettuce Total phenolic content and antioxidant capacity Increased Oh et al. 
(2010)

Tomato Carotenoids Increased Favati et al. 
(2009)

Chilli β-Carotene and capsanthin Increased Marín et al. 
(2009)

Tomato Regulated deficit irrigation improved yield, 
antioxidants, bioactive compounds, and lycopene

Improve Bogale et al. 
(2016)

Lettuce Higher content of carotenoids, chlorophylls, caffeic 
acid, monocaffeoyl tartaric acid, malercyl quercetin 
glucoside, quercetin-3-O-glucuronide, and greater 
total antioxidant activity at harvest.

Improve Paim et al. 
(2020)

16.3.6  Ultraviolet Radiations

UV irradiation has a beneficial impact on physico-chemical quality. UV treatmen-
treduced firmness loss and colour development of in tomatoes during storage and 
handling is highly desired. Although UV irradiation reduces the loss of vitamin C, 
the increased vitamin E loss remains a concern (Mditshwa et al. 2017). The applica-
tion of a low UV-C dose can trigger some desirable reactions in fruits and vegeta-
bles, which lead to beneficial effects, including modulation of ripening and 
senescence, extending shelf life, or increasing health-promoting, compounds, elici-
tation of nutraceutical compounds as a defense mechanism and the induction of 
cross-stress tolerance. In addition, the UV-C radiation has successfully demon-
strated its potential on microbial decontamination on food products without altering 
physicochemical and sensorial properties when used at proper doses. UV treatments 
have been shown to induce the accumulation of phytochemicals, including ascorbic 
acid, carotenoids, glucosinolates, and, more frequently, phenolic compounds. 
(Naradisorn 2021; Darré et  al. 2022). Induction of cross-stress resistance and 
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Table 16.6 Effect of ultraviolet (UV) radiations on postharvest quality of edible plant products

Crop Irridiation Quality traits
Effect of UV on 
Quality traits References

Garlic UV-C Microbial count, Reduced, Park and Kim (2015)
Antioxidant/flavonoids and 
quercetin

Increased

Amaranth UV-C Weight loss, Decreased Gogo et al. (2017)
Lignin and cellulose/
hemicellulose contents

Increased

Cucumber UV-C Brightness and maintained 
quality

Increased Imaizumi et al. 
(2018)

Broccoli UV-B Quality of broccoli florets 
and glucosinolates

Increased Lu et al. (2018)

Tomato UV-C Phenolic/flavonoid and 
antioxidant activities

Increased Liu et al. (2018), 
Esua et al. (2019)

synergistic responses: It is currently known that biotic and abiotic stress responses 
use common signals, pathways, and triggers (Charles 2019). This overlap includes 
common changes in cellular redox status, reactive oxygen species, hormones, pro-
tein kinase cascades, and calcium gradients as common elements and helps to 
explain cross-tolerance phenomena (Atkinson and Urwin 2012). Some quality traits 
are depicted in Table 16.6.

16.3.7  Biotic Stresses on Vegetable Crops

The growth rates of weeds, parasites and insect pests can be changed by the altera-
tion of temperature, rainfall pattern, moisture levels and carbon dioxide elevation. 
The diseases caused by bacteria, fungi, viruses and nematodes could be strongly 
affected by climate change. (Nopsa et al. 2014). These biotic stresses react to cli-
mate change in a multiple manner starting from interactions among hosts, pathogen, 
and potential vectors to damaging the crop to its highest potential. High concentra-
tion of CO2 may increase canopy density leading in less penetration of light, air 
circulation, which alters the explosion, survival of many pathogens (Pannga et al. 
2013). Thus, climate change can create a new environment for emergence of certain 
weeds, insect pest and disease which may outbreak in the new environment which 
can results in decreasing the productivity, decline in the postharvest quality and 
storage life even in total failure of crop (Pannga et al. 2013; Abewoy 2018).

Climate change through global warming enhances the influence of pest and dis-
ease on vegetable crops in much larger region. Climate change significantly lower 
the yields or complete crop loss, lower the quality, and further enhance pest and 
disease outbreaks, rendering vegetable production unprofitable (Abewoy 2018).
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Due to climate change, the regions which earlier were not favourable witnessing 
the increase in the frequency of outbreaks of field and storage pests and disease 
(Epstein 2001) resulting in more losses of produce. Elevated temperatures might 
cause shorter life cycles of insect pests and diseases, which may further stimulate 
reproduction process and expand the population of field and storage pests and dis-
eases (Epstein 2001; Abewoy 2018). Due to occurrence of high temperature, some 
crops may get too dry reducing the quality and shelf life (Stathers et al. 2013).

High moisture percentage in the seed or other economical parts of vegetables are 
more prone to storage insect pest and disease. The increase of fungal disease on 
some of the vegetable will lead to produce aflatoxin or other mycotoxin which will 
deteriorate the heath of consumer and increase the post-harvest loss of the stored 
vegetables and its product (Hodges et al. 2011; Abewoy 2018).

16.3.8  Postharvest Losses of Vegetables

The quality of vegetables is determined by crop production methods and posthar-
vest handling (Prasad et al. 2017; Prasad et al. 2018a). After harvesting, vegetable 
crops and their produced become more prone to biotic and abiotic deterioration 
(Prasad et al. 2018). The rate at which this deterioration takes place is significantly 
determined by environmental surroundings especially climate change (Allen et al. 
2018; Prasad et al. 2018).

The increases in the temperatures and rainfall will not be same throughout the 
storage period. Instead, there will be a great variation in the duration, intensity and 
the frequency of rainfall and on the other hand the temperatures are likely to surge 
in every part of globe (FAO 2008). It is also expected that there will be more weather 
extremes like drought, flood. Unpredictable precipitation can dampen down the 
crops before they are ready to harvest which may lead in disease infestation on the 
field and later on may transfer into the storage room. Higher temperature is favour-
able for growth of many fungi and mould which produces mycotoxin that are haz-
ardous to human being. At very high temperature some vegetable crops get too dried 
on the other hand unfavourable damp weather during the drying can lead to poor 
quality of stored vegetables (Stathers et al. 2013). Van Gogh et al. (2013) observed 
that non-optimal temperature regulation in the cold chain is the most significant 
source of postharvest losses in a report on developed and emerging economies.

16.4  The Possible Mitigation Strategies

More emphasis is needed on breeding facilities and capital investment on develop-
ing new vegetable varieties which can withstand changing climate and bears high 
postharvest quality. It should be noted that substantial investment has been made in 
supplying genome assemblies for a wide range of specialty crops, as enumerated in 
recent reviews (Chen et al. 2019; Hao et al. 2020).
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The majority of sequenced genomes for vegetable crops have come from the 
Solanaceae, Cucurbitaceae, Cruciferae, and Leguminosae families, with broad scale 
resequencing efforts ongoing for at least five major vegetable crops (Cucumis sati-
vus, Brassica oleracea, Citrullus lanatus, Solanum lycopersicum, and Capsicum 
spp.) (Hao et  al. 2020). Crop responses to climate change could be bolstered or 
hastened with gene editing techniques, and crops could be biofortified to provide 
sufficient food quality content to an increasing population (Leisner 2020).

Genome editing methods including clustered frequently interspaced short palin-
dromic repeats (CRISPR) schemes, for example, have been used to engineer higher 
nutritional value and stress resistance in wild tomato relatives (Khan et al. 2019).

Recently, efforts have been directed toward biotechnological techniques for a 
biofortified ion-accumulating cassava, which accumulates considerably more zinc 
and potassium. The research involving individual climatic parameters along with 
their combined effect on diverse range of vegetable crop’s growth and quality is 
need of modern world to mitigate future challenges in scientific manner (Narayanan 
et al. 2019).

16.5  Conclusion

Climate change has turned into a serious concern for vegetable sector, as most of the 
time consecutive years of unpredictable weather, increasing temperature, draught, 
irregular rainfall pattern led to disturbed crop cycle and affects postharvest quality. 
This result in reduced and irregular supply of raw material to the consumer as well 
as processing factories. The adverse effects of climate change on vegetable quality 
includes abnormal vegetable growth, pests and disease attack, premature senes-
cence, altered biochemicals, altered physiology, physiological disorders etc. This 
adverse effect of climate change on vegetable quality is lowering down the returns 
of vegetable growers.

The vegetable breeding (conventional as well as modern breeding approaches), 
research on climatic parameters, genomics, biotechnological tools, marker technol-
ogy, development of varieties having resistance to adverse/diverse climatic condi-
tions and developing varieties having high postharvest quality and rich in 
biochemicals and postharvest shelf-life attributes are some of the research areas 
where researchers are working on so that to minimize the adverse effect of climate 
change on vegetable quality.
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