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Abstract

Climate change is a global threat to food security as it causes various biotic and 
abiotic stresses that adversely disturb agriculture production. With an increase in 
the worldwide population, the demand for food has also arisen. It is an immediate 
challenge for the scientific community to introduce an innovative tool to achieve food 
security with quality plant production and develop tolerance against abiotic stresses, 
specifically drought. Genetically modifications are effective and time-consuming, 
while biostimulants are in/organic substances with the potential to support plant 
development under stress conditions. This chapter focuses on the impacts of climate 
change on agriculture, challenges for agriculture sustainability and food security, the 
interrelationship between drought, climate change and food security, the potential 
role of biostimulants against drought, future aspects and challenges due to climate 
change specifically drought, and food security challenges. Various studies reported 
that the application of biostimulants results in enhancement of crop productivity and 
mitigates the harmful effects due to climate change. To ensure the quality of chapter, 
we collected references from well-reputed international journals using keywords 
““biostimulants,” “drought,” “food security,” “agriculture sustainability,” and “climate 
change.” In conclusion, biostimulants has a potential to address adverse environmen-
tal conditions without affecting crop quality and yield loss.

Keywords: abiotic stress, biostimulants, climate change, food security

1. Introduction

The world population has doubled since 1960, resulting in increased food demand 
and agricultural production [1]. World food production needs to be increased to 
70% to feed this population in 2050 [2]. Due to high warming temperatures and 
precipitation shifts, agriculture has faced a massive yield decline, especially in lower 
latitudes [3]. Global warming speeds up crop development and reduces the maturity 
time and photo-assimilation period thus disturbs crop yield and quality. Moreover, 
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such climatic conditions are more optimistic for pests. During the growing season, 
the climatic water balance has been projected to increase negatively, leading to 
water shortage [4]. Furthermore, it also affects the stomatal closure, cell damage, 
delayed seed germination, disturbed structure and functionality of cell membranes, 
enzyme inactivity, and interferences on protein synthesis, ultimately damaging 
crop productivity [5].

Drought is another environmental hazard described as a long period of reduced 
precipitation occurring in almost all climatic zones, including low and high rain-
fall [6]. Crop productivity and yield depend upon irrigation management, water 
quality, and regimes. At the same time, water shortage disturbs gaseous exchange, 
photosynthetic activity, evapotranspiration, stomatal closure, and nutrient uptake 
and consequently affects plant biomass [1]. Drought stress events are mainly associ-
ated with low rainfall and high soil evaporation due to high-temperature events, dry 
wind, and high light intensity. Scientists and agriculturists have introduced various 
drought-resistance induction strategies to cope with drought and other global warm-
ing impacts [7].

Biostimulants are substances having the potential to improve nutrient use effi-
ciency and uptake, develop resistance against biotic and abiotic stresses, and improve 
quality characteristics when applied to plants [8]. Moreover, biostimulants vary in 
composition depending on the material used in their preparation. It enhances plant 
growth and nutrition when applied in minute quantities; therefore, it should not 
be termed as fertilizers and other soil amendments used in considerable amounts 
to achieve the required yield [9]. Studies reported that paramylon [10], commercial 
Ascophyllum nodosum extracts [11], and exogenous application of melatonin devel-
oped drought resistance and improved tomato quality [12]. Under drought condi-
tions, mint quality and quantity were improved using biostimulants [13].

The objectives of this chapter were to identify the impacts of climate change on 
agriculture sustainability and the role of biostimulants in drought. Climate change 
has adversely impacted the agriculture sustainability while the biostimulants are 
gaining popularity due to its potential in addressing abiotic stresses. Therefore, the 
chapter focuses on provided the alarming signals about climate change and how farm-
ers and other landholders can use biostimulants to achieve food security. The chapter 
consists of eight sections, which include the introduction (Section 1), methodology 
(Section 2), impacts of climate change on agriculture, both biotic and abiotic stresses 
(Section 3), challenges for agriculture sustainability and food security (Section 4), 
the interrelationship between drought, climate change, and food security (Section 
5), potential role of biostimulants against drought (Section 6), future aspects and 
challenges (Section 7), and conclusion (Section 8), respectively.

2. Methodology

To ensure the quality of the chapter, we reviewed researched articles, review 
articles, books, and scientific reports only indexed by Scopus, Web of Science, 
Science Direct, and Google Scholar. We targeted specific keywords including “bio-
stimulants,” “drought,” “food security,” “agriculture sustainability,” and “climate 
change.” The articles published in well-reputed journals were studied. Moreover, the 
articles not related to objectives of the chapter were eliminated. The data and infor-
mation collected were transformed into table and figures.
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3. Impact of climate change on agriculture

Overwhelming environmental changes have harmed agricultural production, 
human health, and natural systems [14]. Agriculture and climate change are linked in 
numerous ways since climate change is the leading driver of biotic and abiotic pres-
sures that have detrimental effects on agriculture in an area. Concerns over the stabil-
ity of the worldwide environment have led to an increase in food demand in tandem 
with the rapid growth of the global population. Agriculture productivity is greatly 
affected by water availability, air pollution, and soil quality [15]. Climate change 
impacts land and agriculture in many ways, including changes in yearly rainfall, heat 
waves, average temperature, weeds, insects, microbes, and atmospheric CO2 or ozone 
level.

3.1 Effects on abiotic factors

3.1.1 Temperature

Temperature affects the growth and development of plants depending on the crop 
being grown [16]. Climate change reduces rainfall, wind speed, and snow cover due 
to rising temperatures and shortens the growing season for plants, affecting crop 
quality and agricultural productivity [7]. The causes of temperature rise can be traced 
back to global warming, which varies from place to region. In the future, developing 
countries will be more vulnerable, which may lead to a rise in food insecurity in the 
region. According to a study on the effects of frost and extreme temperatures on 
wheat production (Triticum aestivum L), frost produced unfruitfulness and abortion 
of created grains, while excessive heat resulted in a reduction in the number of grains 
formed during the filling period of the grain [17]. The high-temperature effects on 
a pearl millet were studied by [18], and the researchers identified sensitive stages of 
the plant’s growth process. This research assessed temperature thresholds, genetic 
diversity, and pollen fertility.

Moreover, the high temperature reduces pollen germination and seed produc-
tion. This also impacts pollen and pistil fertility [18, 19]. Due to the effects of climate 
change on agricultural production, climatic variance threatens crop production 
patterns, causing food insecurity.

3.1.2 Drought and rainfall

One essential abiotic variable that reduces the number of agricultural products 
harvested worldwide is drought [20]. It influences not only the growth of the crops 
but also the yield value. In an experiment on miscanthus for biofuel generation, 
drought treatment lowered plant weight by 45% and affected biomass composi-
tion and cell wall structural stiffness [21]. Due to the distribution and pattern of 
precipitation in tropical regions, the water content of the soil in these regions var-
ies significantly [22]. This means plant water in the soil is dwindling. In addition, 
research to investigate the impact of precipitation timing on rainforest and grassland 
in the United States found that plant-usable soil water content depends on precipita-
tion [23]. In other words, when rainfall distribution is uneven, the soil water content 
decreases, producing stress on plants in afflicted locations. This is frequently the 
outcome of climate change.
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3.1.3 Waterlogging/flooding

Climate change has disrupted the hydrological cycle, reducing or impairing 
agricultural growth in many parts of the world. As a result, waterlogging significantly 
impacts agricultural productivity, particularly on flatland or areas near rivers [24]. 
Heavy rainfall in the area is the primary source of waterlogging, although irrigation 
canal leaks and clean surface drainage can also contribute. Soil compaction increases, 
and the amount of accessible O2 for plant cells decreases because the diffusion process 
of O2 is sluggish in ponding water [25]. Consequently, anaerobic bacteria release 
iron ions, manganese ions, and sulfide in large quantities because oxygen is scarce. 
Physiological and morphological changes occur in crops that are waterlogged [25]. 
In reaction to waterlogging, a plant’s stomata closes, which affects gas exchange and 
water uptake, as well as anaerobic conditions in the rhizosphere, harms the plant’s 
ability to absorb water [24].

3.1.4 Salinity

According to [19], worldwide salinity affects crop yield and food supplies. Since 
salt-sensitive crops (wheat and rice) are grown worldwide (F.A.O., 2015), salinity 
must be addressed soon. According to [26], rice is one of the most widely cultivated 
crops since it is a crucial source of sustenance for nearly all of humanity. Salinity is a 
stressor in dry and semiarid environments when evapotranspiration exceeds rainfall, 
resulting in insufficient rain to filter soluble salts from the root zone. The salinity 
stressor inhibits plants’ capacity to absorb nutrients and water from the soil, stunting 
their development; salt deposits in the transpiration stream harm leaf cells, causing 
leaf burn; it also alters enzyme activity within the plant [27].

3.2 Effects on biotic factors

3.2.1 Livestock

The focus of the cattle industry during the past quarter-century has been on 
enhancing production, altering the environment, and enhancing nutritional manage-
ment rather than improving stress resistance. This method substantially boosted the 
output of domestic animals but also increased their susceptibility to hot surroundings. 
The modes by which domestic animals adjust to environmental changes are crucial to 
their survival, but they frequently have a detrimental impact on the productivity and 
profitability of livestock systems [28]. Heat stress has damaging effects on the health 
and welfare of animals. The direct and indirect impacts of heat stress on the health of 
farm animals in hot environments. Increased temperatures, frequency, and severity of 
heat waves are the primary causes of the direct consequences. These climatic circum-
stances can harm the health of cattle by generating metabolic changes, oxidative stress, 
and immunological suppression, which can lead to illnesses and mortality. Indirect 
consequences include changes in the availability and quality of feedstuffs and drinking 
water and the survival and redistribution of diseases and/or their vectors [29].

3.2.2 Aquaculture and fisheries

Aquatic ecosystems are essential to the global environment. In addition to being 
crucial contributors to biodiversity and ecological production, wetlands offer several 
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benefits to human populations, such as water for drinking and irrigation, recreational 
activities, and habitat for commercially significant fisheries [30]. Marine fisher-
ies contribute significantly to people’s and society’s well-being, particularly in the 
tropics, where coastal populations rely on fisheries for food security, livelihoods, 
economic growth, and culture [31]. Fisheries are becoming increasingly vulnerable to 
changes in the physical and biogeochemical properties of the ocean (such as warm-
ing, sea-level rise, deoxygenation, acidification, and altered nutrient concentrations) 
caused by rising concentrations of anthropogenic greenhouse gases, particularly CO2 
[32]. The distribution, abundance, and reproduction of fish and invertebrate spe-
cies are also being affected by physical and biogeochemical stresses via ecosystems, 
directly and indirectly impacting fisheries productivity [33]. By the year 2050, climate 
change may cause 10–40% of species that are appropriate for marine aquaculture to 
become extinct in the tropics and subtropics [34].

3.2.3 Insect pests

Pests are a key biotic component also affected by climate change and weather 
disturbances. Temperature increases have an immediate impact on pest reproduction, 
survival, dissemination, population dynamics, and interactions between pests, the 
environment, and natural enemies. As a result, it is critical to monitor pest presence 
and abundance since the conditions of their occurrence might change quickly [35]. 
The effect of climate change on arthropod extinction rates is between 100 and 1000 
times more prominent than in the past, with 45–275 species becoming extinct daily. A 
temperature increase of 6°C would result in the extinction of several species, includ-
ing humans. In North America and Europe, bumblebee populations have decreased 
by 46% and 17%, respectively, because of extreme temperatures caused by climate 
change, compared with the base period of 1901–1974 [36]. Climate change produces 
new ecological niches that allow insect pests to develop and proliferate in new 
geographic locations and migrate from one region to another. Due to the changing 
environment, farmers should expect to encounter new and significant insect issues 
in the following years. The spread of agricultural pests across physical and political 
borders threatens food security and is a global issue shared by all nations and regions.

The physiology of insects is extremely sensitive to variations in temperature; as a 
rule, their metabolic rate will almost double for every 10°C increase in temperature 
[36]. Populations of whiteflies are primarily influenced by environmental conditions 
such as temperature, precipitation, and humidity. Whitefly population growth is 
favorably associated with high temperature and humidity [37]. Increased atmospheric 
CO2 levels can impact the distribution, number, and productivity of insects that feed 
on plants. Such increases may impact insect pests’ growth, fertility, consumption 
rates, and population densities [38]. Climate change is expected to affect the amount, 
distribution, and seasonal timing of pests and their natural enemies, changing bio-
logical control activities [39]. Aphids are handled by natural enemies such as parasitic 
wasps and ladybirds. These species may react differently to temperature changes due 
to global warming [40].

4. Challenges for agricultural sustainability and food security

Agriculture, covering more than 40 of the world’s land, is the sole food provider 
for human beings and animals [41]. It also plays a vital role in most countries’ 
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economic growth [42]. Furthermore, on an average basis, about 77% of the per capita 
energy requirements in the world are also fulfilled through crop base food products, 
while 23% of the remaining food comes from other sources, including meat, egg, and 
milk [43]. Consequently, the nutritional demand of the increasing population is one 
of the basic needs that can only be attained by increasing agricultural production 
[44]. So, in developing economies, there is a direct relationship between employment 
generation and poverty eradication with the progress in the agricultural sector [45]. 
However, this sector faces many problems but is also developing constantly through 
adopting various measures to handle these numerous challenges.

Climate change is likely to have harsh effects on various influences, including water 
resources, coastal regions, agriculture, human liveliness, food security, ecosystems and 
biodiversity. According to [46], climate change may predict about a 30% decrease in 
the yield of different crops in some parts of south and central Asia. Modifications in 
agricultural practices increased industrial products because of the global inevitabil-
ity to assure access to nutrition on behalf of the increasing population along with the 
assimilation of markets and globalization (Figure 1) [47].

The world’s food demand is increasing daily because of the increasing population. 
So, adequate food security is a critical problem [48]. According to the World Food 
Summit, food security can be defined as “when all the people in the world, any time, 
have economically and physically access to adequate, enough, and safe nutritious 

Figure 1. 
Need and goals to achieve agricultural sustainability.
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to fulfil their dietary requirements along with food partialities to spent healthy and 
active life” [49]. Food security has four main components: stability, availability, 
utilization, and access to food [50]. Nowadays, many challenges are faced by food 
security, starting from the application of various fertilizers, such as phosphorous, 
potassium, and nitrogen, to agricultural lands [51], then the deteriorating water 
tables, increasing temperatures, and an abrupt increase in population as well as 
consumption progression [52]. So, the two main challenges to food security are global 
inequity and entrepreneurial forms of production and distribution.

To cope with all these challenges, there is a need to make progress in scientific 
knowledge along with novel agricultural technologies that allow the communal urban 
agriculture practices to change with the present advanced urban agriculture. There 
are two types of urban agriculture, controlled environment agriculture and uncon-
trolled environment agriculture. According to [53], controlled environment agricul-
ture contains agriculture practices related to environmental optimization, usually in 
combination with immediate urban assemblies, such as uses of greenhouse, internal 
farming, vertical farming, and building assimilated agriculture. While, in uncon-
trolled environment agriculture, vegetable farming is done in open space instead of a 
greenhouse and contains different types of gardens, including rooftop and commu-
nity gardens that are usually indicated to play a vital role in food security globally.

5.  The interrelationship between drought, climate change, and food 
security

Drought causes many physiological and molecular disorders in plants through 
excessive production of reactive oxygen species (ROS). It negatively influences the 
morphophysiological traits, including plant height, leaf area, relative water content, 
stomatal oscillation, chlorophyll contents, osmotic potential, and leaf water potential 
in crops [54]. Drought damages the photosynthetic process and causes stomatal 
closure. The reduced photosynthesis due to stomatal closure is reported to limit the 
supply of CO2 [55]. Food security is dependent on social, economic, and climatic 
factors. Climatic extremes, particularly droughts and floods, affect the state of food 
security in Africa [56].

One of the key predictions of climate change is that in some regions, droughts are 
likely to increase in frequency and severity. This will have significant implications 
for the long-term viability of plant populations, especially where water availability 
plays a key role in delineating species ranges [57]. The human influence on the earth’s 
climate is becoming increasingly prominent. Climate observations prove the existence 
of a global warming trend: global average temperature has increased by 0.88°C since 
1900 [58], and the 12 hottest years observed globally since 1880 all occurred between 
1990 and 2005. The climate changes will also have associated consequences for biotic 
(frequency and effects of pest and disease outbreaks) and abiotic disturbances 
(changes in fire occurrence, changes in wind storm frequency and intensity) with 
substantial implications for forest ecosystems [59].

Public awareness of the importance of extreme climatic events is growing [60]. 
While longer-term climatic reconstructions suggest that the occurrence and impacts 
of such climatic events are not new (e.g., Acuna-Soto et al., 2005; Benson et al., 2007), 
there is now a growing concern that anthropogenic global warming could increase the 
severity and frequency of extreme climatic events in the future [60]. From an ecologi-
cal perspective, climate change also represents a major threat to global biodiversity 
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conservation. Indeed, it is argued that in the absence of rapid implementation of 
strategies to reduce global greenhouse gas emissions and other processes, many of the 
earth’s biota will likely be committed to extinction [61]. By disturbing plant populations 
and derived ecosystem functions that depend on complex species interactions, extreme 
climatic events are likely to play a central mechanistic role, which influences food secu-
rity [62]. The relationship between drought and agriculture is particularly important as 
84% of the damage and losses caused by droughts relate to the agriculture sector [63]. 
Globally, droughts and extreme heat significantly reduced national cereal production 
by 9–10%, whereas the analysis could not identify flood and harsh cold effects [64]. 
Drought disasters in Indonesia mainly occur in Java and Madura since both islands have 
higher risk and vulnerability than other islands (Figure 2) [65].

Whereas the outcomes of abiotic stresses on crop yield are hard to calculate 
accurately, it is believed that abiotic stresses substantially influence crop production 
depending upon the extent of damage to the total area under cultivation. In future, 
the productivity of the major crops is estimated to drop in many countries due to 
global warming, water shortage, and other environmental impacts [66]. To achieve 
food security, water must be available at the right place, at the right time, in the right 
quantity, and be of the right quality. Water-related disasters negatively affect agricul-
ture and crop production, threatening food security [67].

6. Potential role of biostimulants against drought

Drought stress impacts the agriculture sector and can adversely affect the plant’s 
morphological, physiological, biochemical, and molecular changes, leading to reduced 
plant growth and productivity [68]. Water stress also results in increased reactive oxy-
gen species (ROS) accumulation in the plant, which disturbs different cellular mecha-
nisms, including enzyme inhabitation, protein reductase, DNA, RNA, and membrane 
lipid peroxidation damage leading to cell death [69]. It also disturbed the stomatal 
closure, enzyme activity, photosynthesis process, and transpiration rates [70].

Figure 2. 
Direct, indirect, and socioeconomic effects of climate change.
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Biostimulants can boost crop toleration against drought stress and improve 
crop productivity [9]. Moreover, it can potentially increase the growth and yield 
of plants in farming by developing tolerance against drought stresses, enhancing 
water retention capability, root strengthening and development, and improving 
nutrient and water use efficiency [71]. The impact of biostimulants highly depends 
on time and rate of application, abiotic environmental factors, and crop variety 
[72]. Studies reported that using pollen grain extract as biostimulant improved the 
growth and essential oil productivity of Ocimum basilicum under drought stress 
conditions [73].

In addition, arbuscular mycorrhizal fungi, plant-growth-promoting rhizobac-
teria, and local green compost improve date palm productivity under a water stress 
environment [74]. Ascophyllum nodosum extract biostimulants also developed drought 
tolerance in tomato plants [11]. Under mild drought stress, the application of A. 
nodosum seaweed extract (SWE) enhanced spinach growth [75]. While foliar-applied 
(SWE) improved bean yield cultivars under irrigation regimes by changing fatty acid 
and biochemical profiles [76]. Further benefits of biostimulants and plant responses 
under different conditions are given in Table 1.

7. Future aspects and challenges

To make water available for human consumption and irrigation, an adequate water 
management system must be adopted worldwide for sustainable agriculture and 
profitable activity of water, especially in arid and semiarid regions [83]. Biostimulants 
have been reported to address drought stress while maintaining crop yield and 
productivity [9]. However, the response of different crop cultivars and the long-term 
impacts of biostimulants need to be studied. Moreover, multiple sources of biostimu-
lants should be adopted after identifying their synergistic effects rather than relying 
on a single basis. Literature reported the research conducted at tunnel farms, experi-
mental greenhouse areas, and hydroponic conditions. However, field experiments 
should be performed to find the potential of biostimulants in real-life situations. In 
addition, the use of biostimulants can also provide environmental benefits. It can 
be used to tackle food demand by improving productivity under environment stress 
as well as utilization of waste products to prepare biostimulants for environment 
sustainability.

Furthermore, the effectiveness of biostimulants in normal environmental 
conditions and their comparison with chemical fertilizers can also give new 
insights. The use of biostimulants for sustainable agriculture to reduce agro-
chemical products (such as chemical fertilizers and pesticides) can be studied. 
Moreover, the high demand for biofertilizers and biopesticides can be addressed 
using natural biostimulants, including seaweed, pollen grain, moringa leaf, and 
many other extracts. Therefore, new and economical biostimulants with different 
compositions should be introduced into the market along with their specifications 
to specific crop/cultivar, application method, time, and dose, and their effective-
ness toward specific stress conditions should be mentioned. Biostimulants vary 
in nature depending upon their composition and the material from which they 
are derived. Due to the uniqueness of every type of biostimulant, the mechanism 
behind its activity and performance is still not identified; thus, further studies 
are required in this regard because it can help scientists identify more benefits of 
biostimulants.
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8. Conclusion

High food demand, climate change, increasing incidences of weather extremi-
ties, and other biotic and abiotic stresses have created severe pressure on crops. 
Conventional agriculture practices are challenging to maintain in such scenarios. 

Biostimulant Crop Stress Results Reference

Saprophytic fungi 
(Trichoderma 

harzianum ALL-42)

Common 
bean 
(Phaseolus 

vulgaris)

Pathogenic 
stress

Improved shoot biomass 
production and number of 
lateral shoots, module plant’s 
metabolism and triggers its 
defense response

[77]

Plant and seaweed 
extract

Baby 
spinach 
(Spinacia 

oleracea)

None Improved plant growth, quality, 
and yield

[78]

Fresh seaweed 
extract of 
Ascophyllum nodosum

Lettuce Potassium 
deficiency

Increased the quality of cut 
lettuce

[79]

Alfalfa (Medicago 

sativa) and red 
grape (Vitis vinifera) 
derived biostimulants

Capsicum 

chinensis

None Promoted plant growth and 
the production of secondary 
metabolites

[80]

Salicylic acid, 
beeswax waste and 
liquorice extract

Sesame Drought 
stress

Mitigate drought stress and 
oxidative damages, regulate 
osmoprotectants and antioxidant 
defense system and improve 
sesame productivity.

[81]

A. nodosum seaweed 
extracts

Spinach Drought 
stress

Enhanced gas exchange through 
reduction of stomatal closure, 
resulting in increased plant 
resistance to water stress.

[75]

ERANTHIS®® 
(seaweed A. 
nodosum, Laminaria 
digitata, and yeast-
based extracts)

Tomato Drought 
stress

Mitigate water stress [82]

Biostimulants, 
Vitamin B12, and 
CoQ10

Red radish None Improved fresh and dry weights 
of roots and shoots

[72]

Glycine, lysine, 
aspartic acid, vitamin 
B complex, and 
moringa leaf extract

Radish None Improved morpho-physiology 
properties and yield

[8]

A.M.F. consortium 
(A.M.F.), indigenous 
PGPR (B), and local 
green compost

Date palm Drought 
stress

Mitigated drought stress, 
improved plant biomass and 
phosphorus uptake, and boosted 
plant-water relationship

[74]

Table 1. 
Benefits of biostimulants and plant responses.
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Therefore, farmers and scientists are facing the challenge of finding an appropri-
ate approach to tackle environmental stresses and maintain crop productivity. 
Biostimulants are an innovative tool to address the issue without adversely affecting 
crop quality and yield loss. We studied the latest research in this aspect, and bios-
timulants have reported positive responses against adverse environmental conditions. 
However, further studies are required to identify the crop response in different areas 
of the globe and its long-term potential under other stress conditions.
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