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Abstract

Climate change is alarming, particularly for agriculturists as it severely impacts the
development, distribution, and survival of insects and pests, affecting crop produc-
tion globally. Over time, climate change is drastically tumbling the crop productivity
in all the cropping systems, whereas the dryland agriculture with existing low pro-
ductivity is immensely hit. While all the existing species in drylands, including hu-
mans, are coping with extreme climate variations for millennia, future climate change
predictions put dryland agriculture in a threat zone. Drylands support 38% of the
world's population; therefore, climate change coupled with population growth and
global food security draws the attention of scientists towards sustainable crop pro-
duction under changing trends. The intermingling and intermixing of various bi-
ological, hydrological, and geographical systems plus the anthropogenic factors
continuously amplify the changes in the dryland systems. All of this brings us to
one challenge: developing pest management strategies suitable for changing cli-
matic patterns. In this complex agrology framework, integrated pest management
(IPM) strategies, especially those involving early monitoring of pests using predic-
tion models, are a way to save the show. In this chapter, we will summarize the di-
rect and indirect effects of climate change on crop production, the biology of in-
sect pests, the changing pest scenarios, the efficacy of current pest management
tactics, and the development of next-generation crop protection products. Finally,
we will provide a perspective on the integration of best agronomic practices and
crop protection measures to achieve the goal of sustainable crop production un-
der changing climatic trends of drylands.

Keywords: Climate change, Dryland, Agriculture, Pest management, Production

1 Introduction

Climate change has been the talk of the hour globally due to its im-
pact on almost all the natural and man-made ecosystems including
terrestrial, hydrological, and agricultural systems (Rosenzweig et al.
2007). This led to a new discipline called “climate change biology”
which studies the impacts of climate change on different biological
systems (Hannah 2021). Talking about the agricultural system, cli-
mate change is one of the focal areas for agriculturists as it deeply
affects the agriculture sector due to fluctuations in numerous fac-
tors including temperature, rainfall, CO2, etc. that directly or indi-
rectly influence crop and livestock production (Adams et al. 1998).
Hulme (1996) categorized these climatic conditions that affect ag-
riculture into four major groups, namely, temperature, water runoff,
carbon dioxide, and extreme conditions (Jones and Hassan 1991).
The agriculture production scenario worsens in extreme calamities
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such as droughts, floods, and windstorms and is alarming due to the
uncertainties attached to climate change (Jones and Hassan 1991).
A global yield reduction of 3.8% maize and 5.5% wheat is predicted
due to the changing climatic conditions (Lobell et al. 2011). There
is no denying the fact that the earth is getting hotter and over the
past 100 years, major warming, constituting more than half of the
total, occurred in the drylands. The drylands are described in terms
of aridity index (Al) which is a function of average annual precip-
itation (P) and potential evapotranspiration (PET) (Middleton and
Thomas 1997). The P/PET ratio is less than 0.65 in these areas, sug-
gesting the Al is high which indicates scarcity in water supply in rela-
tion to atmospheric demand (Hulme 1996). The drylands share 42%
of the total lithosphere of our planet, which comprises the grass-
lands, forests, cultivated land, and residential area. The drylands are
very crucial for the developing countries as 58% of the drylands are
marked in Asian and African countries (Laban et al. 2018). Scientists
predicted that climate change will lead to the expansion of drylands,
estimated to increase 10% by 2100 (Middleton and Thomas 1997).
Climate change is most importantly marked by an increase in green-
house gasses, like CO2, which led to global warming. The increase in
atmospheric temperature leads to the depletion of water resources
in drylands, which drastically reduces agricultural productivity. The
spatial and temporal variability in temperature and rainfall and com-
plex biological, physical, and socio-economical systems accompa-
nied by anthropogenic factors in these areas make it the worst-hit
area for agriculture (Jones and Hassan 1991; IUCN 2019). The ex-
isting risks of droughts and floods in drylands will be amplified by
the predicted rise in temperature (IPCC 2015; McKenzie 2009). Evi-
dence suggests that in order to meet the yield requirements, crop-
land expansions occur at an approximate rate of 9% owing to yield
reductions in drylands (Zaveri et al. 2020). Various crop models de-
veloped by the International Crops Research Institute for Semi-Arid
Tropics (ICRISAT) to study the effects of climate change on crop
growth, development, and productivity suggest that crop produc-
tivity will reduce under high-temperature regimes of drylands due
to increased evapotranspiration and decreased LGP and crop dura-
tion, radiation interception, harvest index, and biomass accumula-
tion (Jat et al. 2012).
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It is predicted that the probability of strident and plausible impacts
on agriculture and related species, especially the ones vulnerable, is
inevitable and is thought to increase with time (IPCC 2015). Among
the vulnerable species are the insect pests which are feared to be af-
fected adversely by the changing climatic conditions of drylands lead-
ing to changes in the insect pest scenario and the onset of new pest
species. Pest population dynamics including insect development, re-
production, survival, and spread along with their interaction with other
pest species and natural enemies completely change with the increas-
ing temperatures (Prakash et al. 2014). It is also thought that this rapid
dynamic change in the insect population not only increases the rate of
insect food consumption but also increases the risk of pesticide resis-
tance development (Dillon et al. 2010; Matzrafi 2019; Pu et al. 2020).
Consequently, many insect species have now shifted to low pest risk
areas as well due to these climatic changes (Bebber et al. 2013).

2 Effects of Climate Change in Drylands
2.1 Insect Pest Biology

The vulnerability of agriculture to pest threat is increasing with the rise
of temperature around the planet. It is anticipated that by the end of
the twenty-first century, the global temperature would rise by at least
4 _C (Brown and Caldeira 2017). An increase in temperature, CO2 level,
reduced humidity, and frequent precipitation severely affect insect bi-
ology and ultimately the extent of crop losses. Temperature plays an
important role in regulating insect growth, survival, and reproduction.
Insects have a greater tendency to flourish in hotter temperatures and
this allows them to feed more and reproduce more. Increased temper-
ature can have direct effects on insects like elevating the developmen-
tal rates of insects and making them more heat tolerant (Harvey et
al. 2020). In dryland areas, drier conditions often lead to the reduced
production of secondary metabolites which are involved in plant de-
fenses and increase the concentration of amino acids in plants which
makes the plant more nutritious for insects to feed. Therefore, some
insects perform better on water-deficit plants (White 1969; Maxmen
2013). However, this performance is displayed for a shorter period. In
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the case of sap-sucking insects like aphids, they can feed during the
dry spells, but as the plants become water-stressed, there is a decline
in fluid pressure in phloem cells which negatively impacts the aphid
feeding (Huberty and Denno 2004). Growing maize at higher temper-
atures and under wet conditions leads to detrimental effects on the
performance of herbivore Bicyclus anynana. These conditions led to a
decrease in the herbivore’s body weight, fat content, storage reserves,
and phenoloxidase activity. These are the indirect consequences on
herbivores mediated by variation in host plant quality due to climate
change (Kuczyk et al. 2021).

The potato tuber moth outbreaks are more prevalent in Peru dur-
ing hotter and drier years as compared to the usual conditions. The
higher temperature in combination with less rainfall does not help in
washing off the moths from the leaves and stems of the potato plant.
Moreover, dry conditions produce cracks in soil which allow the lar-
vae to move into the soil to feed on tuber (Kroschel et al. 2013). It is
also expected that an increase in global temperature could expand
the range of pest distribution. The pests which are now restricted to
tropical regions only could move to temperate regions due to temper-
ature changes. In sub-Saharan Africa, rice is among the major crops
cultivated in different countries. It is severely affected by the attack of
flea beetles of Chaetocnema pulla species group which is also a vec-
tor of rice yellow mottle virus disease. This disease causes 80-100%
yield loss. Beetles spreading the virus make the condition worse. Cur-
rently, this beetle is posing problems to rice crops in Madagascar and
Western and Central-Eastern Africa. Future predictions based on cli-
mate changes concerning increasing temperature over the years sug-
gested the faster dispersal of this beetle to some territories of Sudan,
South Sudan, Cameroon, Nigeria, Zimbabwe, Democratic Republic of
the Congo, and the Republic of South Africa. These examples suggest
that in dryland land areas, climate change is playing a big role in in-
creasing the risk of pest attack to different crops, expanding the range
of insect population (lannella et al. 2021).

Insects can get well adapted to their surroundings. For dryland ar-
eas also, to avoid the harsh climatic conditions and to thrive well, in-
sects undergo physiological, morphological, and behavioral modifica-
tions. Some insects have a protective layer of hair around their body to
prevent the loss of water during high heat waves and to reduce heat
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absorption by the body. They also spend much of their time under-
ground in the soil or somewhere where the conditions are more favor-
able to live, and in such a way insects can escape the outside hotter
environment. For example, in dryland areas, the dormancy of larvae
of Sesamia occurs in the stalks of the sorghum plant in the hot sum-
mer season. However, in the case of irrigated areas, the dormancy of
Sesamia occurs much later from the summers.

2.2 Pest Status

When insects escape their natural regulation via natural control
agents, they uplift their status to pests, causing harm to humankind.
Insects carried to a new region by human activities reduce the avail-
ability of particular natural enemies in the new place, thereby ampli-
fying the pest population. Lack of natural control over pest popula-
tions helps the pest to achieve the levels where it can start causing
economic damage (e.g., swarms of locusts grazing the farms). Cli-
mate change has a significant impact on the status of various agricul-
tural insect pests. Researchers use different methods to forecast how
the variation in temperature and precipitation may affect the exist-
ing status of insect pests, their abundance, and distributions. Chang-
ing climatic conditions has resulted in several pest outbreaks around
the world. The warmer climate has facilitated the spread of fall army-
worm Spodoptera frugiperda across countries attacking maize and mil-
lets including sorghum.

Another most devastating spreading pest is the desert locust, which
has caused menace in the fields of African and Southeast Asian coun-
tries. Dessert locus usually lives in its solitary phase, but under certain
circumstances, they change their behavior to the gregarious phase
where their population becomes dense. The only single climatic fac-
tor does not result in huge outbreaks; instead a combination of ris-
ing temperature, heavy rainfalls preceded by multiple cyclones, and
strong winds has provided a favorable environment for locust breed-
ing, its development, and migration (Salih et al. 2020; Meynard et al.
2020). Desert locust consumes a variety of green vegetation includ-
ing crops, shrubs, grasses, and trees. This shows the stronger impact
of changing climatic conditions on pests and encourages them to
thrive as major pests, thus resulting in risking food security. This not
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only affects the small-scale farmers and their livelihoods but also the
people residing in countries where food availability is already at risk.

2.3 Invasive Insect Species

Invasive species pose a greater problem to agriculture success and can
severely affect food security. These are the non-native species that are
introduced to new geographical areas as a result of man-made activ-
ities. Due to increased global warming, globalization, high trade, in-
ternational travel, and tourism, the introduction of invasive species to
countries where they were not previously present is expected to be
more. In the United States, crop loss of almost $40 billion is estimated
to occur from invasive species present in the cropland and forest areas
(Paini et al. 2016). As the invasive pests move from their native place
to a completely new place, they avoid their regulation by their natu-
ral enemies like predators or parasitoids and attack on native plants.
Recent examples of the most serious invasive pests around the world
include desert locust Schistocerca gregaria movement from South Af-
rica to East Asia, fall armyworm invasion in India, red turpentine bee-
tle Dendroctonus valens that originated from North America and in-
vaded China, spotted lanternfly introduction in North America native
to China, and Asian tiger mosquito Aedes albopictus invasion in South
America (Venette and Hutchison 2021).

Climate change inflicts direct effects on invasive pest biology and
their behavior. The introduction of these pests, their establishment
in the non-native area, distribution, and the success of their mitiga-
tion tactics are projected to be impacted by climate change. Global
warming has a direct effect on plant physiology, like changes in the
flowering time of temperate plant species; this facilitates the intro-
duction of new pests to new regions and causes crop losses. Recently
in 2020, the outbreak of desert locust S. gregaria in drylands of Afri-
can countries and its movement to Southeast Asia have displayed a
great example of how climate change has imposed severe threats to
food security across the nations. High temperature coupled with pre-
cipitations and heavy winds provided favorable environmental condi-
tions for its reproduction, growth, and movement. This explains that
climate change played a significant part in providing conditions suit-
able for locust outbreaks (Karthik et al. 2021). Some insects have the
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ability to thermoregulate to overcome the harsh temperature and en-
vironmental conditions, increasing their possibility to invade the new
geographic region. In the case of S. gregaria, it uses different thermo-
regulatory strategies like perching, stilting, and blending with vege-
tation to maintain their body temperature up to 40 °C to sustain the
extreme temperature of 28-56 °C (Maeno et al. 2021).

Other invasive species include fall armyworm (FAW), S. frugiperda,
which is a chewing herbivore that causes severe devouring of the host
plant. This pest has previously invaded Africa, but in 2018 and 2019,
it has been distributed to many countries like China, Indonesia, Aus-
tralia, India, Japan, Thailand, and Myanmar. Undoubtedly, the increase
in temperature has an impact on the developmental rates of pests
which affects their biology, dispersal, and richness. Insects grow and
develop in the defined temperature range which is suitable for their
body but changes in the temperature can influence their development
rates, reproduction, and life cycle and ultimately affect their subsis-
tence. Their body metabolism increases when there is an increase in
ambient temperature closer to a thermal optimum of pests (Karthik
et al. 2021). Due to the multivoltine nature of FAW, it is anticipated to
have more generations per year due to the effect of climate change
(Sparks et al. 2007).

3 Impact on Pest Management Strategies
3.7 Chemical Control

The use of pesticides is the first choice of farmers for the control of
pests and it is preferred over the other control methods due to its
easy availability and quick and sure action against the target organ-
isms. On the other hand, ill effects such as pest resistance, resur-
gence, secondary pest outbreak, and destruction of natural enemies
may occur (Khan et al. 2011). However, the injudicious use of synthetic
pesticides results in human health hazards, environmental pollution,
and pest resurgence (Sharma 2014). Therefore, the choice of pesti-
cide plays a key role in sustainable crop production in dryland areas.
Based on the residue persistence of pesticides, less persistent chem-
icals can be used. Indiscriminate use of pesticides may interfere with
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plant development and help in managing crop production by killing
competitive vegetation. But increased pesticide usage may affect soil
quality (Arias-Estévez et al. 2008), food safety (Liu et al. 1995), human
health (Nawaz et al. 2014), aquatic species (Skevas et al. 2013), and
beneficial insects (Mullen et al. 1997). However, deployment of plant
origin insecticides, growth regulators, attractants, and even synthetic
pyrethroids can fit well in the IPM.

Due to the change in the climatic pattern of the dryland areas, there
may be the occurrence of an increase in insect pest outbreaks, and it
will eventually increase chemical usage which is likely to have a neg-
ative effect on the environment. Insect pests under changing climatic
patterns of drylands for sustainable crop production can be managed
by using suitable crop protection chemicals. However, in dryland ar-
eas, the effectiveness of crop protection chemicals could be affected
due to changes in temperature, precipitation patterns, and physiolog-
ical and morphological changes of crop plants (Coakley et al. 1999).
Before insects establish themselves in protected feeding sites and to
avoid the problem of resistance, the synchronization of the use of
pesticides at the time of egg hatching and early instars of pests re-
sults in the best control. The time gap between pesticide application
and weather conditions is the major cause for the loss of pesticides
(Blenkinsop et al. 2008; Nolan et al. 2008). Higher temperatures in dry-
land areas can cause faster uptake of pesticides by the plants and ul-
timately increase the toxicity to pests. Pertaining to the efficacy of in-
secticides, there is the belief that some of the pesticides may result in
greater toxicity to insect pests with the increasing temperature (Noyes
and Lema 2015; Noyes et al. 2009). However, de Beeck et al. (2017)
reported chlorpyrifos degradation and hydrolysis at higher temper-
atures that result in reduced mortality and less oxidative damage to
insect pests (Hooper et al. 2013). Also, an increased temperature re-
sults in volatilization loss of pesticides (Otieno et al. 2013). Likewise,
rainfall can result in increased pesticide wash-off and ultimately re-
duce the efficiency of pesticides to control the pest. To avoid pesti-
cide wash-off instead of liquid, the use of granular formulations is less
liable to be washed off by rainfall and also has lower drift instead of
foliar spray applications.

In dryland areas, an increase in pest infestation results in the
greater use of chemical pesticides. On the other hand, excess usage
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of pesticide could have detrimental effects on other beneficial or-
ganisms and ultimately results in the greater loss of crops due to
the abundance of pests in the absence of biocontrol agents. Under
changing climatic conditions, medium-range forecasting of weather
can help in the prediction of rainfall patterns that will be helpful to
avoid the application of pesticides under impending rainy conditions.
Regular monitoring helps to undertake control interventions at the
right time, thus helping in the easy and effective management of the
small population of pests in dryland areas. Generally, pesticide losses
are mainly affected by the time gap between extreme weather con-
ditions and pesticide application (Blenkinsop et al. 2008; Nolan et al.
2008). Therefore, it is crucial to develop novel molecules which can
balance the ill-effects of conventional chemicals and reduce the im-
pact on natural enemies.

3.2 Cultural and Physical Control

To avoid insect pest damage in dryland areas, there is a need for suit-
able control tactics. Cultural methods are eco-safe as well as sustain-
able and do not require any additional budget for the control of in-
sect pests. Alteration of cropping system, including crop production
practices like crop variety selection, sowing, intercultural operations
such as tillage, sanitation, crop irrigation activities, pruning and thin-
ning, etc., can be adopted in the agro-ecosystem for sustainable crop
production in dryland areas. So, there is a necessity for planning these
activities in advance. These activities make the environment less at-
tractive for pest establishment, dispersal, growth, reproduction, and
survival, ultimately helping in reducing the pest population (Reddy
2016). Regular cultural practices can help in eliminating the carryover
of pest populations (Koul et al. 2004). Other activities like crop mulch-
ing and composting are responsible for enhancing the spiders, earth-
worms, predators, and parasitoid populations that are responsible
for controlling insect pests (Thomson and Hoffmann 2007). Contrast-
ingly, the addition of large amounts of decomposable organic matter
in the surface soil may stimulate the population of white grubs Ho-
lotrichia oblita or cutworms Agrotis ipsilon and Agrotis segetum that
would result in the complete loss of the crop by cutting the roots of
cereals under severe incidence (Giller et al. 2009). Reduced tillage in
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the field favors natural enemy populations (Sharley et al. 2008). In-
adequate use of fertilizers may increase the insect population; there-
fore, need-based use of a pesticide may reduce the infestation of in-
sect pests and help in sustaining crop production in dryland areas
(Litsinger 1994). Intercropping in dryland areas has huge importance
for the management of pests such as dryland rice intercropped with
cotton or pigeon pea, resulting in lowering the number of green leaf-
hoppers and white-backed planthoppers (Satpathy et al. 1997). In-
tercropping rice with Pontederia cordata reduced 33-34% of infesta-
tion of the rice leaf folder (Xiang et al. 2021). In dryland areas, cover
crops have been shown to enhance the ground beetles and natural
enemies’ population for controlling insect pests (DuPre et al. 2021).
Cover crops can provide habitat and food for several beneficial or-
ganisms (Jian et al. 2020).

Crop planting in dryland areas can inhibit many aquatic insects.
Pruning, thinning, and clipping off of seedlings inhibit egg-laying of
many insects, hence reducing the risk of insect pest infestation in the
field. The movement of pests can be inhibited by installing barriers
that help to reduce the risk of insect pests such as non-flying army-
worm larvae, ants, locust nymphs, chinch bugs, etc. from one field
to another field. Plowing of fields exposes insect pests to extreme
weather conditions and straw burning can kill them by heat. Dense
planting of crops may interfere with crop growth, its development, and
microclimate and cause obstructions for flying insects (Litsinger 1994).
On the other hand, flooding conditions in the field may kill soil-inhab-
iting insect pests such as armyworm, cutworm, etc. Trapping insects
using sticky colored traps may reduce the infestation of pests. Ad-
hikari and Menalled (2018), reported higher diversity of ground bee-
tles and weeds in organic fields compared to conventionally managed
wheat fields, enhanced conservation biological control, and sustain-
able agriculture in dryland cropping systems. Drosophila melanogas-
ter fecundity was better under the influence of both temperature and
relative humidity rather than individually (Maurya et al. 2021). Simi-
larly, the lower incidence of Riptortus pedestris and Clavigralla gibbosa
in early sown cowpea was due to their negative correlation with rela-
tive humidity, rainfall, and rainy days in the dryland ecosystem (Prasad
et al. 2021). Mulching shows an abundance of parasitoid Hymenop-
tera, ground beetles, and spiders collected with pitfall traps; also in
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the canopy cover, the number of parasitic and predatory Diptera and
predatory Hemiptera was increased in vineyard fields (Thomson and
Hoffmann 2007).

3.3 Host Plant Resistance

The use of insect-resistant crops has revolutionized the area of pest
management strategies. The insect-proof plants reduce the insect pest
population in an eco-friendly manner (Chakravarthy et al. 2019). The
ability of insects to develop resistance against insecticidal traits calls
for the development of novel and durable pest management strate-
gies. While the host plant resistance acts as a sustainable practice to
manage insect pests, the duration of development of insect-resistant
plants, the risk of development of resistance in insects, and specifi-
cally the abiotic factors influence the efficacy of insect-resistant plants
are some of the bottlenecks in the area of host plant resistance (Stout
2014). In previous decades, host plant resistance has made signifi-
cant progress and acquired sufficient space to become a part of inte-
grated pest management programs. Despite the significant progress,
there has been a potential lag in translating the research to practi-
cal solutions.

Abiotic factors play an important role in utilizing insect-resistant
crops since they possess the ability to modulate the plant defense
responses to insects. For instance, wild cotton plants under dry con-
ditions have been shown to enhance the plant defenses and conse-
quently decrease the insect attack (Abdala-Roberts et al. 2019). Con-
trastingly, drought stress did not elevate the plant defenses such as
jasmonates and protease inhibitors in tomatoes (Ximénez-Embun
et al. 2017). Several reports show that sap-sucking insects are pre-
dicted to cause more damage to drought-stressed plants and subse-
quently lead to cause more vector-borne diseases (Nachappa et al.
2016; Sconiers and Eubanks 2017; Florencio-Ortiz et al. 2018). Mon-
arch caterpillars have also been shown to grow better on water-def-
icit milkweed plants (Hahn and Maron 2018). However, the variabil-
ity in insect performance depends on the intensity of water-deficit
and herbivore type.

Specifically, thrips and whiteflies are the main vectors of plant
pathogens. Thus, abiotic factors may not only affect the insect
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feeding but also involve the risk of higher viral disease incidence.
Thrips have been reported to cause significant damage in cotton and
onions under water-deficit conditions (Fournier et al. 1995; Sconiers
and Eubanks 2017). Simultaneously, it could be more complex for
insects such as whiteflies. Whiteflies prefer to grow on plants un-
der dry conditions at the expense of lower oviposition rates (Paris
et al. 1993; Inbar et al. 2001). Thus, understanding insect biology is
very crucial while engineering plants for insect resistance. Plants not
only respond locally to defend against insects, but they also trans-
mit systemic signals to other parts of the plants. The resistance sig-
nals can also travel from aboveground to belowground and vice
versa. In maize, it has been shown that belowground herbivory in-
duces aboveground resistance to insects and the resistance levels
have been associated with the reduced quality of the leaves due to
in-planta hydraulic changes (Erb et al. 2011). This study provides an-
other perspective on induced plant resistance under dry conditions.
Recently, the fall armyworm, Spodoptera frugiperda, has expanded its
range in the United States and caused significant yield losses and the
underlying reasons have been mainly attributed to climate change
(Miedaner and Juroszek 2021).

Antixenosis, antibiosis, and tolerance constitute the main categories
of host plant resistance (Smith 2004). Antibiosis has been the most ex-
tensively studied category among the plant breeding approaches for
pest management (Sharma and Ortiz 2002; Stout 2014). Therefore, it
becomes crucial to explore the antixenosis and tolerance categories
of host plant resistance in order to compensate for plant yield losses
caused by insect damage (Peterson et al. 2017; Grover et al. 2020).
Though dry conditions can alter the plant defense status, it is still a
reliable and stable strategy compared to others. But there is a need
for improvements in insect resistance breeding approaches that are
suitable for dryland farming. Breeding for drought-tolerant and in-
sect-resistant traits together can help to manage the insect pest man-
agement in changing trends.

Simultaneously, there will be a strong need to assess the risk of the
spread of other insects and pathogens favored by dry conditions in
the breeding process (Fig. 1).
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Fig. 1 Changing climatic conditions in drylands can impact insect pests indirectly
and directly. Changing climatic trends affect the plant resistance, biology of natural
enemies, and chemical insecticide efficacy, which further impact the pest biology
positively or negatively. Direct effects of changing climate involve changes in pest
biology.

3.4 Biological Control

Biological control involves the utilization of living organisms, preda-
tors, parasites, and pathogens for the control of pests. The strategy is
considered safe and eco-friendly, compatible with other IPM technol-
ogies. Since the biological agents are slow-acting and take more time
to be effective, they are less used by farmers. Though there are re-
ports suggesting the decreased abundance of the predators and par-
asitoids in dryland landscapes, this approach could act as a safeguard
to reduce the crop yield losses caused by insect damage, if managed
sustainably (Adhikari et al. 2019). Abiotic factors can impact the bi-
ology of insect pests and their natural enemies as well. Therefore, it
is very important to understand insect biology with changing trends
and quantify the impact of dryland conditions on the efficacy of nat-
ural enemies. In order to minimize the reduction in natural enemies’
performance, several agronomic measures can be adopted. For in-
stance, cover crops have been suggested to enhance communities of
ground beetles, a natural predator of insect pests, in dryland cropping
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systems (DuPre et al. 2021). Also, multi-cropping has been suggested
over monoculture for effective pest management (Palmu et al. 2014).

Furthermore, organic farming in dryland landscapes has been
shown to increase the biodiversity of plants supporting natural ene-
mies’ populations by strengthening ecological networks (Adhikari et
al. 2019). Entomopathogenic nematodes (EPNs) can also serve as a
biocontrol agent to control the insect pests. In dryland landscapes,
EPNs have been suggested to be sprayed with polymer gel to prevent
nematode desiccation (Shapiro-llan et al. 2016). Also, further investi-
gations are required to identify the drought-tolerant EPN strains which
could be better utilized in dryland farming. Moreover, the other cate-
gory of natural enemies to insects, entomopathogens, can vary in their
effectiveness from one location to another depending on the weather
conditions (Mandakini and Manamgoda 2021). 452 R. Kashyap et al.

4 Conclusions

Climate change is inevitable, and its effects are visible on the insect
pest population, directly and indirectly affecting agriculture (Chander
et al. 2016). The challenging issue of food security has made dryland
agriculture more and more important; especially in these changing
climate times, we need to develop adaptation strategies for sustain-
able agriculture production (Jat et al. 2012). Some of these strate-
gies include efficient utilization and management of natural resources
and use of genetically improved crops, coupled with adequate so-
cio-economic policies. Diversifying agriculture systems through con-
servation agriculture is another strategy that can help combat these
changes (Pedrick 2012). Climate change mitigation in drylands can
be addressed by the conservation and restoration of ecosystems in
drylands. The dryland ecosystem can be enriched by perennial plants
which will improve the soil health and increase CO2 sequestration and
population of predators in a well-maintained ecosystem. The adop-
tion of climate resilience strategies in drylands involves the use of
drought-tolerant crops, drought-resistant crop varieties, water-effi-
cient agronomic practices, modified existing pest management strate-
gies, and development of next-generation crop protection compounds
that work efficiently in high temperatures (IUCN 2019).
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Besides improving pest management strategies, it also becomes
important to evaluate and monitor climate change critically and early
predict the changes in the insect populations and use the global in-
formation system (GIS) for invasive species and assessment of pest risk
(Cook 1932). The use of new-generation pesticides, genetically mod-
ified organisms, biotechnological approaches, etc. is one of the latest
reliable techniques which need more future explorations. The use of
artificial neural networks (ANN) in combination with appropriate da-
tabases and software such as semi-automated digital image encod-
ing systems might have practical implications in studying insect sys-
tems (Fedor et al. 2009). The trends in the pest population of drylands
due to dynamic climatic factors can be predicted using various climate
models (Tang et al. 2021). The use of deep learning and image-based
technologies is important for correct insect pest diagnosis (Xin and
Wang 2021). The disease forecasting models earlier based on algo-
rithms can be strengthened now by the use of deep learning and Al-
based tools. These strategies coupled with adequate research and ex-
tension can help mitigate some of the challenges and problems faced
by the agriculture sector in drylands due to the changing climate and
onset of rapid variations in insect pest scenarios.
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