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Introduction 

Agriculture is influenced by climatic parameters like increased 

temperature, changing precipitation patterns and rising 

atmospheric CO2 levels, etc., which are together termed global 

climate change (GCC) (1). It is an important issue that the modern-

day world currently experiences (1). Animal kingdom surfaces 

major disturbances due to these climatic shifts such as changes in 

their diversity and abundance, especially of arthropods, their 

geographical distribution, activity and abundance of natural 

enemies, newer insect biotypes and herbivore-plant interactions, 

etc. (2). However, during the last 100 years, climate change effects 

have increased multiple times (3). There can be altered 

interspecific interaction, altered synchrony between plants and 

pests, increased range of geographic distribution, increased 

number of generations, increased survival during overwintering, 

increased risk of invasion by migratory pests, increased incidence 

of insect-transmitted plant diseases and reduced effectiveness of 

biological control like predators and parasitoids due to climatic 

variations as well as efficacy of insecticides (4). These 

environmental changes have also led to increased disease and pest 

outbreaks, worsening of soil conditions, water shortages, drought 

and desertification, etc. (5). Due to shifting climatic conditions, 

insect populations (roughly two-thirds of all animal species) are 

exposed to unusual stresses (6). They are susceptible to 

environmental alterations because of their sensitivity to 

temperature, short generation times, high reproductive capacity, 

etc. (7). Changes in ambient temperature influence prey ingestion 

rates of ectothermic predators (8). Likewise, the pest population is 

also supposed to change along with climate change (9). 

 The selection of climate-resilient organisms, development 

of techniques and strategies in an effective manner oriented to 

agriculture for improving performance and production is the only 

way to overcome the problems perceived because of GCC (10). 

Knowledge of climate resilience is essential to build mitigation 

strategies to safeguard the agricultural sector’s susceptibility to 

climate change. The integration of resilient practices and the 

adaptation of those practices into agriculture will enhance the 

system’s capability to resist and recover from a wide range of 
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Abstract  

Natural enemies, such as predators and parasitoids, are essential for good agricultural ecosystems by regulating pest populations and 
maintaining ecological balance, which helps in reducing reliance on chemical pesticides and promotes sustainable farming practices. 

Climate change affects these organisms, disturbing insect distribution patterns, causing changes in their life cycles and potentially 

misaligning natural enemies with hosts or prey due to shifts in environmental conditions. Such disruptions reduce their effectiveness in 
pest control, undermining agroecosystem balance. However, generalist natural enemies (e.g., lacewings, spiders, ladybugs) can adapt 

more flexibly to climate shifts due to their broader diet and habitat range, offering resilience against such changes. The review explores 

strategies to enhance the climate resilience of natural enemies, including habitat management and conservation practices they depend 

on. Proactive measures to safeguard these organisms are vital for maintaining their role in pest regulation despite climate change. 
Strengthening the adaptability of natural enemies can ensure continued natural, sustainable pest control, supporting food security, 

sustainable agricultural practices and biodiversity protection. The paper also elaborates on how climate-smart pest management (CSPM) 

can improve pest control as the climate changes. By helping these organisms adapt through CSPM, these beneficial insects may continue 

to play a key role in natural pest management, which supports food security, sustainable farming and biodiversity and the environment. 
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climate change interferences and is known as climate-resilient 

agriculture (11). Therefore, maintaining ecosystem stability and 

guaranteeing efficient biological control in the face of the stresses 

of GCC requires improving climatic resilience in natural enemies 

through their selection, conservation and incorporation into 

adaptive pest management techniques (10). This comprehensive 

review analyses current scientific knowledge on climate change 

effects on natural enemies in agricultural systems, focusing on 

temperature, precipitation and atmospheric CO2 impacts on 

predators, parasitoids and beneficial arthropods. The urgent need 

to understand climate-driven disruptions in biological control 

effectiveness necessitates developing climate-smart pest 

management strategies that support sustainable agriculture and 

food security. 

Natural enemies: cornerstones of ecosystem functioning 

Among their many ecological functions, natural enemies 

significantly contribute to essential ecosystem services such as 

pest control, pollination and organic matter decomposition in 

agricultural systems. These services include biological pest control, 

cross-pollination and decomposition (12). In the United States, 

beneficial arthropods such as bees, parasitoids and predators 

generate ecosystem services valued at $ 8 billion, contributing to 

agricultural productivity and reducing pesticide inputs. These 

natural enemies are essential components of pest regulation 

systems, targeting a wide range of insect pests and minimizing 

crop damage through biological suppression. Predatory beetles, 

spiders, hoverflies and parasitoid wasps are among the most 

effective agents, exerting top-down control that supports yield 

stability and environmental sustainability (13). The effectiveness of 

these arthropod natural enemies is strongly influenced by 

landscape features and resource availability, especially during 

periods when pests are scarce or climatic conditions are 

suboptimal. Natural enemies of crop pests, including parasitic 

wasps and predatory insects, are often harboured by native 

vegetation, acting as mutualists with plant defense mechanisms 

(14, 15). The conservation of these natural enemies is critical for 

multiple reasons, including reducing pesticide use, protecting the 

environment, adopting suitable crop varieties for higher yields, 

promoting biodiversity, preventing secondary pest outbreaks, 

improving soil health, supporting sustainable farming and building 

resilience against climate change (16).  

 Habitat management, a form of conservation biological 

control that provides natural enemies with essential resources 

such as alternative prey, hosts, shelter and food sources during 

adverse climatic conditions. The goal is not just to attract natural 

enemies but to enable them to persist and exert long-term pest 

suppression across cropping cycles (17). Tritrophic interactions 

reveal the complex interconnections between host plants, 

herbivores and their natural enemies, significantly influencing the 

prey-seeking behaviours of predators and parasitoids. Natural 

enemies do not interact with herbivores in isolation; instead, their 

ability to locate, attack and regulate pest populations is 

frequently mediated by plant-derived cues or by herbivore 

modifications of the host plant. For example, plant structural 

complexity, chemical defences, or nutrient composition may alter 

the foraging success and efficiency of parasitoids and predators, 

sometimes enhancing or impeding their biological control 

potential (15). Natural enemies rely on various chemical stimuli 

from pests to gather critical information, including pest 

population numbers, species identification, predation or 

parasitism status and hiding behaviour (18). Changing climatic 

conditions, particularly temperature increase, can substantially 

impact pest populations, potentially leading to biological and 

physiological changes that amplify pest reproduction and increase 

the number of generations per season. Climate change can 

influence migration patterns, forcing natural enemies to shift their 

geographical ranges in search of suitable environmental 

conditions. This movement may not always align with that of their 

target pests, leading to localized pest outbreaks in regions where 

natural enemy pressure has declined. In some cases, extreme 

weather events such as droughts or unseasonal rains may also 

directly reduce natural enemy populations, particularly those with 

limited dispersal abilities or narrow environmental tolerance (19). 

Ultimately, biological control facilitated by these natural enemies, 

remains the primary ecosystem service delivered to agriculture 

worldwide. Thus, understanding the ecological relationships 

among natural enemies is essential for optimizing their collective 

impact. It is not just the presence of multiple species, but how they 

interact, coexist and partition resources that determines the 

stability and success of natural pest control (20). 

Climate change impacts on natural enemies 

Climate change significantly impacts pest populations through 
complex direct and indirect mechanisms. The temperature rise 

induces profound changes in insect metabolism, mobility, 

metamorphosis and host availability, which ultimately influence 

pest population dynamics (9). Notably, insects’ metabolic rates 

can double with a mere 10 °C increase in temperature (21). These 

changes affect both plants and insects through interconnected 

pathways: direct effects modify climate-sensitive characteristics 

of insects and plants, while indirect effects alter interactions at 

higher trophic levels involving natural enemies such as predators, 

parasitoids and pathogens (22).  

 The consequences of climate change propagate through 

ecological systems, with modifications at any trophic level directly 

impacting related individuals due to their intricate 

interconnections (22). Climate change will substantially influence 

the distribution, abundance and temporal occurrence of pests, 

consequently affecting the biological control mechanisms by 

their natural enemies. Dolichogenidea tasmanica, a braconid 

wasp that parasitizes E. postvittana eggs or larvae. Under warmer 

conditions, its spatial dispersal may shift, potentially creating a 

phenological mismatch with its host (23). Herbivores are 

managed through two primary mechanisms: top-down control 

by natural enemies and bottom-up control based on the quality 

and availability of host plants essential for their survival and 

reproduction (22). In diverse ecosystems like agriculture and 

forestry, herbivorous insects play a crucial role by linking host 

plants and natural enemies in tri-trophic interactions. For 

instance, there is a report that elevated ozone disrupts herbivore-

induced volatile signals from lima beans attacked by the two-

spotted spider mite (Tetranychus urticae), which in turn impairs 

the attraction and efficiency of predatory mites such as 

Phytoseiulus persimilis, reducing natural enemy suppression of this 

key pest (24). Climate change is expected to alter the phenology, 

spatial distribution and functional responses of predators and 

parasitoids, potentially disrupting their synchronization with host 

prey and compromising their effectiveness as biological control 

agents. For example, warming was found to influence the 
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interaction between the corn leaf aphid (Rhopalosiphum maidis) 

and its natural enemies, where elevated temperatures reduced 

the protective behaviour of winter ants, thereby enhancing the 

effectiveness of predatory beetles like Harmonia axyridis in 

suppressing aphid populations (25). Climate change is not limited 

to rising temperatures-it also includes more frequent and intense 

cold extremes. These lower temperature events can be just as 

harmful to insects, especially parasitoids, which rely on delicate 

physiological and ecological balances for survival. Although some 

parasitoids have evolved remarkable adaptations such as freeze 

tolerance, supercooling and diapause to endure cold, 

unpredictable or severe drops in temperature can still lead to 

lethal or sublethal effects, disrupt host-parasitoid synchrony and 

increase the risk of local extinction. Thus, climate change poses a 

dual threat, not only through heat stress but also through cold 

stress, making both ends of the thermal spectrum critical for 

insect survival (26). Sublethal consequences of exposure to 

extreme temperatures on natural enemies are given in Table 1 

and alterations in natural enemies according to climate change is 

given in Fig. 1. Under most situations, lower temperature is less 

abrupt and it can result in adaptation or migration; the real issue 

is of higher temperature and we need to know how the predatory 

behaviour of insects is altered with rising temperature. Predators 

and parasites ratio under high temperature is important for the 

management strategy as mentioned below. 

Influence of climate change on biocontrol efficiency 

Understanding the life stages of pests and their natural enemies is 

crucial for effective biological control, with life table analysis serving 

as a key ecological method to study predator-prey and host-

parasitoid relationships. Climate change significantly disrupts this 

delicate ecological balance by altering the timing between pests 

and their natural enemies, as the growth of arthropods is 

fundamentally temperature-dependent. Higher temperatures can 

shorten growth periods, making pests more vulnerable and 

accelerating their development, which consequently impacts the 

effectiveness of biological control strategies (27). The phenomenon 

of phenological synchronization becomes critical in this context, 

where the timing of life cycles can determine the success of pest 

management. Different species respond variably to temperature 

changes, creating potential mismatches that compromise 

biological control effectiveness. A compelling example is the 

parasitoid Tamarixia radiata, which targets Diaphorina citri : at 35 °

C, it grows faster but experiences lower survival and parasitism 

rates, while at 20 °C, its development is too slow to effectively 

parasitize the pest. The optimal temperature of 27.5 °C represents a 

critical point where the parasitoid’s development aligns perfectly 

with the pest’s vulnerable stages (28). 

 Temperature variations also impact beneficial 
microorganisms like Wolbachia and Buchnera, which are essential 

for parasitoid health, further complicating biological control 

mechanisms. The house fly presents an intriguing contrast, 

adapting more rapidly to increasing temperatures due to its greater 

genetic diversity and shorter developmental cycle. Unlike its 

hymenopteran parasitoids, whose reproductive success 

dramatically decreases under high temperatures, the house fly 

maintains its fecundity, potentially leading to more frequent pest 

outbreaks with global warming. Among the studied parasitoids, 

Muscidifurax raptor demonstrated the most significant heat 

tolerance (29). Successful biological control in warming 

environments depends on multiple interconnected factors, 

including species’ dispersal capacity, humidity levels and broader 

ecological variations. The intricate relationships between pests, 

natural enemies and environmental conditions underscore the 

complexity of maintaining effective biological control strategies in 

the face of climate change (30). 

How insects survive in changing climate 

Insects have evolved sophisticated mechanisms to survive 

sudden temperature changes, with heat shock proteins (HSPs), 

particularly HSP70, serving as critical protective agents. These 

molecular bodyguards shield and repair proteins during heat 

stress, demonstrating remarkable adaptive capabilities. For 

instance, flesh flies exposed to 40 °C for 2 hr could subsequently 

survive an ordinarily lethal temperature of 45 °C, with heat 

resistance persisting for 72 hr despite the protective proteins’ 

active period lasting only 24 hr (31). The heat stress response 

involves a complex network of protective mechanisms, including 

heat shock proteins, biogenic amines and neuroendocrine factors 

that safeguard the nervous system and vital organs. Higher 

temperatures accelerate metabolism, often favouring smaller 

body sizes to minimize energy expenditure. Thermal perception 

in insects, exemplified by Drosophila melanogaster, involves 

specialized thermoreceptor neurons located in the brain’s 

Category Effect Distribution Example Reference 

Size Decreased size 
Premature feeding cessation at low 

temperatures reduces adult size. 

Sarcophaga bullata:smaller adults 
after cold exposure.  

Trichogramma carverae:reduced 
size after exposure to 10°C or 

lower. 

(26) 

Longevity Reduced lifespan Cold exposure during immature stages 
reduces adult longevity. 

Adult Scelionidae showed reduced 
lifespan after cold exposure. 

Fecundity 

Lower reproductive output 
Females surviving cold exposure show 

reduced fecundity, proportional to 
temperature and duration. 

Telenomus podisi and A. 
galleriae:up to 80 % reduction. 

  

No effect during proper 
diapause 

When immatures enter diapause, cold 
exposure has little effect on fecundity. 

Trichogramma brassicae:no 
fecundity decreases after 5 months 

outdoors in Switzerland. 

Impaired foraging and host 
location 

Parasitoids emerging from chilled 
pupae show reduced response to host-

related cues. 

Microplitis demolitor:no response 
to volatile semiochemicals after 

cold exposure. 

Parasitoid endosymbionts 

Reduced endosymbiont 
density or loss 

Low temperatures can reduce or 
eliminate endosymbionts, affecting 

reproduction or host interaction. 

Wolbachia and Buchnera strains 
decline or are lost during 

prolonged diapause or high-
temperature exposure. 

Reproductive shift 
Temperature shifts can restore 

bisexual reproduction by eliminating 
Wolbachia. 

Trichogramma spp. shifts from 
parthenogenesis to bisexual 

reproduction after heat exposure. 

Table 1. Sublethal consequences of exposure to extreme temperatures on natural enemies 
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anterior cells and arista, which detect temperature variations 

through changes in ion flow across neuronal membranes. 

Temperature shifts trigger the release of neurotransmitters, 

neuromodulators and neurohormones, facilitating neural 

communication and physiological adaptations. At elevated 

temperatures, hemolymph levels of juvenile hormone and 20-

hydroxy-ecdysone increase, regulating critical processes like 

diapause. Insects employ multiple thermo-regulatory strategies, 

including cuticular modifications, evaporative cooling, muscle 

activity and behavioural adaptations. In extreme heat conditions, 

insects may induce a reversible heat coma-a sophisticated energy 

conservation mechanism controlled by neurons in the 

metathoracic ganglion-to manage gas exchange and protect vital 

physiological functions (32). 

Survival strategies of natural enemies 

Increasing temperature, increasing concentration of greenhouse 

gases and changes in precipitation patterns are the key climate 

change effects (33). These changes in the environment will affect 

and make changes in every species’ ecosystem functioning, 

interaction networks, physiology and ecology and community 

composition (34). The feeding capacity of predators and 

parasitoids will also change according to the changes happening 

in the climate (35). And these changes will produce strong 

impacts on the tritrophic interaction as well as the biocontrol of 

pests (36). The studies conducted earlier revealed that increased 

CO2 concentration in the atmosphere affects the third trophic 

level (natural enemies) (37). External and internal mechanisms 

with respect to climate change will make the natural enemies 

suffer. Internal mechanisms include how abiotic factors directly 

affect an organism concerning climate change (38). External 

mechanisms are indirect effects like changed distribution, 

physiology or phenology of host plants and their pests (39). To 

predict how climate change will impact different communities, 

it’s vital to study both the indirect effects across various trophic 

levels and the direct effects on each level. This approach helps us 

understand the underlying processes and interactions in the 

ecosystem (23). During the last few years, experiments have 

assessed the direct effect on natural enemies of every single 

abiotic factor related to climate change. For instance, parasitoid 

dispersal rate, fecundity, survival rate, parasitism and 

developmental rates are greatly influenced by temperature (40). 

According to thermal performance curves, the activity of 

parasitoids will increase when the temperature rises to an 

optimum level. After that, the performance of the parasitoids will 

decrease due to the rise in temperature more than the needed 

temperature (39). The optimum temperature needed for 

parasitoids to survive and perform their maximum is reported to 

 

Fig. 1. Alterations in natural enemies according to climate change- increased temperature will lead to an increased number of generations and 
increased overwintering survival of the pests, desynchronisation with pests and their natural enemies, desynchronisation with host plant, and 

geographic range expansion. 
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be less than their host temperature and increasing the 

temperature due to climate change will affect parasitoid 

efficiency (41). Likewise, alterations in the precipitation and CO2 

levels were also reported to be detrimental to natural enemies. 

It’s crucial to remember that elevated CO2    can directly influence 

parasitoids and predators, even though changes in lower-level 

components often impact higher-level components (42). 

Crucially, increased CO2 can alter the natural enemies, such as 

parasitoids and predators, to sense their surroundings, making it 

more challenging for them to pick up on crucial indications like 

smells. This occurs because their olfactory receptors become less 

sensitive. Over time, the brain cells that receive these signals may 

become less sensitive, which might impact their reactions to their 

surroundings (43). Alterations in precipitation were also studied 

and it was shown that they affect the behaviour and physiology of 

natural enemies (44). Insects and arachnids possess a waxy 

cuticle that prevents water loss from their body during drought 

(45). Drought makes the predators and parasitoids hide in the soil, 

build shelters, or migrate to avoid desiccation and thus it leads to 

their reduced foraging activity (46).  

 Studies on single climatic factors that affect natural enemies 

of herbivores are more than how the combined and interactive 

effects of different parameters affect natural enemies (47). The 

impact of climate change on pest control is crucial to maintain 

genetic diversity, as this enables predator species to better adapt to 

changing environmental conditions, allowing them to continue 

managing pest populations efficiently, which in turn helps to keep 

ecosystems balanced and stable (48). Spider populations from 

higher latitudes found it difficult to control grasshopper populations 

as temperatures rose effectively (49). However, spiders collected 

from areas with high temperatures showed a significant reduction in 

this effect, indicating that these populations had successfully 

adapted to the heat. These findings suggest that natural predator 

species can adapt to changing environmental conditions along with 

the pests they control as long as they have enough time to evolve a 

diverse gene pool within their populations and proper gene flow 

between populations (50). The discovery shows that the 

effectiveness of having multiple natural enemies improves under 

higher temperatures. Having a variety of natural enemies at normal 

temperatures does not significantly enhance pest control. At 3˚C 

higher temperatures, the combination has a more substantial and 

more beneficial impact. Higher predation rates, i.e., predators 

consume more pests and improved collaboration between various 

natural enemy species, were two examples of this shift, which 

occurred more frequently at higher temperatures (51). Different 

populations within a species can vary in their heat tolerance based 

on location. Populations in colder regions, typically at higher 

latitudes or elevations, are generally more vulnerable to 

temperature increases compared to populations in warmer areas, 

often found closer to the equator. This difference occurs because 

cold-adapted populations are physiologically suited to cooler 

conditions, making them more affected by warming. Conversely, 

populations from warmer areas have adaptations that help them 

cope with high temperatures, so they show less sensitivity when 

temperatures rise (52). The ability of a species to react to changes in 

its environment depends on several different ways it can adapt. 

While these adaptive responses are primarily controlled by the 

species’ genes, it is helpful to break them down into different 

systems that are responsible for how the species immediately reacts 

to changes in temperature, food availability, or other environmental 

factors. These systems help the species survive and function as 

conditions around them change (53). 

How to help helpful insects thrive 

Climate-Smart Pest Management (CSPM) is an innovative 

approach that leverages natural enemies such as parasitoids, 

diseases and predators to control pest populations in the context 

of changing climate conditions. This strategy encourages 

agricultural practices that include growing diverse crops and 

creating natural habitats to support these biological control 

agents, ultimately reducing pest problems and enhancing 

ecosystem resilience. CSPM focuses on comprehensive pest and 

climate monitoring, risk prediction and proactive management, 

enabling farmers to make informed decisions and take preventive 

actions before pests can cause significant damage (54). The core 

principle of CSPM is to create a supportive environment that 

enhances the role of natural enemies, making pest control more 

adaptable to climate change. This approach recognises that pest 

control strategies can be both short-term and long-term, aligning 

with broader climate change adaptation techniques that aim to 

reduce risks using current risk management strategies (55). 

Anticipating and identifying future pest outbreaks 

As the climate changes, more pests are moving to cooler areas and 

higher altitudes. For instance, the southern green stink bug has 

spread through Europe and Japan since the 1960s because of 

warmer winters. The black coffee twig borer, which usually 

damages coffee plants below 1400 m, has been found at 1800 m, 

causing crop losses in higher areas like Uganda, where many farms 

are family-run and have lower yields. CSPM highlights the need for 

the use of models to understand the pests better and create 

effective control methods. To improve preparedness, Climate-

smart pest management (CSPM) encourages using predictive 

models and early warning systems. These tools combine weather, 

crop and pest data to help farmers know about pest outbreaks in 

advance, before they become serious. CSPM also supports making 

pest risk maps that show which areas are more likely to face 

problems. This helps in planning quick and effective actions. By 

promoting better monitoring and faster responses, CSPM helps 

reduce crop loss, avoid too much pesticide use and make farms 

more resilient (54).  

Role of weeds in maintaining natural enemies 

Weed plants harbour many insects and are a must for their 

survival. Weeds have a direct correlation with climate change. 

Increasing temperature also moves weeds to higher elevations 

and has been reported in many countries, particularly North 

America (56-58). Weeds offer alternative prey, nectar and habitat 

to predators and parasitoids, even when crop pests are not 

present, helping maintain natural enemies year-round (59). 

Weeds provide alternative prey, nectar, pollen and microhabitats 

that sustain predatory and parasitoid species year-round, even 

when crop pests are scarce. These resources help maintain 

populations of natural enemies such as lady beetles 

(Coccinellidae), predatory flies (Syrphidae) and spiders, especially 

under stress from temperature and drought. Under warming 

scenarios, diverse weed cover can moderate microclimates (e.g. 

shading, humidity retention) that support natural enemies' 

survival and activity. Such structural complexity helps preserve 

predator-prey synchrony and resilience, indirectly enhancing pest 

suppression even as pests accelerate their life cycles (60).                      
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A study conducted at a grapevine FACE facility (~ 480 ppm vs.           

~ 400 ppm CO₂) found that under elevated CO₂ for Riesling vines, 

specifically L. botrana eggs were larger and better parasitized by  

T. cacoeciae than under ambient CO₂ conditions. This resulted in 

higher parasitoid emergence rates, indicating that elevated CO₂ 

did not decrease biological control and may even improve 

suppression in certain cultivar systems (61). The role of weeds in 

maintaining natural enemies is given in Fig. 2. 

Strengthening farms and landscapes for pest resilience 

Farms with more biodiversity can handle extreme weather like 

droughts and storms more effectively (62). CSPM supports crop 

diversification to improve farm biodiversity. Adopting climate-

smart pest management (CSPM) or broader climate-smart 

approaches like agroforestry in countries characterized by small 

land holdings and high population pressure is feasible (63). This 

helps grow the population of natural enemies. Switching from 

planting a single crop (mono-cropping) to growing different crops 

in strips (strip-cropping) provides safe spaces for these natural 

enemies to live and control pests (64). Farms with a variety of 

plants performed better than those with little or no plant diversity. 

They had less crop damage, more natural pest enemies and fewer 

herbivores (62). Factors enhancing natural enemy efficiency in a 

changing climate is given in Table 2. 

 

Conclusion and Future Prospects 

To sustain effective pest control under changing climate 

conditions, it is crucial to conserve resilient natural enemies such 

as Trichogramma cacoeciae, lady beetles (Coccinellidae), 

predatory flies (Syrphidae), spiders and Muscidifurax raptor.                

T. cacoeciae has shown adaptability not only to rising 

temperatures but also to elevated CO₂ levels, maintaining high 

parasitism rates under such conditions. M. raptor demonstrates 

the highest heat tolerance among the studied parasitoids, 

remaining effective as temperatures increase. Supported by 

diverse habitats like weed-covered areas, these natural enemies 

continue to suppress pests even during climatic stress. Prioritizing 

their conservation can boost ecological stability, reduce reliance on 

chemical control and support sustainable agriculture in a changing 

climate. Habitat conservation, restoration and sustainable land 

management are key strategies to strengthen the resilience of 

natural enemies. Protecting biodiversity-rich areas and promoting 

diverse agricultural landscapes helps enhance the survival and 

effectiveness of predators and parasitoids. Investment in research- 

including ecological modelling, remote sensing and field studies-can 

improve predictions of climate impacts and guide better pest 

management strategies. Collaboration among scientists, farmers 

and policymakers is essential to develop innovative, climate-resilient 

solutions. Enhancing the resilience of natural enemies can reduce 

reliance on chemical pesticides, support sustainable agriculture and 

safeguard ecosystem services, ensuring long-term food security and 

ecological stability. 
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Fig. 2. Role of weeds in maintaining natural enemies. 

Table 2. Factors enhancing natural enemy efficiency in a changing climate 

Factor Mechanism of support Natural enemies benefited  Positive outcome Reference 

Genetic diversity 
Enables adaptation to rising 

temperatures and other stressors 
Spiders, Muscidifurax raptor, 

others 
Improved heat tolerance, 

continued pest suppression (29) 

Weed cover and plant 
diversity 

Provides nectar, pollen, alternative 
prey, and refugia during climatic 

stress 

Lady beetles, Syrphid flies, 
Spiders 

Sustained populations year-
round; enhanced pest 

suppression 
(60) 

Habitat management 
Creates microclimates and 

continuous resources; reduces 
climate exposure 

Generalist predators, 
parasitoids 

Increased abundance, foraging, 
and persistence of natural 

enemies 
(17) 

Crop diversification Supports natural enemy diversity 
and stabilizes food webs 

Generalist predators, 
parasitoids 

Maintains enemy-prey balance 
even under climate variability 

(63) 

CSPM adoption 
Promotes early warning, risk 

prediction, and enemy conservation 
All types of beneficial insects 

Climate-informed pest control 
decisions enhance biocontrol 

success 
(54) 

Heat shock protein (HSP) 
expression 

Increases thermal resilience in 
natural enemies 

Insects like flesh flies, others Survival under heat stress and 
improved recovery 

(31) 

Thermal adaptation by 
local populations 

Local acclimatization to regional 
climate conditions 

Spiders, House flies Maintained efficiency despite 
regional warming 

(50) 

https://plantsciencetoday.online


7 

Plant Science Today, ISSN 2348-1900 (online) 

Authors' contributions 

AM prepared the manuscript. VB reviewed and approved the 

final version of the manuscript. ES contributed to editing, 

summarizing and revising specific sections of the manuscript. 

TS assisted in summarizing results and refining the 

manuscript language. BKS participated in editing and 

restructuring the manuscript content. MM and  VS 

contributed to revising the manuscript and improving clarity. 

All authors read and approved the final version of the 

manuscript. 

 

Compliance with ethical standards 

Conflict of interest: Authors do not have any conflicts of 

interest to declare. 

Ethical issues: None 

  

References 

1. Malhi GS, Kaur M, Kaushik P. Impact of climate change on 
agriculture and its mitigation strategies: a review. Sustainability. 

2021;13(3):1318. https://doi.org/10.3390/su13031318 

2. Sharma HC. Climate change effects on insects:implications for crop 
protection and food security. J. Crop Improv. 2014;28(2):229–59. 

https://doi.org/10.1080/15427528.2014.881205 

3. Arora NK. Impact of climate change on agriculture production and 
its sustainable solutions. Environ Sustain. 2019;2(2):95–6. https://

doi.org/10.1007/s42398-019-00078-w 

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

https://doi.org/10.3390/insects12050440  

5. Kurukulasuriya P, Rosenthal S. Climate change and agriculture: a 
review of impacts and adaptations [Internet]. Washington (DC): 

World Bank; 2013 [cited 2025 Aug 11]. (Environment department 
papers; no. 91. Climate change series). Available from: http://

hdl.handle.net/10986/16616 

6. Harvey JA, Heinen R, Gols R, Thakur MP. Climate change-mediated 
temperature extremes and insects: From outbreaks to breakdowns. 

Glob. Chang. Biol. 2020;26(12):6685–701. https://doi.org/10.1111/
gcb.15377  

7. Pureswaran DS, Roques A, Battisti A. Forest insects and climate 

change. Curr For Rep. 2018;4:35–50. https://doi.org/10.1007/s40725
-018-0075-6  

8. Feit B, Blüthgen N, Daouti E, Straub C, Traugott M, Jonsson M. 

Landscape complexity promotes resilience of biological pest 
control to climate change. Proc R Soc B. 2021;288(1951):20210547. 
https://doi.org/10.1098/rspb.2021.0547 

9. Shrestha S. Effects of climate change on agricultural insect pests. 
Acta Sci Agric. 2019;3(12):74–80. https://doi.org/10.31080/

ASAG.2019.03.0727 

10. Douxchamps S, Debevec L, Giordano M, Barron J. Monitoring and 
evaluation of climate resilience for agricultural development–A 

review of currently available tools. World Dev. Perspect. 2017;5:10–
23. https://doi.org/10.1016/j.wdp.2017.02.001  

11. Rao CS, Kareemulla K, Krishnan P, Murthy GRK, Ramesh P, 

Ananthan PS. Agro-ecosystem-based sustainability indicators for 
climate resilient agriculture in India: a conceptual framework. Ecol 

Indic 2019;105:621–33. https://doi.org/10.1016/
j.ecolind.2018.06.038  

12. Gardiner MM, Prajzner SP, Burkman CE, Albro S, Grewal PS. Vacant 

land conversion to community gardens: influences on generalist 
arthropod predators and biocontrol services in urban green spaces. 

Urban Ecosyst. 2014;17:101–22. https://doi.org/10.1007/s11252-013-

0303-6  

13. Isaacs R, Tuell J, Fiedler A, Gardiner M, Landis D. Maximizing 
arthropod-mediated ecosystem services in agricultural landscapes: 
the role of native plants. Front Ecol Environ. 2009;7(4):196–203. 

https://doi.org/10.1890/080035  

14. Macfadyen S, Muller W. Edges in agricultural landscapes:species 
interactions and movement of natural enemies. PLoS One. 2013;8

(3):e59659. https://doi.org/10.1371/journal.pone.0059659  

15. Price PW, Bouton CE, Gross P, McPheron BA, Thompson JN, Weis AE. 
Interactions among three trophic levels: influence of plants on 

interactions between insect herbivores and natural enemies. Annu 
Rev Ecol Syst. 1980;11:41–65. https://doi.org/10.1146/

annurev.es.11.110180.000353  

16. Macfadyen S, Davies AP, Zalucki MP. Assessing the impact of 
arthropod natural enemies on crop pests at the field scale. Insect 

Sci. 2015;22(1):20–34. https://doi.org/10.1111/1744-7917.12174 

17. Landis DA, Wratten SD, Gurr GM. Habitat management to conserve 
natural enemies of arthropod pests in agriculture. Annu Rev 

Entomol. 2000;45(1):175–01. https://doi.org/10.1146/
annurev.ento.45.1.175  

18. Vet LEM, Dicke M. Ecology of infochemical use by natural enemies in 
a tritrophic context. Annu Rev Entomol. 1992;37:141–72. https://
doi.org/10.1146/annurev.en.37.010192.001041 

19. Sridhar J, Kumar KK, Murali-Baskaran RK, Senthil-Nathan S, Sharma 
S, Nagesh M. Impact of climate change on communities, response 
and migration of insects, nematodes, vectors and natural enemies in 

diverse ecosystems. In: Singh DP, Singh AK, Kumar S, editors. Global 
climate change: resilient and smart agriculture. Singapore: Springer; 

2020. p. 69–93. https://doi.org/10.1007/978-981-32-9856-9_4   

20. Martin EA, Reineking B, Seo B, Steffan-Dewenter I. Natural enemy 
interactions constrain pest control in complex agricultural 

landscapes. Proc Natl Acad Sci U S A. 2013;110(14):5534–9. https://

doi.org/10.1073/pnas.1215725110 

21. Dukes JS, Pontius J, Orwig D, Garnas JR, Rodgers VL, Brazee N. 
Responses of insect pests, pathogens and invasive plant species to 
climate change in the forests of northeastern North America: what 

can we predict? Can J For Res. 2009;39(2):231–48. https://

doi.org/10.1139/X08-171   

22. Jamieson MA, Trowbridge AM, Raffa KF, Lindroth RL. Consequences 
of climate warming and altered precipitation patterns for plant-

insect and multitrophic interactions. Plant Physiol. 2012;160
(4):1719–27. https://doi.org/10.1104/pp.112.206524  

23. Thomson LJ, Macfadyen S, Hoffmann AA. Predicting the effects of 
climate change on natural enemies of agricultural pests. Biol Cont. 

2010;52(3):296–306. https://doi.org/10.1016/j.biocontrol.2009.01.022 

24. Boullis A, Francis F, Verheggen FJ. Climate change and tritrophic 
interactions: Will modifications to greenhouse gas emissions 

increase the vulnerability of herbivorous insects to natural 

enemies? Environ Entomol. 2015;44(2):277–86. https://
doi.org/10.1093/ee/nvu019 

25. Barton BT, Ives AR. Direct and indirect effects of warming on aphids, 
their predators and ant mutualists. Ecology. 2014;95(6):1479–84. 

https://doi.org/10.1890/13-1977.1  

26. Hance T, van Baaren J, Vernon P, Boivin G. Impact of extreme 
temperatures on parasitoids in a climate change perspective. Annu. 

Rev. Entomol. 2007;52(1):107–26. https://doi.org/10.1146/

annurev.ento.52.110405.091333 

27. Luis CRA, Xu LI, Komivi A, Bamisile BS, Moreano JPS, Zhiyang L. Host
–parasitoid phenology, distribution and biological control under 
climate change. Insects. 2023;14(1):6. 

28. Ramos Aguila LC, Hussain M, Huang W, Lei L, Bamisile BS, Wang F. 
Temperature-dependent demography and population projection of 
Tamarixia radiata (Hymenoptera: Eulophidea) reared on Diaphorina 

citri (Hemiptera: Liviidae). J Econ Entomol. 2020;113(1):55–63. 

https://doi.org/10.3390/su13031318
https://doi.org/10.1080/15427528.2014.881205
https://doi.org/10.1007/s42398-019-00078-w
https://doi.org/10.1007/s42398-019-00078-w
https://doi.org/10.3390/insects12050440
http://hdl.handle.net/10986/16616
http://hdl.handle.net/10986/16616
https://doi.org/10.1111/gcb.15377
https://doi.org/10.1111/gcb.15377
https://doi.org/10.1007/s40725-018-0075-6
https://doi.org/10.1007/s40725-018-0075-6
https://doi.org/10.1098/rspb.2021.0547
https://doi.org/10.31080/ASAG.2019.03.0727
https://doi.org/10.31080/ASAG.2019.03.0727
https://doi.org/10.1016/j.wdp.2017.02.001
https://doi.org/10.1016/j.ecolind.2018.06.038
https://doi.org/10.1016/j.ecolind.2018.06.038
https://doi.org/10.1007/s11252-013-0303-6
https://doi.org/10.1007/s11252-013-0303-6
https://doi.org/10.1890/080035
https://doi.org/10.1371/journal.pone.0059659
https://doi.org/10.1146/annurev.es.11.110180.000353
https://doi.org/10.1146/annurev.es.11.110180.000353
https://doi.org/10.1111/1744-7917.12174
https://doi.org/10.1146/annurev.ento.45.1.175
https://doi.org/10.1146/annurev.ento.45.1.175
https://doi.org/10.1146/annurev.en.37.010192.001041
https://doi.org/10.1146/annurev.en.37.010192.001041
https://doi.org/10.1007/978-981-32-9856-9_4
https://doi.org/10.1073/pnas.1215725110
https://doi.org/10.1073/pnas.1215725110
https://doi.org/10.1139/X08-171
https://doi.org/10.1139/X08-171
https://doi.org/10.1104/pp.112.206524
https://doi.org/10.1016/j.biocontrol.2009.01.022
https://doi.org/10.1093/ee/nvu019
https://doi.org/10.1093/ee/nvu019
https://doi.org/10.1890/13-1977.1
https://doi.org/10.1146/annurev.ento.52.110405.091333
https://doi.org/10.1146/annurev.ento.52.110405.091333


ARYA ET AL  8     

https://plantsciencetoday.online 

https://doi.org/10.1093/jee/toz247  

29. Biale H, Geden CJ, Chiel E. Heat adaptation of the house fly (Diptera: 
Muscidae) and its associated parasitoids in Israel. J Med Entomol. 

2020;57(1):113–21. https://doi.org/10.1093/jme/tjz152 

30. Deutsch CA, Tewksbury JJ, Tigchelaar M, Battisti DS, Merrill SC, 
Huey RB. Increase in crop losses to insect pests in a warming 

climate. Science. 2018;361(6405):916–9. https://doi.org/10.1126/
science.aat3466  

31. Neven LG. Physiological responses of insects to heat. Postharvest 
Biol Technol. 2000;21(1):103–11. https://doi.org/10.1016/S0925-
5214(00)00169-1  

32. González-Tokman D, Córdoba-Aguilar A, Dáttilo W, Lira-Noriega A, 
Sánchez-Guillén RA, Villalobos F. Insect responses to heat: 
physiological mechanisms, evolution and ecological implications in 

a warming world. Biol Rev. 2020;95(3):802–21. https://
doi.org/10.1111/brv.12588  

33. Pachauri RK, Allen MR, Barros VR, Broome J, Cramer W, Christ R. 
Climate change 2014:synthesis report. Contribution of Working 
Groups I, II and III to the Fifth Assessment Report of the 

Intergovernmental Panel on Climate Change. Geneva: IPCC, 2014. 

34. Abdala-Roberts L, Puentes A, Finke DL, Marquis RJ, Montserrat M, 
Poelman EH. Tri-trophic interactions: bridging species, 

communities and ecosystems. Ecol Lett. 2019;22(12):2151–67. 
https://doi.org/10.1111/ele.13392  

35. Rosenblatt AE, Schmitz OJ. Climate change, nutrition and bottom-
up and top-down food web processes. Trends Ecol Evol. 2016;31
(12):965–75. https://doi.org/10.1016/j.tree.2016.09.009 

36. Vidal MC, Murphy SM. Bottom-up vs. top-down effects on terrestrial 
insect herbivores: a meta-analysis. Ecol Lett. 2018;21(1):138–50. 
https://doi.org/10.1111/ele.12874  

37. Holton MK, Lindroth RL, Nordheim EV. Foliar quality influences tree-
herbivore-parasitoid interactions: effects of elevated CO 2, O 3 and 
plant genotype. Oecologia. 2003;137:233–44. https://

doi.org/10.1007/s00442-003-1351-z  

38. Cornelissen T. Climate change and its effects on terrestrial insects 
and herbivory patterns. Neotrop Entomol. 2011;40:155–63. https://

doi.org/10.1590/S1519-566X2011000200001  

39. Chidawanyika F, Mudavanhu P, Nyamukondiwa C. Global climate 
change as a driver of bottom-up and top-down factors in 

agricultural landscapes and the fate of host-parasitoid interactions. 
Front Ecol Evol. 2019;7:80. https://doi.org/10.3389/fevo.2019.00080 

40. Selvaraj S, Ganeshamoorthi P, Pandiaraj T. Potential impacts of 
recent climate change on biological control agents in agro-
ecosystem: a review. Int J Biodivers Conserv. 2013;5(12):845–52. 

41. Furlong MJ, Zalucki MP. Climate change and biological control: the 

consequences of increasing temperatures on host–parasitoid 
interactions. Curr Opin Insect Sci. 2017;20:39–44. https://

doi.org/10.1016/j.cois.2017.03.006  

42. Jun Chen F, Wu G, Parajulee MN, Ge F. Impact of elevated CO2 on the 
third trophic level: a predator Harmonia axyridis and a parasitoid 

Aphidius picipes. Biocontrol Sci Technol. 2007;17(3):313–24. https://
doi.org/10.1080/09583150701211814  

43. Draper AM, Weissburg MJ. Impacts of global warming and elevated 

CO2 on sensory behaviour in predator-prey interactions: a review 
and synthesis. Front Ecol Evol. 2019;7:72. https://doi.org/10.3389/

fevo.2019.00072  

44. Barnett KL, Facey SL. Grasslands, invertebrates and precipitation: a 
review of the effects of climate change. Front Plant Sci. 2016;7:1196. 

https://doi.org/10.3389/fpls.2016.01196  

45. Sylvain ZA, Wall DH, Cherwin KL, Peters DPC, Reichmann LG, Sala 
OE. Soil animal responses to moisture availability are largely scale, 

not ecosystem-dependent: insight from a cross-site study. Glob 
Chang Biol. 2014;20(8):2631–43. https://doi.org/10.1111/gcb.12522 

46. Melguizo-Ruiz N, Jiménez-Navarro G, Moya-Laraño J. Beech cupules 

as keystone structures for soil fauna. Peer J. 2016;4:e2562. https://

doi.org/10.7717/peerj.2562  

47. Van Doan C, Pfander M, Guyer AS, Zhang X, Maurer C, Robert CAM. 
Natural enemies of herbivores maintain their biological control 
potential under short-term exposure to future CO2, temperature 

and precipitation patterns. Ecol Evol. 2021;11(9):4182–92. https://

doi.org/10.1002/ece3.7314  

48. Hoffmann AA, Sgrò CM, Kristensen TN. Revisiting adaptive potential, 
population size and conservation. Trends Ecol Evol. 2017;32(7):506–

17. https://doi.org/10.1016/j.tree.2017.03.012 

49. Barton BT. Local adaptation to temperature conserves top-down 
control in a grassland food web. Proc R Soc B Biol Sci. 2011;278
(1721):3102–7. https://doi.org/10.1098/rspb.2011.0030   

50. Thurman JH, Crowder DW, Northfield TD. Biological control agents 
in the Anthropocene: current risks and future options. Curr Opin 
Insect Sci. 2017;23:59–64. https://doi.org/10.1016/j.cois.2017.07.006 

51. Jonsson M, Kaartinen R, Straub CS. Relationships between natural 
enemy diversity and biological control. Curr Opin Insect Sci. 
2017;20:1–6. https://doi.org/10.1016/j.cois.2017.01.001  

52. Schmitz OJ, Barton BT. Climate change effects on behavioural and 
physiological ecology of predator–prey interactions: implications 
for conservation biological control. Biol Cont. 2014;75:87–96. 

https://doi.org/10.1016/j.biocontrol.2013.10.001 

53. Tauber MJ. Seasonal adaptations of insects. Oxford: Oxford 
University Press; 1986:7–10. 

54. Heeb L, Jenner E, Cock MJW. Climate-smart pest management: 
building resilience of farms and landscapes to changing pest 
threats. J Pest Sci. (2004). 2019;92(3):951–69. https://

doi.org/10.1007/s10340-019-01083-y  

55. Howden SM, Soussana JF, Tubiello FN, Chhetri N, Dunlop M, Meinke 
H. Adapting agriculture to climate change. Proc Natl Acad Sci U S A. 

2007;104(50):19691–6. https://doi.org/10.1073/pnas.0701890104  

56. Ziska LH. Climate, CO2 and invasive weed management. In: Dukes 
JS, Mooney HA, editors. Invasive species and global climate change. 

Wallingford (UK): CABI; 2014. p. 293–304. https://
doi.org/10.1079/9781780641645.0293 

57. Ramesh K, Matloob A, Aslam F, Florentine SK, Chauhan BS. Weeds 

in a changing climate: vulnerabilities, consequences and 
implications for future weed management. Front Plant Sci. 

2017;8:95. https://doi.org/10.3389/fpls.2017.00095 

58. Anwar MP, Islam AKMM, Yeasmin S, Rashid MH, Juraimi AS, Ahmed 
S, et al. Weeds and their responses to management efforts in a 

changing climate. Agronomy. 2021;11(10):1921. https://
doi.org/10.3390/agronomy11101921 

59. Paredes D, Cayuela L, Gurr GM, Campos M. Is ground cover 

vegetation an effective biological control enhancement strategy 
against olive pests? PLoS One.2015;10(2):e0117265. https://

doi.org/10.1371/journal.pone.0117265 

60. Dyer LA, Richards LA, Short SA, Dodson CD. Effects of CO2 and 
temperature on tritrophic interactions. PLoS One. 2013;8(4):e62528. 

https://doi.org/10.1371/journal.pone.0062528 

61. Moreau J, Richard A, Benrey B, Thiéry D. Host plant cultivar of the 
grapevine moth Lobesia botrana affects the life history traits of an 

egg parasitoid. Biol Cont. 2009;50(2):117–22. https://
doi.org/10.1016/j.biocontrol.2009.03.017 

62. Altieri MA. Insect pest management in the agroecosystems of the 

future. Atti Accad Naz Ital Entomol. 2012;60(40):137–44. 

63. Bouri M, Arslan KS, Şahin F. Climate-smart pest management in 
sustainable agriculture: Promises and challenges. Sustainability. 

2023;15(5):4592. https://doi.org/10.3390/su15054592 

64. Lin BB. Resilience in Agriculture through crop diversification: 
adaptive management for environmental change. BioScience 

[Internet]. 2011 [cited 2025 Jul 28]; 61(3):183–93. Available from: 
https://doi.org/10.1525/bio.2011.61.3.4  

https://plantsciencetoday.online
https://doi.org/10.1093/jee/toz247
https://doi.org/10.1093/jme/tjz152
https://doi.org/10.1126/science.aat3466
https://doi.org/10.1126/science.aat3466
https://doi.org/10.1016/S0925-5214(00)00169-1
https://doi.org/10.1016/S0925-5214(00)00169-1
https://doi.org/10.1111/brv.12588
https://doi.org/10.1111/brv.12588
https://doi.org/10.1111/ele.13392
https://doi.org/10.1016/j.tree.2016.09.009
https://doi.org/10.1111/ele.12874
https://doi.org/10.1007/s00442-003-1351-z
https://doi.org/10.1007/s00442-003-1351-z
https://doi.org/10.1590/S1519-566X2011000200001
https://doi.org/10.1590/S1519-566X2011000200001
https://doi.org/10.3389/fevo.2019.00080
https://doi.org/10.1016/j.cois.2017.03.006
https://doi.org/10.1016/j.cois.2017.03.006
https://doi.org/10.1080/09583150701211814
https://doi.org/10.1080/09583150701211814
https://doi.org/10.3389/fevo.2019.00072
https://doi.org/10.3389/fevo.2019.00072
https://doi.org/10.3389/fpls.2016.01196
https://doi.org/10.1111/gcb.12522
https://doi.org/10.7717/peerj.2562
https://doi.org/10.7717/peerj.2562
https://doi.org/10.1002/ece3.7314
https://doi.org/10.1002/ece3.7314
https://doi.org/10.1016/j.tree.2017.03.012
https://doi.org/10.1098/rspb.2011.0030
https://doi.org/10.1016/j.cois.2017.07.006
https://doi.org/10.1016/j.cois.2017.01.001
https://doi.org/10.1016/j.biocontrol.2013.10.001
https://doi.org/10.1007/s10340-019-01083-y
https://doi.org/10.1007/s10340-019-01083-y
https://doi.org/10.1073/pnas.0701890104
https://doi.org/10.1079/9781780641645.0293
https://doi.org/10.1079/9781780641645.0293
https://doi.org/10.3389/fpls.2017.00095
https://doi.org/10.3390/agronomy11101921
https://doi.org/10.3390/agronomy11101921
https://doi.org/10.1371/journal.pone.0117265
https://doi.org/10.1371/journal.pone.0117265
https://doi.org/10.1371/journal.pone.0062528
https://doi.org/10.1016/j.biocontrol.2009.03.017
https://doi.org/10.1016/j.biocontrol.2009.03.017
https://doi.org/10.3390/su15054592
https://doi.org/10.1525/bio.2011.61.3.4


9 

Plant Science Today, ISSN 2348-1900 (online) 

Additional information 

Peer review: Publisher  thanks Sectional Editor and the other anonymous 
reviewers for their contribution to the peer review of this work. 

Reprints & permissions information is available at https://
horizonepublishing.com/journals/index.php/PST/open_access_policy 

Publisher’s Note: Horizon e-Publishing Group remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations. 

Indexing: Plant Science Today, published by Horizon e-Publishing Group, is 
covered by Scopus, Web of Science, BIOSIS Previews, Clarivate Analytics, 
NAAS, UGC Care, etc 

See https://horizonepublishing.com/journals/index.php/PST/
indexing_abstracting 

Copyright: © The Author(s). This is an open-access article distributed under 
the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution and reproduction in any medium, provided the 
original author and source are credited (https://creativecommons.org/
licenses/by/4.0/) 

Publisher information:  Plant Science Today is published by HORIZON e-
Publishing Group with support from Empirion Publishers Private Limited, 
Thiruvananthapuram, India. 

https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

