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Abstract: 

Insect pest pose a significant threat to global agriculture, causing substantial yield losses 

and economic damages. To combat these pests, plants have evolved a multitude of defense 
mechanisms, including various morphological changes. These changes encompass a wide 

range of adaptations, including alterations in leaf structure, the development of specialized 

structures, and changes in root morphology. These morphological adjustments are often 
accompanied by changes in plant physiology and biochemistry, collectively constituting an 

integrated defense strategy. Morphological changes occur in plants both above and below-

ground level. Climate change can alter temperature, humidity, precipitation patterns, and 
distribution of pests, which in turn leads to various morphological changes in plants in 

relation to leaf thickness and texture, trichome density, altered flowering and seed 

production etc. Climate-driven adaptations can influence the interactions between plants 

and herbivores, potentially leading to shifts in the composition of plant and pest 

communities over time. 
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2.1 Introduction: 

Plants as sessile organisms have evolved intricate defense mechanisms to counteract the 

myriads of challenges presented by their dynamic environment. Among these challenges 
insect pests pose a significant threat to plant survival, exerting selective pressure that has 

driven the development of a diverse array of adaptive strategies (Skendžić et al., 2021). 

Insect pests ranging herbivorous to parasite represent one of the most potent selective 

pressures on plants. As herbivorous consume plant tissues for sustenance impose a constant 
threat to fitness of plants (Miller & Raman, 2018). The relationship between plants and 

insects represents a complex web of interactions, ranging from mutualistic to antagonistic, 

each employ an array of strategies to ensure its survival and reproductive success (Nepi et 
al., 2018). This dynamic interplay has driven the co-evolution of plants and insects, leading 

to an evolutionary arm race characterized by remarkable and counter adaptations. As plant 

develops defense mechanism to deter herbivory insects evolve counter strategies to 

overcome these barriers (War et al., 2012).   
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This escalation of adaptation is a driving force behind the remarkable changes observed in 
plants in response to insect pests. Morphological changes in plants as a response to insect 

pests are multifaceted and can encompass alterations at various organizational levels, from 

cellular structure to entire plant organs. These changes can be rapid, occurring within hours 
of herbivore attack, or may develop gradually as a part of a longer-term defense strategies. 

They often entail shift in plant growth patterns, resource allocations, and structural 

modifications, all aimed at deterring herbivores, mitigating damage, and ultimately 

enhancing plant survival and reproduction. These adaptations can be categorized into those 
occurring above the ground, below the ground, and even at the structural level. Structural 

modifications such as development of thornes, prickles and spines further discourage 

herviorous from feeding on plants. These hardened structures often arise from modified 
leaves or stems; create physical barriers that prevent formidable challenge to would be 

herbivore. Furthermore, plants have developed a sophisticated array of chemical defense 

that is deeply interwined with their morphological adaptations. This defense manifest as 
secondary metabolites such as alkaloids, terpenoids, and phenolic compounds, effectively 

deployed chemical weaponry that repel herbivores and or attack their natural predators thus 

creating a delicate ecological balance. Understanding the mechanisms that underlie these 

morphological changes require a comprehensive exploration of intricate signaling 
pathways, hormonal network and genetic factor that orchestrate the plants response. In this 

chapter we have discussed the diverse morphological adaptations that plant employ in 

response to pest pressure and also the role of abiotic factors in shaping plant morphology.  

2.1.1 Morphological Adaptation of Plants above Ground: 

Plants adapt to environmental stress by altering their metabolism, flowering, growth, and 
reproduction; and by migrating toward areas with more favorable climatic conditions. 

Climate change has significant effects on the morphological adaptation of plants above 

ground level. Here are some impacts: 

A. Increased leaf area: Leaf morphological traits vary systematically along climatic 
gradients.  Rising temperature and elevated carbon dioxide levels can stimulate 

photosynthesis in plants, leading to increased leaf area. This allows plants to capture 

and utilize more sunlight for energy production (Gamage et al., 2018). There are two 

mechanisms identified by which this happens: wall extensibility, which progressively 
alters the leaf over time and permanently enlarges it, or osmotic regulation, which has 

a transient effect that causes leaves to grow in size. The different leaf diameters of plants 

growing in the same habitat are anticipated to have unique thermal regulation capacities 
that affect leaf water loss and heat loss. 

B. Altered leaf shape and size: The use of leaf morphological attributes for species 

identification dates back to long time and is frequently recognized as diagnostic of 
species. These traits include leaf colour, shape, orientation, and degree of marginal 

dissection. changes in temperature, moisture availability, and CO2 level can influence 

leaf morphology. For example, in response to higher temperature, plants may develop 

larger, thinner, leaves to enhance the heat dissipation through transpiration (Vicente-
serrano et al., 2022). Different mechanisms have developed to control plastic, 

heterophyllous responses to changes in temperature and light quality as well as 

heteroblastic changes in leaf shape in response to photosynthesis. 
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C. Shift in flowering and fruiting patterns: Climate change can disrupt flowering and 
fruiting cycle of plants. In some case warming temperature can induce early flowering 

affecting pollination and seed production. This can also lead to desynchronization 

between plant and pollinator species (Freimuth et al., 2022). It has been noted that 
angiosperm flowering times advance with climate change, but it is unclear whether 

fruiting dates also vary as a result of moving flowering times, or whether they react to 

climate change differently or not at all. 

D. Change in Plant height: As temperature increase, Plant may exhibit vertical growth to 
seek cooler and moisture rich environment (Reich et al., 2018). There are some 

significant elements influencing plant growth: Temperature: As the temperature rises, 

growth quickens. Light: A plant's physiological activities are influenced by the amount, 
type, and quality of light available. Water: A plant's ability to grow depends on water. 

The majority of plant issues are brought on by environmental stress, either directly or 

indirectly. In some circumstances, a plant is directly harmed by unfavourable 
environmental conditions (such not enough water). Other times, environmental stress 

weakens a plant, making it more prone to illness or insect assault. 

E. Trichome: Trichomes are hair like structure found on the leaves, stems and other plant 

parts. They serve various functions including, protection against herbivores, reducing 
water loss and reflecting sunlight (Jolivet, 2023). Secondary metabolites, such as 

terpenoids, flavonoids, and others that can repel, damage, and catch insects and other 

pests, are secreted by glandular trichomes, providing a variety of plant defenses. They 
can be found alone or sporadically in groups. They come in a variety of shapes and sizes 

and can be unicellular or multicellular. They range from tiny protuberances of the 

epidermal cells to intricate multicellular formations that are branching or stellate. Hair 

cells could have lived or dead cells. The hairs commonly lose the protoplasm inside of 
their cells. Climate changes have both direct and indirect impact on trichome formation 

in plants and on the morphology of trichomes. 

F. Increased trichome density: Higher temperature and increased UV radiations 
associated with climate change can stimulate the trichome formation in response to 

elevated stress levels. This can lead to an increase trichome density on plant surface 

(Punja et al., 2023). When stem water potential fell, the number of leaves trichomes 
rose, which increased the amount of visible light that the leaf reflected. Under water 

stress, cell and leaf growth were constrained, and epidermal cell size and trichome 

density showed negative relationships.  

G. Change in trichome shape, size and density: Trichomes have consistently been shown 
to be a useful phenotypic characteristic for identifying species' evolutionary and 

taxonomic relationships.  Trichome can produce chemical compounds that deter 

herbivores and pathogens. Morphology, density and dimensions relationships of 
subtypes of trichomes can be employed to find correlations between trichome 

characteristics with herbivore feeding intensity and behavior. In response to increased 

temperature, trichomes may become longer and more branched, maximizing their 
surface area to enhance cooling effects through increased transpiration (Wang et al., 

2021). 

H. Leaf hardening and sclerification: Climate change can lead to leaf hardening and 

sclerification in plants. Leaf hardening can refer to the process of leaves becoming 
tougher and more rigid, while sclerification refers the development of sclerenchyma 

cells, which are thick walled and provide additional support to the leaf structure. This 

process can be influenced by several factors related to climate change: 
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I. Drought Stress: increasing temperature and altered precipitation patterns associated 
with climate change can lead to more frequent and prolonged droughts (Jump et al., 

2017).  In response, plants may undergo leaf hardening and sclerification as mechanism 

to conserve water and reduce water loss through transpiration (Salleo & Nardini, 2000). 
Plant biomass output, quality, and energy are all hampered by drought stress, an 

unavoidable condition that occurs in many ecosystems with no clear bounds and 

warning. It is the most significant environmental stress brought on by changes in 

temperature, light intensity, and rainfall levels. 
J. Heat stress: Higher temperature can cause heat stress in plants, leading to the 

development of thicker and tougher leaves (Lipiec et al., 2013). Leaf hardening help 

protect the underlying tissues from excessive heat and reduce water loss (Wahid et al., 
2007). Extreme heat can cause oxidative stress, which damages plant cells and hinders 

their growth by generating reactive oxygen species (ROS); also, water stress is brought 

on by increased transpiration rates brought on by high temperatures, which reduce the 
quantity of water available to crops. 

K. Increased UV radiations: Climate change can result in higher level of UV radiations 

reaching the earth surface. Plants and microbes are directly impacted by ultraviolet 

(UV) radiation, which also changes the way that different species interact with one 
another. Various effects of UV radiation's three separate bands, UV-A, UV-B, and UV-

C, on plants and the microbes that live on them. While UV-A and UV-B primarily 

influence morphogenesis and phototropism, UV-B and UV-C significantly increase the 
formation of secondary metabolites. 

L. Cryptic coloration and mimicry: Changing climate can have significant impact on 

cryptic colorations and mimicry in plants. These adaptations are crucial for plants to 

blend it with their surroundings, avoid predations or exploit mimicry to gain benefits 
(Niu et al., 2018). Climate change can lead to shifts in vegetation patterns and seasonal 

timing. As a result, plant populations may no longer match their current surroundings, 

diminishing the effectiveness of cryptic colorations (Delhey & Peters, 2017). E.g., if 
snow cover can reduce in snowy habitat, plants with white colorations will be less 

camouflaged. Many plant species have evolved to mimic the appearance of other 

organisms such as insects or flowers (Jürgens et al., 2015). Climate change can disrupt 
the synchronization between phenology of mimicking plants and their targets (Forrest, 

2015). 

2.1.1 Morphological Changes below the Ground: 

Climate change can have significant impact on plant parts present below the ground 

including roots, tubers, rhizomes, and bulbs. 

A. Root system distribution: Climate change particularly changes in temperature and 
rainfall pattern can alter soil moisture availability. This can influence root system 

development and distribution (St. Clair & Lynch, 2010). Plants may develop deeper and 

more extensive root system in search of moisture in drought-prone region, while in 

water logged areas, they may develop shallower roots to access oxygen (Ding et al., 
2021). 

B. Root length and thickness: Change in temperature and soil moisture can influence the 

growth and size of roots. In warmer and drier conditions, plants may develop longer 
and thinner roots as they search for water and nutrients in the deeper soil layers 
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(Montagnoli et al., 2012). Conversely, in cooler and wetter conditions, plants may 
develop shorter and thicker roots to maximize nutrient uptake in shallow soil layers 

(Montagnoli et al., 2023). 

C. Changes in root exudates composition: Root exudates are organic compounds releasd 
by plant roots into the surrounding soil. They provide nutrient to surrounding soil. They 

provide nutrition to soil microorganisms, influence nutrient cycling, and interact with 

the rhizosphere (Lamichhane et al., 2023). Climate change particularly elevated CO2 

level and altered soil moisture, can affect the composition of root exudates, potentially 
altering microbial communities and nutrient dynamics in soil (Raza et al., 2023). 

D. Altered root hair proliferations: Root hairs are tiny, elongated outgrowths of root 

epidermal cells that increase the surface area for water and nutrient absorption (Adu et 
al., 2023). Tubular extensions known as root hairs grow from the epidermal cell layer 

in the differentiation zone. They are essential in increasing the root's surface area, which 

improves the root's ability to absorb water and nutrients from the soil. Climate change 
including change in temperature, precipitation, and change in soil moisture, can affect 

root hairs proliferation. In water stressed conditions plats may develop more hairs to 

increased water uptake. 

2.2 Structural Modifications in Plants due to Climate Change: 

Climate change can lead to various structural modifications in plants as they adapt to 

changing environmental conditions. Here are some examples: 

A. Change in plant height and architecture: The organization of the plant body in three 

dimensions is referred to as plant architecture. This covers the branching pattern, as 

well as the size, shape, and location of leaves and flower organs, for the sections of the 

plant that are above ground. Rising temperature and changing precipitation patterns can 
alter plant growth patterns. In response pants may undergo structural modifications such 

as changes in height, branches, and overall architecture (Prisa & Fresco, 2023). For 

instance in drought prone areas, plants may become shorter and more compact to reduce 
water loss and increase water efficiency (Chen, 2023). 

B. Leaf modifications: Climate change can influence leaf morphology and structure. 

Some plants may develop thicker leaves to withstand higher temperature and reduce 

water loss through transpirations (Yu et al., 2023).  Additionally leaf size and shape 
may change to optimize energy capture and heat dissipation. In regions experiencing 

shifts in temperature and light availability, plants also exhibit change in leaf orientations 

or the presence of leaf hairs or trichomes on the leaf surfaces. 
C. Modifications in reproductive structure: Climate change can affect the reproductive 

structure of plants, such as flowers, fruits, and seeds. Different reproductive techniques 

have evolved in plants to ensure the survival of their species. As opposed to animal 
species, which rely almost completely on sexual reproduction, some plant species 

reproduce sexually while others do so asexually. Pollinators are not necessary for 

asexual reproduction in plants, although sexual reproduction usually requires them. 

Flowers are typically the most lavish or potently scented part of plants. Because of their 
vivid colours, enticing smells, and distinctive shapes and sizes, flowers attract insects, 

birds, and other species for pollination. Other plants get pollinated via the wind or the 

water, while some plants self-pollinate. 
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2.2.1 Thrones, Prickles and Spines Modification in Plants due to Climate 

Change: 

Climate change can also lead to modification in the thrones, prickles and spines in plants. 

These structures are often used by plants as a defense mechanism against herbivores and 
other threats (Belete, 2018).  One possible modification is an increase in the density and 

length of the thrones, prickles and spines in plants (Benelli, 2015). Warmer temperatures 

and changing precipitation pattern can create more favorable conditions for herbivores such 
as insects or grazing animals (Koulelis et al., 2023). In response plants may develop more 

pronounced or larger thrones, prickles or spines in response as a way to deter herbivory and 

protect themselves (War et al., 2012).  Additionally, climate change can also impact the 

chemical composition of these defensive structures. Certain compounds present in thrones, 
prickles, or spines can act as toxin or deterrent, making them less appealing for herbivores 

to feed on them (Halpern et al., 2007). Changes in temperature and other environmental 

factors can influence the production and concentration of these chemicals, potentially 

leading to modification in the level of plant defense.  

2.3 Modification in Bark and Periderm: 

Climate change can also lead to modification in the bark and periderm of plants. The 

periderm is the outer protective layer of the plants, including the cork cambium, cork cells, 

and phelloderm. These modifications occur due to the changing environmental conditions 
(Teixeira, 2022). As temperature rise and the drought conditions increase, plants may 

develop thicker bark to protect themselves from desiccation and excess heat (Marchin et al., 

2022). Thicker bark provides insulation and reduces water loss through transpiration. 
Climate change can stimulate the cork cambium to produce more cork cells, leading to 

increase in the thickness of the periderm. This can enhance the plants resistance to 

environmental stress such as heat, fire and herbivory. Change in temperature and moisture 

level can cause variations in the composition of the periderm. 

2.4 Conclusion: 

Morphological changes in plants in response to insect pests represent a fascinating and 

intricate facet of plant-insect interactions. These changes, driven by a plant’s natural defense 

mechanisms, have evolved over millions of years to help plant withstand the pressures of 

herbivory. From altering leaf structures and producing secondary metabolites to attracting 
beneficial insects and enhancing root defenses, plants have developed a diverse array of 

strategies to cope with insect pests. Understanding these morphological changes is crucial 

not only for advancing our knowledge of plant biology but also for developing sustainable 
pest management strategies in agriculture. Furthermore, ongoing research in this field 

continues to uncover the intricacies of plant-insect interactions, shedding light on the 

molecular and genetic mechanisms underlying these morphological changes. 

2.5 References: 

1. Adu, M. O., Zigah, N., Yawson, D. O., Amoah, K. K., Afutu, E., Atiah, K., Darkwa, A. 
A., & Asare, P. A. (2023). Plasticity of root hair and rhizosheath traits and their 



Morphological Changes in Plants in Response to Insect Pests 

23 

 

relationship to phosphorus uptake in sorghum. Plant Direct, 7(8), e521. 
2. Belete, T. (2018). Defense mechanisms of plants to insect pests: from morphological to 

biochemical approach. Trends Tech. Sci. Res, 2(2), 30–38. 

3. Benelli, G. (2015). Plant-borne ovicides in the fight against mosquito vectors of medical 
and veterinary importance: a systematic review. Parasitology Research, 114(9), 3201–

3212. https://doi.org/10.1007/s00436-015-4656-z 

4. Chen, J.-J. (2023). Water Conservation Through Drought-Resilient Landscape Plants 

and Deficit Irrigation. 
5. Delhey, K., & Peters, A. (2017). Conservation implications of anthropogenic impacts 

on visual communication and camouflage. Conservation Biology, 31(1), 30–39. 

6. Ding, Y., Nie, Y., Chen, H., Wang, K., & Querejeta, J. I. (2021). Water uptake depth is 
coordinated with leaf water potential, water‐use efficiency and drought vulnerability in 

karst vegetation. New Phytologist, 229(3), 1339–1353. 

7. Forrest, J. R. K. (2015). Plant–pollinator interactions and phenological change: what 
can we learn about climate impacts from experiments and observations? Oikos, 124(1), 

4–13. 

8. Freimuth, J., Bossdorf, O., & Scheepens, J. F. (2022). Climate warming changes 

synchrony of plants and pollinators. 
9. Gamage, D., Thompson, M., Sutherland, M., Hirotsu, N., Makino, A., & Seneweera, S. 

(2018). New insights into the cellular mechanisms of plant growth at elevated 

atmospheric carbon dioxide concentrations. Plant, Cell & Environment, 41(6), 1233–
1246. 

10. Halpern, M., Raats, D., & Lev-yadun, S. (2007). The Potential Anti-Herbivory Role of 

Microorganisms on Plant Thorns. December, 503–504. https://doi.org/10.1111/j.1462-

2920.2006.01174.x 
11. Jolivet, P. (2023). Insects and plants: parallel evolution & adaptations. CRC Press. 

12. Jump, A. S., Ruiz‐Benito, P., Greenwood, S., Allen, C. D., Kitzberger, T., Fensham, R., 

Martínez‐Vilalta, J., & Lloret, F. (2017). Structural overshoot of tree growth with 
climate variability and the global spectrum of drought‐induced forest dieback. Global 

Change Biology, 23(9), 3742–3757. 

13. Jürgens, A., Shuttleworth, A., Benbow, M. E., Tomberlin, J. K., & Tarone, A. M. 
(2015). Carrion and dung mimicry in plants. CRC Press Boca Raton. 

14. Koulelis, P. P., Proutsos, N., Solomou, A. D., Avramidou, E. V, Malliarou, E., 

Athanasiou, M., Xanthopoulos, G., & Petrakis, P. V. (2023). Effects of climate change 

on greek forests: A review. Atmosphere, 14(7), 1155. 
15. Lamichhane, J. R., Barbetti, M. J., Chilvers, M. I., Pandey, A. K., & Steinberg, C. 

(2023). Exploiting root exudates to manage soil-borne disease complexes in a changing 

climate. Trends in Microbiology. 
16. Lipiec, J., Doussan, C., Nosalewicz, A., & Kondracka, K. (2013). Effect of drought and 

heat stresses on plant growth and yield: a review. International Agrophysics, 27(4). 

17. Marchin, R. M., Backes, D., Ossola, A., Leishman, M. R., Tjoelker, M. G., & Ellsworth, 
D. S. (2022). Extreme heat increases stomatal conductance and induced mortality risk 

in vulnerable plant species. August 2021, 1133–1146.  

https://doi.org/10.1111/gcb.15976 

18. Montagnoli, A., Terzaghi, M., Di Iorio, A., Scippa, G. S., & Chiatante, D. (2012). Fine-
root morphological and growth traits in a Turkey-oak stand in relation to seasonal 

changes in soil moisture in the Southern Apennines, Italy. Ecological Research, 27, 

1015–1025. 



Emerging Trends in Plant Protection Sciences 

24 

 

19. Montagnoli, A., Terzaghi, M., Miali, A., Chiatante, D., & Dumroese, R. K. (2023). 
Unusual late-fall wildfire in a pre-Alpine Fagus sylvatica forest reduced fine roots in 

the shallower soil layer and shifted very fine-root growth to deeper soil depth. Scientific 

Reports, 13(1), 6380. 
20. Nepi, M., Grasso, D. A., & Mancuso, S. (2018). Nectar in Plant–Insect Mutualistic 

Relationships: from food reward to partner manipulation. Frontiers in Plant Science, 9. 

https://doi.org/10.3389/fpls.2018.01063 

21. Niu, Y., Sun, H., & Stevens, M. (2018). Plant camouflage: ecology, evolution, and 
implications. Trends in Ecology & Evolution, 33(8), 608–618. 

22. Prisa, D., & Fresco, R. (2023). Inoculants for Plant Drought Stress Tolerance: 

Mechanisms and Applications. 
23. Punja, Z. K., Sutton, D. B., & Kim, T. (2023). Glandular trichome development , 

morphology , and maturation are influenced by plant age and genotype in high THC ‑ 

containing cannabis ( Cannabis sativa L .) inflorescences. Journal of Cannabis 
Research. https://doi.org/10.1186/s42238-023-00178-9 

24. Raza, T., Qadir, M. F., Khan, K. S., Eash, N. S., Yousuf, M., Chatterjee, S., Manzoor, 

R., ur Rehman, S., & Oetting, J. N. (2023). Unrevealing the potential of microbes in 

decomposition of organic matter and release of carbon in the ecosystem. Journal of 
Environmental Management, 344, 118529. 

25. Reich, P. B., Sendall, K. M., Stefanski, A., Rich, R. L., Hobbie, S. E., & Montgomery, 

R. A. (2018). Effects of climate warming on photosynthesis in boreal tree species 
depend on soil moisture. Nature, 562(7726), 263–267. 

26. Salleo, S., & Nardini, A. (2000). Sclerophylly: evolutionary advantage or mere 

epiphenomenon? Plant Biosystems, 134(3), 247–259. 

27. St. Clair, S. B., & Lynch, J. P. (2010). The opening of Pandora’s Box: climate change 
impacts on soil fertility and crop nutrition in developing countries. Plant and Soil, 335, 

101–115. 

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

https://doi.org/10.3390/insects12050440 

29. Teixeira, R. T. (2022). Cork Development : What Lies Within. 
30. Vicente-serrano, S. M., Miralles, D. G., Mcdowell, N., Brodribb, T., Domínguez-castro, 

F., Leung, R., & Koppa, A. (2022). Earth-Science Reviews The uncertain role of rising 

atmospheric CO 2 on global plant transpiration. Earth-Science Reviews, 230(May), 

104055. https://doi.org/10.1016/j.earscirev.2022.104055 
31. Wahid, A., Gelani, S., Ashraf, M., & Foolad, M. R. (2007). Heat tolerance in plants: an 

overview. Environmental and Experimental Botany, 61(3), 199–223. 

32. Wang, X., Shen, C., Meng, P., Tan, G., & Lv, L. (2021). Analysis and review of 
trichomes in plants. 1–11. 

33. War, A. R., Paulraj, M. G., Ahmad, T., Buhroo, A. A., Hussain, B., Ignacimuthu, S., & 

Sharma, H. C. (2012). Mechanisms of Plant Defense against Insect Herbivores. 7(10), 
1306–1320. 

34. Yu, H., Zhang, J., Zhang, S., & Han, Z. (2023). Bionic Structures and Materials Inspired 

by Plant Leaves: A Comprehensive Review for Innovative Problem-Solving. Progress 

in Materials Science, 101181. 

  


