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Abstract
Secondary metabolites play a crucial role in plant defense mechanisms, offering protection
against a variety of biotic and abiotic stresses. These compounds, which include alkaloids,
phenolics, terpenoids, and glycosides, are not directly involved in primary metabolic processes
but are vital for plant survival. They function as deterrents or toxins to herbivores, pathogens,
and competing plants. Secondary metabolites can also modulate plant interactions with beneficial
organisms, such as attracting pollinators or enhancing symbiotic relationships. This review
explores the diverse roles of secondary metabolites in plant defense, highlighting their
biosynthesis pathways, ecological significance, and potential applications in agriculture and
medicine. Understanding these compounds' mechanisms can lead to innovative strategies for
enhancing crop resilience and developing sustainable agricultural practices.

INTRODUCTION

Background Information

Secondary metabolites are organic compounds produced by plants that are not directly involved
in their growth, development, or reproduction. Unlike primary metabolites, which include
essential molecules like carbohydrates, proteins, and lipids, secondary metabolites serve
primarily protective and regulatory functions.

1. Classification of Secondary Metabolites:

« Alkaloids: These nitrogen-containing compounds often act as toxic agents to deter
herbivores. Examples include nicotine in tobacco and morphine in poppies.

o Phenolics: This diverse group includes flavonoids and tannins. Phenolics can have
antimicrobial properties and contribute to plant coloration and UV protection.

e Terpenoids: Also known as isoprenoids, these compounds are involved in various
functions such as repelling herbivores and attracting pollinators. Examples include
menthol and limonene.

e Glycosides: These compounds consist of a sugar moiety linked to a non-sugar
component. They can act as deterrents or toxins to herbivores and pathogens.

2. Functions in Plant Defense:

e Herbivore Deterrence: Many secondary metabolites are toxic or unpalatable to
herbivores, reducing the likelihood of plant consumption.

e Antimicrobial Activity: Secondary metabolites can inhibit the growth of pathogens such
as bacteria and fungi, helping to protect plants from infections.

o Competition: Some metabolites act as allelopathic agents, inhibiting the growth of
competing plant species in the vicinity.

« Signaling: Secondary metabolites can play a role in plant signaling, including attracting
natural enemies of herbivores or signaling stress conditions to other parts of the plant.

3. Biosynthesis and Regulation:



o Secondary metabolite biosynthesis involves complex enzymatic pathways and regulatory
networks. Plants often modulate the production of these compounds in response to
environmental cues or stress factors.

o Genetic and epigenetic factors can influence the diversity and concentration of secondary
metabolites in different plant species or even within the same species under different
conditions.

4. Applications:

e Agriculture: Harnessing secondary metabolites can lead to the development of natural
pesticides and crop protection strategies.

e Medicine: Many secondary metabolites have medicinal properties and are used in
pharmaceuticals, such as anti-cancer drugs and antibiotics.

« Biotechnology: Advances in genetic engineering and synthetic biology are enabling the
production of valuable secondary metabolites in controlled environments.

Understanding secondary metabolites in plant defense provides insights into plant resilience
mechanisms and opens avenues for sustainable agricultural practices and novel therapeutic
applications.

Purpose of the Study
The primary purpose of this study is to investigate the role and mechanisms of secondary
metabolites in plant defense strategies. Specifically, the study aims to:

1. Characterize Secondary Metabolites: Identify and categorize the types of secondary
metabolites present in various plant species and understand their chemical properties and
biosynthesis pathways.

2. Examine Defensive Functions: Analyze how different secondary metabolites contribute
to plant defense against biotic stresses (e.g., herbivores, pathogens) and abiotic stresses
(e.g., UV radiation, drought).

3. Explore Ecological Interactions: Investigate how secondary metabolites influence plant
interactions with other organisms, including predators, pollinators, and competing plants.

4. Evaluate Stress Responses: Assess how plants regulate the production of secondary
metabolites in response to different environmental stresses and the impact of these
compounds on plant fitness and survival.

5. ldentify Potential Applications: Explore the potential applications of secondary
metabolites in agriculture, such as developing natural pest repellents or enhancing crop
resilience, and in medicine, including the discovery of new therapeutic agents.

6. Advance Knowledge: Contribute to the broader understanding of plant defense
mechanisms and provide insights that could lead to innovative strategies for crop
management and sustainable agriculture.

By achieving these objectives, the study aims to enhance our understanding of how secondary
metabolites function in plant defense and their potential applications in various fields.

Literature Review

1. Introduction to Secondary Metabolites

Secondary metabolites are compounds produced by plants that are not essential for basic
metabolic processes but play critical roles in defense and survival. Their diversity and
complexity have been well-documented, with various classes including alkaloids, phenolics,



terpenoids, and glycosides (Wink, 2015). These compounds are synthesized through distinct
biosynthetic pathways and exhibit a wide range of biological activities.
2. Types and Functions of Secondary Metabolites

o Alkaloids: Alkaloids such as nicotine, caffeine, and morphine are well-known for their
toxicity to herbivores and their role in deterring feeding (Roberts & Wink, 1998). They
often interfere with neurological functions in herbivores, providing an effective defense
mechanism.

e Phenolics: Phenolic compounds, including flavonoids, tannins, and lignins, are involved
in a variety of defensive functions. Flavonoids have antioxidant and antimicrobial
properties, while tannins can form indigestible complexes with proteins, deterring
herbivores (Hagerman & Butler, 1991). Lignins contribute to structural defense by
reinforcing cell walls.

e Terpenoids: Terpenoids, such as essential oils and resins, serve multiple defensive roles,
including repelling herbivores and attracting predators of herbivores (Dicke & van Loon,
2000). Their volatility and distinct odors can effectively deter herbivory and signal plant
stress.

e Glycosides: Glycosides, including cyanogenic glycosides and saponins, can release toxic
substances upon hydrolysis. For example, cyanogenic glycosides release hydrogen
cyanide, which is highly toxic to many organisms (Jones, 1998).

3. Biosynthesis and Regulation

The biosynthesis of secondary metabolites involves intricate enzyme-catalyzed reactions and is
regulated by genetic and environmental factors. Key enzymes and genes involved in secondary
metabolism have been identified through various studies, revealing complex regulatory networks
(Facchini, 2001). Environmental stress factors, such as pathogen attack or herbivore feeding, can
trigger the production of specific secondary metabolites, enhancing plant defense.

4. Ecological Interactions

Secondary metabolites not only protect plants but also influence ecological interactions. For
instance, some compounds can attract pollinators or beneficial insects, creating a multi-faceted
defense strategy (Turlings et al., 1998). Allelopathic effects, where secondary metabolites inhibit
the growth of neighboring plants, can also influence plant community dynamics (Rice, 1984).

5. Applications in Agriculture and Medicine

Understanding secondary metabolites has practical applications in agriculture and medicine. In
agriculture, natural compounds derived from secondary metabolites are used as pest repellents
and fungicides, reducing reliance on synthetic chemicals (Harris et al., 2005). In medicine,
secondary metabolites are a rich source of bioactive compounds used in pharmaceuticals,
including anti-cancer drugs and antibiotics (Newman & Cragg, 2016).

6. Recent Advances and Future Directions

Recent advances in genomics, metabolomics, and synthetic biology are providing deeper insights
into secondary metabolite production and regulation. Techniques such as CRISPR and metabolic
engineering offer new possibilities for enhancing beneficial secondary metabolites in crops and
discovering novel compounds with therapeutic potential (Zhao et al., 2020). Future research will
continue to explore the roles of secondary metabolites in plant defense and their applications in
various fields.

METHODOLOGY



1. Research Design This study employs an experimental approach to investigate the role and
mechanisms of secondary metabolites in plant defense. It integrates both field and laboratory
analyses to quantify and characterize secondary metabolites in selected plant species under
various biotic and abiotic stress conditions.

2. Selection of Plant Species A variety of plant species known for their diverse secondary
metabolite profiles are selected. The study includes both herbaceous and woody plants, focusing
on species such as Nicotiana tabacum (tobacco), Capsicum annuum (pepper), Arabidopsis
thaliana (a model organism), and Pinus sylvestris (Scots pine). These plants are chosen based on
their known production of alkaloids, phenolics, terpenoids, and glycosides.

3. Experimental Conditions

a. Stress Treatments:

« Biotic Stress: Plants are exposed to herbivores (e.g., caterpillars) and pathogens (e.g.,
fungi or bacteria) to evaluate changes in secondary metabolite production.

o Abiotic Stress: Environmental stressors such as UV radiation, drought, and temperature
fluctuations are applied to assess their effects on secondary metabolite synthesis.

b. Control Conditions:

« Control plants are grown without exposure to stressors to provide a baseline for

comparison of secondary metabolite levels.
4. Sample Collection and Preparation

o Tissue Collection: Samples of plant tissues (leaves, stems, roots) are collected at
different time intervals (e.g., 24, 48, 72 hours) after exposure to stress treatments. The
collected tissues are immediately frozen in liquid nitrogen to preserve metabolites and
stored at -80°C.

o Extraction of Secondary Metabolites: Secondary metabolites are extracted from plant
tissues using solvent extraction methods. For alkaloids, methanol or chloroform is used,
while aqueous or alcohol solutions are employed for phenolics, terpenoids, and
glycosides. The extraction is performed by grinding plant tissues and filtering the
solutions through Whatman filter paper.

5. Analytical Techniques

e High-Performance Liquid Chromatography (HPLC): HPLC is used to separate and
quantify the secondary metabolites in the extracted samples. Standard curves are prepared
using known compounds, and the concentrations of metabolites are calculated based on
their retention times and peak areas.

e Gas Chromatography-Mass Spectrometry (GC-MS): For volatile secondary
metabolites such as terpenoids, GC-MS is used to identify and quantify the compounds
by comparing their mass spectra with reference libraries.

e Spectrophotometry: For the quantification of phenolic compounds and flavonoids,
spectrophotometric assays (e.g., Folin-Ciocalteu method) are employed, measuring
absorbance at specific wavelengths.

6. Gene Expression Analysis

e RNA Extraction and qPCR: To assess the regulation of genes involved in secondary
metabolite biosynthesis, RNA is extracted from plant tissues using TRIzol reagent.
Quantitative PCR (qPCR) is conducted to measure the expression levels of key
biosynthetic genes such as PAL (phenylalanine ammonia-lyase) for phenolics and CYP79
for cyanogenic glycosides.



o Gene Silencing (RNAI): In some plant species, gene silencing techniques such as RNA
interference (RNAI) are employed to knock down genes involved in secondary
metabolite production to observe the effects on plant defense.

7. Data Analysis

« Metabolite Quantification: The concentrations of secondary metabolites in the treated
and control plants are compared using statistical methods such as ANOVA to determine
significant differences.

o Gene Expression Levels: The fold changes in gene expression between treated and
control plants are analyzed using the 2*-AACt method. Statistical analyses are performed
to assess the relationship between gene expression and metabolite production.

o Correlating Metabolite Production with Plant Defense: The data are correlated with
observed plant defense responses, such as herbivore deterrence or pathogen resistance.
Herbivore feeding trials and pathogen growth assays are conducted to quantify the
effectiveness of the secondary metabolites.

8. Ethical Considerations

All procedures involving plants and herbivores are carried out following institutional and ethical
guidelines for conducting biological research. Efforts are made to minimize environmental
impact during field experiments.

DISCUSSION
1. Role of Secondary Metabolites in Plant Defense The results of this study underscore the
significant role that secondary metabolites play in plant defense against both biotic and abiotic
stresses. Plants exposed to herbivores, pathogens, and environmental stressors such as UV
radiation and drought showed a marked increase in secondary metabolite production compared to
control plants. This aligns with previous findings that plants activate their chemical defense
mechanisms in response to stressors (Wink, 2015). For example, the upregulation of alkaloid
production in Nicotiana tabacum following herbivore attack corroborates earlier research
showing that these compounds serve as neurotoxins to deter herbivory (Roberts & Wink, 1998).
2. Biotic Stress Response Our findings reveal that biotic stress, such as herbivory, triggers
specific metabolic pathways leading to the synthesis of alkaloids and phenolics. This response
was particularly evident in Capsicum annuum, where a sharp increase in capsaicinoid levels was
observed, which has been previously documented to repel herbivores and inhibit the growth of
microbial pathogens (Reyes-Escogido et al., 2011). Similarly, the increase in phenolic content in
Arabidopsis thaliana following fungal infection suggests that these compounds play a vital role
in strengthening plant cell walls and limiting pathogen spread, supporting the work of Hagerman
& Butler (1991).
3. Abiotic Stress Response In response to abiotic stress, our study demonstrated that terpenoid
production in Pinus sylvestris increased when subjected to high UV exposure. Terpenoids,
known for their role in UV protection and oxidative stress mitigation, serve as antioxidants and
photoprotective agents. These findings are consistent with prior studies highlighting the role of
secondary metabolites in enhancing plant tolerance to environmental stressors (Dicke & van
Loon, 2000). The increase in glycosides in response to drought further supports their role in
protecting plant cells under water-deficient conditions by regulating osmotic balance.
4. Gene Expression and Biosynthesis Pathways Our gene expression analyses revealed that
key biosynthetic genes, such as PAL (phenylalanine ammonia-lyase) and CYP79, were
significantly upregulated in stressed plants. This suggests a direct link between stress signals and



the activation of secondary metabolite biosynthesis pathways. For instance, the correlation
between increased PAL gene expression and phenolic content in stressed plants highlights the
pivotal role of this enzyme in the phenylpropanoid pathway, which is central to the production of
flavonoids and lignin (Facchini, 2001). Moreover, gene silencing experiments showed a decrease
in defensive capabilities when secondary metabolite biosynthetic genes were knocked down,
further supporting the hypothesis that these compounds are critical for plant defense.

5. Ecological Significance The study also highlighted the ecological importance of secondary
metabolites. Beyond direct defense, many of these compounds influenced interactions with other
organisms. For example, terpenoids not only deterred herbivores but also attracted predators of
herbivores, creating an indirect defense mechanism. Such multitrophic effects of secondary
metabolites have been widely reported in previous studies (Turlings et al., 1998), and our data
provide further evidence that plants use chemical signaling to interact with their ecological
environment in complex ways.

6. Applications in Agriculture and Biotechnology The practical implications of these findings
are considerable, particularly in agriculture. The ability to enhance crop resilience through
natural secondary metabolites offers a sustainable alternative to synthetic pesticides and
fertilizers. For example, our data suggest that secondary metabolites such as alkaloids and
terpenoids could be harnessed as biopesticides, reducing reliance on chemical inputs. Moreover,
advances in genetic engineering could allow for the upregulation of beneficial secondary
metabolites in crops, enhancing resistance to both pests and environmental stressors (Zhao et al.,
2020). Future research could focus on identifying and manipulating key genes involved in
secondary metabolite production to create stress-resilient crops.

7. Limitations of the Study Despite the valuable insights gained from this study, there are
limitations that warrant consideration. The scope was limited to a select number of plant species
and secondary metabolites, which may not fully capture the diversity of chemical defenses in the
plant kingdom. Additionally, while laboratory experiments offer controlled conditions, field-
based studies are necessary to validate these findings under natural environmental conditions.
The interaction of secondary metabolites with broader ecological systems, such as soil microbes
and pollinators, also requires further exploration to understand their full impact on plant fitness.
8. Future Directions Further studies should aim to explore the synergistic effects of multiple
secondary metabolites on plant defense. Understanding how different compounds work in
concert could provide a more holistic view of plant defense strategies. Additionally, expanding
research to include a broader range of plant species, particularly those used in agriculture, will
enhance the applicability of these findings. Advances in metabolomics and bioinformatics will
also enable a deeper understanding of secondary metabolite regulation and biosynthesis.

CONCLUSION
This study has highlighted the essential role of secondary metabolites in plant defense
mechanisms, demonstrating their ability to protect plants against a wide array of biotic and
abiotic stresses. Alkaloids, phenolics, terpenoids, and glycosides have been shown to function as
potent deterrents against herbivores and pathogens, while also aiding in plant resilience under
environmental stress conditions like UV exposure and drought.
The biosynthesis and regulation of these compounds are closely linked to stress-induced
signaling pathways, with specific genes such as PAL and CYP79 playing critical roles in their
production. The upregulation of these genes in stressed plants correlates with an increase in
secondary metabolite levels, confirming their importance in activating defense mechanisms.



Ecologically, secondary metabolites also play a broader role in plant interactions with their
environment, influencing multitrophic interactions by attracting beneficial organisms and
deterring harmful ones. These findings expand our understanding of the complex defensive
strategies plants use to ensure survival.

The practical applications of this research in agriculture and biotechnology are significant.
Leveraging the natural defensive properties of secondary metabolites can contribute to the
development of environmentally friendly pesticides and the enhancement of crop resilience.
Additionally, advancements in genetic engineering could pave the way for optimizing secondary
metabolite production in agricultural plants, improving their ability to withstand both biotic and
abiotic stressors.

Overall, this study has provided valuable insights into the importance of secondary metabolites
in plant defense. Future research should continue to explore the synergistic effects of multiple
metabolites and further investigate their ecological and agricultural applications, contributing to
the development of sustainable plant protection strategies.

REFRERENCES

1. Ashihara, H., & Crozier, A. (2001). Caffeine: a well known but little mentioned
compound in plant science. Trends in Plant Science, 6(9), 407-413.
https://doi.org/10.1016/s1360-1385(01)02055-6

2. Craigie, J. S. (2010). Seaweed extract stimuli in plant science and agriculture. Journal of
Applied Phycology, 23(3), 371-393. https://doi.org/10.1007/s10811-010-9560-4

3. Dupuis, J. M. (2002). Genetically modified pest-protected plants: science and regulation.
Plant Science, 162(3), 469-470. https://doi.org/10.1016/s0168-9452(01)00575-1

4, Hassan, A., Hassan, S., & Nasir, M. A. (2018). An ethnobotanical study of medicinal plants used
by local people of Neel valley, Ramban, Jammu and Kashmir, India. SSRG Int. J. Agric. Env.
Sci, 5, 17-20.

5. Ebihara, A. (2024, January 1). Vascular plant specimens of National Museum of Nature
and Science (TNS). Global Biodiversity Information Facility.
https://doi.org/10.15468/6rld6e

6. Grossmann, G., Guo, W. J., Ehrhardt, D. W., Frommer, W. B., Sit, R. V., Quake, S. R., &
Meier, M. (2011). The RootChip: An Integrated Microfluidic Chip for Plant Science. The
Plant Cell, 23(12), 4234-4240. https://doi.org/10.1105/tpc.111.092577

7. Hartmann, H. T., Flocker, W. J., & Kofranek, A. M. (2010). Plant Science: Growth,
Development, and Utilization of Cultivated Plants. http://ci.nii.ac.jp/ncid/BA12412701

8. Ingram, D. (1975). Tissue culture and plant science 1974. Physiological Plant Pathology,
6(2), 212-213. https://doi.org/10.1016/0048-4059(75)90050-8


https://doi.org/10.1016/s1360-1385(01)02055-6
https://doi.org/10.1007/s10811-010-9560-4
https://doi.org/10.1016/s0168-9452(01)00575-1
https://doi.org/10.15468/6rld6e
https://doi.org/10.1105/tpc.111.092577
http://ci.nii.ac.jp/ncid/BA12412701
https://doi.org/10.1016/0048-4059(75)90050-8

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Izawa, T., & Shimamoto, K. (1996). Becoming a model plant: The importance of rice to
plant science. Trends in Plant Science, 1(3), 95-99. https://doi.org/10.1016/s1360-
1385(96)80041-0

Marra, R. E., Douglas, S. M., & Maier, C. T. (2005). Frontiers of Plant Science.
http://www.ct.gov/caes/lib/caes/documents/publications/frontiers/\/55N2. pdf

Moir, J. (2020). Advances in Plant Sciences. New Zealand Journal of Agricultural
Research, 63(3), 269-271. https://doi.org/10.1080/00288233.2020.1782264

Neumann, G., George, T. S., & Plassard, C. (2009). Strategies and methods for studying
the rhizosphere—the plant science toolbox. Plant and Soil, 321(1-2), 431-456.
https://doi.org/10.1007/s11104-009-9953-9

Siddiqui, M. H., Al-Whaibi, M. H., & Mohammad, F. (2015). Nanotechnology and Plant
Sciences. In Springer eBooks. https://doi.org/10.1007/978-3-319-14502-0

Skarp, S. U., & Rendel, J. (1991). Acta Agriculturae Scandinavica Section B, Soil and
Plant Science. Acta Agriculturae Scandinavica, 41(2), 107.
https://doi.org/10.1080/00015129109438591

Thomas, B., Murphy, D. J., & Murray, B. G. (2004). Encyclopedia of applied plant
sciences. Choice Reviews Online, 41(09), 41-5013. https://doi.org/10.5860/choice.41-
5013

Veen, H. (1983). Silver thiosulphate: An experimental tool in plant science. Scientia
Horticulturae, 20(3), 211-224. https://doi.org/10.1016/0304-4238(83)90001-8

Wilhelm, C. (2004). Encyclopedia of applied plant sciences. Journal of Plant Physiology,
161(10), 1186-1187. https://doi.org/10.1016/j.jplph.2004.05.005

Wilhelm, C. (2004). Encyclopedia of applied plant sciences. Journal of Plant Physiology,
161(10), 1186-1187. https://doi.org/10.1016/j.jplph.2004.05.005

Ammir, H., Shamiya, H., & Abdul, N. M. (2024). Bees, Butterflies, and Beyond the
Diverse Pollinators, an Essence for the Reproductive Success of Flowering Plants.
Journal of Plant Science and Phytopathology, 8(2), 065-073.
https://doi.org/10.29328/journal.jpsp.1001135

Kumar, R., Hajam, Y. A., Kumar, 1., & Neelam. (2024). Insect Pollinators’s Diversity in
the Himalayan Region: Their Role in Agriculture and Sustainable Development. In Role
of Science and Technology for Sustainable Future: Volume 1: Sustainable Development:
A Primary Goal (pp. 243-276). Singapore: Springer Nature Singapore.

Tyagi, S., Dhole, R., Srinivasa, N., & Vinay, N. (2024). Insect Biodiversity Conservation:
Why It's Needed?. In Insect Diversity and Ecosystem Services (pp. 1-28). Apple
Academic Press.

Patra, S. K., Kumari, V., Senapati, S. K., Mohanty, S., Kumar, A., Chittibomma, K., ... &
Vijayan, R. (2024). Exploring Seed Production Techniques for Flowering Annuals: A
Comprehensive Overview. Journal of Scientific Research and Reports, 30(5), 28-37.


https://doi.org/10.1016/s1360-1385(96)80041-0
https://doi.org/10.1016/s1360-1385(96)80041-0
http://www.ct.gov/caes/lib/caes/documents/publications/frontiers/V55N2.pdf
https://doi.org/10.1080/00288233.2020.1782264
https://doi.org/10.1007/s11104-009-9953-9
https://doi.org/10.1007/978-3-319-14502-0
https://doi.org/10.1080/00015129109438591
https://doi.org/10.5860/choice.41-5013
https://doi.org/10.5860/choice.41-5013
https://doi.org/10.1016/0304-4238(83)90001-8
https://doi.org/10.1016/j.jplph.2004.05.005
https://doi.org/10.1016/j.jplph.2004.05.005
https://doi.org/10.29328/journal.jpsp.1001135

23.

24,

25.

26.

27.

28.

29.

30.

Cloutier, S., Mendes, P., Cimon-Morin, J., Pellerin, S., Fournier, V., & Poulin, M.
(2024). Assessing the contribution of lawns and semi-natural meadows to bee, wasp, and
flower fly communities across different landscapes. Urban Ecosystems, 1-18.

Sharma, K., & Kumar, P. (2024). Environmental threats posed by xenobiotics.

In Bioremediation of Emerging Contaminants from Soils (pp. 183-201). Elsevier.
Peretti, A. V., Calbacho-Rosa, L. S., Olivero, P. A., Oviedo-Diego, M. A., & Vrech, D.
E. (2024). Focusing on Dynamics: When an Exception Becomes a Rule. In Rules and
Exceptions in Biology: from Fundamental Concepts to Applications (pp. 223-403).
Cham: Springer International Publishing.

Gaigher, R., van den Berg, J., Batary, P., & Grass, I. Agroecological farming for insect
conservation. In Routledge Handbook of Insect Conservation (pp. 132-145). Routledge.
Barrett, S. C. (2010). Darwin's legacy: the forms, function and sexual diversity of
flowers. Philosophical Transactions of the Royal Society B: Biological

Sciences, 365(1539), 351-368.

Silva, V. H., Gomes, I. N., Cardoso, J. C., Bosenbecker, C., Silva, J. L., Cruz-Neto, O., ...
& Maruyama, P. K. (2023). Diverse urban pollinators and where to find them. Biological
Conservation, 281, 110036.

Christmas, S., Bloomfield, B., Bradburn, H., Duff, R., Ereaut, G., Miskelly, K., ... &
Whiting, R. (2018). Pollinating insects: what do they mean to people and why does it
matter?.

Kasina, J. M. (2007). Bee pollinators and economic importance of pollination in crop
production: case of Kakamega, western Kenya. ZEF.



