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Abstract

The study investigates the impact of climate change on the development of plant diseases and the emergence of novel plant
diseases, the conditions for disease development, mitigation strategies, and adaptation strategies for pest control. Climate
change and variability may have indirect effects on animal diseases that are more significant than direct consequences.
However, there has been little focus on the impact of climate change on agriculture, particularly concerning insect pests;
because rising temperatures hasten insect life cycles, migration, and nutrition. It is concluded that it is necessary to construct
and reinforce barriers that stop the arrival of exotic infections, develop tools for quick diagnosis of novel diseases, and train

technical personnel to use these techniques once they are in place.
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Introduction

The shifting climate presents a double-edged sword for
agriculture, rendering the study of its impact on plant
diseases and pests essential. While some regions across the
world may experience milder winters, longer growing
seasons, and increased crop productivity (Turyasingura et
al., 2023), these changes also create a hospitable
environment for the proliferation of pests and diseases.
Warmer temperatures can accelerate the life cycles of
pathogens and pests, leading to more frequent outbreaks and
heightened severity of infestations. Additionally, altered
precipitation patterns can create conditions favoring certain
pathogens or pests while challenging the resilience of crops.
Garrett et al. (2021) report that understanding the intricate
interplay between climate change and the dynamics of plant
diseases and pests is crucial for agricultural sustainability
and food security thus, need for the study. This knowledge
enables farmers and policymakers to implement proactive
strategies for disease and pest management, such as
developing resistant crop varieties, optimizing pest control
measures, and implementing adaptive agricultural practices
(Turyasingura et al., 2023).

In addition, more information on the effects of climate
change on the emergence of new plant pests and diseases is
needed globally, and little effort has been made up to date
(Harvey et al., 2018; Garrett et al., 2021). The research
delves into the impact of climate change on the development

of plant diseases and the emergence of novel plant diseases
(Chhogyel et al., 2020), conditions for disease development,
mitigation strategies, and adaptation strategies for pest
control. Numerous factors impacting factors affect plant
diseases (Yéafiez-Lopez et al., 2012). The consequences of
carbon dioxide and mitigation strategies, on the other hand,
were not extensively addressed (Turyasingura et al., 2023).
According to Turyasingura and Rogers (2022), since maize
is planted during the warmer and wetter summer months,
which creates an ideal home for insect pests to multiply
quickly and spread to new regions, pests cause major
damage to maize harvests (EI-Naggar et al., 2020; Wang et
al., 2021). Effective control should therefore be
implemented because it is hard to avoid this pest without
implementing long-term management (Chavula, 2022;
Karlsson et al., 2020). Insects play an important role in
pollination (Thomson & Page, 2020; Khalifa et al., 2021,
Dymond et al., 2021), detritus (Tooker & Giron, 2020),
nutrient cycling (Parr et al., 2019; Crespo-Pérez et al., 2020;
Stepanian et al., 2020), and providing food for birds,
mammals, and amphibians worldwide (Freire et al., 2021).
For example, it is believed that 80% of wild plants rely on
insects for pollination, while 60 percent of birds rely on
insects as a primary food source. The value of ecosystem
services offered by wild insects in the United States is $57
billion per year (Losey & Vaughan, 2006). As a result, any
decrease in insect numbers and variety will hurt ecosystem
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functioning. Turyasingura and Chavula (2022), concluded
that policies should promote both practices and services,
such as financial services and pest management strategies.
Climate change may have indirect effects on animal disease
that are more significant than direct consequences (Linders
etal., 2019; Lacetera, 2019). However, there has been little
focus on the impact of climate change on agriculture,
particularly on insects, because rising temperatures hasten
insect life cycles, migration, and nutrition. Crop pests are
responsible for over 57% of farm productivity losses
(Yafiez-Lopez, 2012; Stathers et al., 2020; Chhogyel et al.,
2020). Changes in pest activity caused by climate change are
predicted to have a variety of effects on agricultural
production (Shrestha, 2019). As climate change proceeds,
insect damage will compound and combine with plant stress
as a result of direct effects on crops owing to changes in
temperature, precipitation, and CO2 levels (Turyasingura &
Rogers, 2022; Chavula, 2022). Climate change has resulted
in an upsurge in the number of insect pests, bug outbreaks,
the number of generations, and the development of resistant
biotypes (Kambrekar et al., 2015). This would undoubtedly
intensify the insect's damage, resulting in lower agricultural
yields, high crop protection costs, and adverse effects on the
economy (Oerke & Dehne, 2004). According to this study,
there are few strategies for dealing with increased pest and
disease occurrence that focus on building regional, national,
and local capacity and disease management systems that are
based on sound science, and this needs to be improved to
increase crop productivity. This study is expected to produce
robust conclusions that could be relevant to climate change's
effect on pests. The study aims to assess the influence of
climate change on plant disease development, conditions for
disease development, mitigation strategies, and adaptation
strategies for pest control.

Materials and Methods

A narrative literature search from 1992 and 2022 was
conducted using relevant keywords and phrases. This
research was conducted using journals from “Google
Scholar, Crossref metadata, DOAJ, Dimension, SCOPUS,
and Research Gate. The study employed a systematic
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narrative review to arrive at the articles for the study,
additionally, the keywords that they used in the literature
search included climate change about plant diseases;
nutrient management; weather patterns; and novel plant and
animal diseases. Causes of climate change on crop and
global warming in developing countries.

To prepare this document, articles, books, and reports were
retried and reviewed from the aforementioned databases as
shown in Table 1. The preparation of this manuscript
complied with narrative review guidelines, and additional
pertinent e-books, conference proceedings, policy briefs,
and government and farmer group reports at local, national,
regional, and international levels from both developing and
developed countries were referred.

To achieve the objectives of the study an inclusion and
exclusion criteria was adopted. Inclusion criteria are used to
select publications that directly pertain to the research topic,
such as those discussing the impact of climate change on
plant health and the dynamics of diseases and pests. These
criteria ensure that the chosen publications provide relevant
insights into the specific phenomenon under investigation,
helping researchers to build a comprehensive understanding
of the subject matter. Conversely, exclusion criteria are
equally important as they help to filter out publications that
are not directly pertinent to the research focus. This might
include studies on unrelated topics or those that lack
sufficient depth or reliability. In other words, by excluding
irrelevant publications, researchers can maintain the
integrity and coherence of their study, ensuring that the data
and insights gathered are aligned with the research
objectives. The adoption of inclusion and exclusion criteria
thus contributes to the rigor and validity of the research
process. It helps researchers focus their efforts on accessing
and analyzing information that is most likely to yield
valuable insights into the relationship between climate
change and plant diseases and pests. Hence, by selecting
relevant publications while filtering out irrelevant ones,
researchers can effectively address their research questions
and contribute meaningfully to the existing body of
knowledge in the field.

Table 1: Searching the Web of Science (WOS) and Scopus databases using "Climate-Change"
AND "Plant Disease Development."

Search Platform

Papers from Scopus databases 287
Papers from WOS 360
Papers selected in this study 687

Total no. of articles reviewed

Papers Total no. wused

excluded from = papers

the study

267 20
332 28
639 48
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Conditions for Disease Development
A susceptible host plant, a favorable environment, and a live
pathogen are all required for disease development. For
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present as shown in Figure 1 (Zayan, 2019). The disease
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triangle can be broken and disease development prevented
by modifying the susceptibility of host plants, the

surrounding environment, and/or the viability of pathogens.

Host

Chemical
Quality

Farmer
Attitude

Time

Environment

Figure 1: Interactions that influence the development of
plant diseases (Adopted from Zayan, 2019). The genetic
makeup of the host plant dictates its disease vulnerability
(Gu et al., 2022). The plant's susceptibility is determined by
a variety of physical and physiological parameters
(Grossiord et al., 2020), and the disease development is
influenced by the environment (Cavalli & Heard, 2019). To
infect and disseminate, pathogens typically require specific
environmental conditions. Thus, pathogens must be present
and alive. Infected plant portions and other pathogen
remains are removed, making them inaccessible to infection.
Climate change will have a varied impact on each place, and
its effects will be felt over time. Due to the great reliance on

Pathogen

Crop Area

agriculture as the primary driver of most African economies,
understanding the possible consequences of changing
climate on plant diseases is a critical problem. Climate
change is projected to raise the likelihood of disease-related
output losses in Africa. Rising temperatures, changes in the
quantity and pattern of precipitation, increased CO2 and
ozone levels (Grace et al., 2019), drought, and other effects
of human activity have had a significant impact on the
climate and ecosystems (Barnes et al., 2019). Because plant
disease is the result of interaction between a susceptible
plant, a virulent pathogen, and the environment, any change
in ecosystems can affect plant diseases (Liu & He, 2019).
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According to Turyasingura et al., (2022), climate change
and global warming are major concerns for African
agriculture and are among the most hotly disputed topics
affecting diversity resilience. Increased temperatures, rising
CO2 levels in the atmosphere, and changing precipitation
patterns all have a substantial impact on agricultural
production and crop bug pests (Malhi et al., 2021). Climate
change has a variety of effects on insect pests. They can lead
to an increase in geographic distribution; increased
overwintering survival; an increase in the number of
generations; altered synchrony between plants and pests;
altered interspecific interaction; increased risk of migratory
pest invasion; increased incidence of insect-transmitted
plant diseases; and reduced biological control effectiveness,
particularly natural enemies (Chavula, 2022). Climate
change is a primary cause of the pest population, and there
is a need for adaptation and migratory management
measures to deal with pests' shifting status (Chavula &
Turyasingura, 2022). However, data on updated integrated
pest control strategies, climate and pest population
monitoring, and the use of modeling prediction tools is
scarce.

Effect of Climate Change on Plant Diseases
Variations in pest development caused by climate change
are likely to have a variety of consequences for agricultural
production (Pham et al., 2019). Increased pest populations
stress crop plants, increasing the risk of crop loss and
lowering harvest yield and/or quality (Chavula, 2022).
Furthermore, as climate change proceeds, insect damage
will compound and combine with plant stress resulting in
direct effects on crops owing to variations in heat, rainfall,
and CO2 levels. Insects have a changeable body
temperature; therefore, they are extremely sensitive to their
environment, particularly the temperature. Insect outbreaks,
migration, biodiversity shifts, species extinctions, host
shifts, and the formation of novel pests could all be
consequences of climate change (Skendzi¢ et al., 2021).
Tropical insects that are sensitive to temperature changes
may be at higher risk as a result of global warming. They
may become extinct if temperatures rise by 2-40C, such as
the pod-sucking bug, which has a perilous limit of (15—
32)0C and has already reached 330C in the tropics
(Skendzi¢ et al., 2021). For such insects, rising temperatures
may be difficult to tolerate. Insect physiology and
development can be affected directly or indirectly by
temperature, depending on the physiology or presence of
hosts. Temperature can have a variety of consequences
depending on an insect's development plan (Willmott et al.,
2022).

Historical Perspective of Pests and Diseases
Pesticides have been employed to minimize the damage that
pests and vermin do to crops ever since the birth of
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civilization (Kogan, 1998). To fend off a plant stalk
(Puccinia graminis f.sp. tritici), the Romans created the god
Robigo, to whom they made sacrifices. Along with praying
to the gods, more conventional methods of crop protection
have been practiced for over 4,000 years. Early farmers used
plant selection for disease resistance; they chose seeds from
the best plants and conserved seeds to sow from year to year.
Greek philosopher Theophrastus noted that crop diseases
were more prevalent in the lowlands in 300 BC. As early as
200 BC, the Chinese are said to have used plant insecticides,
as well as chemical agents to treat body lice. Additionally,
around the middle of the 1600s, farmers in the south of
England discovered that wheat cultivated from seed
recovered from a shipwreck had a lower amount of bunt than
other crops. Pesticides weren't created for plant disease
management for another 2800 years. It was advised that
wheat seed be soaked in brine before planting. In 1882,
French chemist Millardet made the biggest stride toward
chemically treating plant diseases. He noticed that applying
a copper sulfate and lime solution to grapevines reduced the
amount of downy mildew on them as well. The mixture was
improved by Millardet, who gave it the name "Bordeaux
Mixture.” The Bordeaux mixture was colored "Paris Green™
to prevent grape phylloxera. Insecticides based on natural
substances, such as "pyrethrum and nicotine," were added in
the early 1900s, increasing the dependency on pesticides.
Lead arsenate was first used in pesticides in the 1890s.
However, the widespread use of pesticides in agriculture
was brought about by Paul Mauller's discovery of
dichlorodiphenyltrichloroethane (DDT) in 1939 while
working for Geigy Chemical Company. Its low cost,
endurance, low mammalian and plant toxicity, and broad-
spectrum activity ensured its widespread adoption and use.
Therefore, the success of DDT stimulated the development
of new pesticides. The effectiveness of these poisons led to
repeated downgrading or abandonment of research into
other pest control strategies. This had a big impact on
research areas that used live things. The publication of
Rachel Carson's book Silent Spring in 1962 and subsequent
allegations of excessive chemical use brought attention to
the use of biological controls recently. DDT was eliminated
and its use was outlawed globally. Recently, it has been
suggested that DDT should continue to be used against
malaria vectors in regions where the disease is prevalent.
Agriculture has traditionally employed biological control as
a component of pest management. Predatory ant colonies
were used to control caterpillars. These farmers erected
bamboo bridges between trees to aid ant migration. Russian
entomologist Elie Metchnikoff used the insect pathogen
Metarhizium anisopliae to control the sugar beet curculio in
1884. The first description of using fungal spores to control
many pine trees was published in 1963.
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Mitigation Strategies

Utilizing Integrated Nutrient Management (INM) is a
technique that combines all nutrient sources, including
organic, inorganic (chemical fertilizer), and biofertilizer,
and applies them to soils to improve crop growth, provide
high-quality yields (Selim, 2020), and avoid spread of
disease in the garden is essential to sustainable agriculture,
which calls for resource management that meets evolving
human requirements without harming the environment or
depleting essential natural resources (Chavula & Hassen,
2022). Integrated nutrient management refers to the
preservation of soil fertility and plant nutrient delivery at an
optimal level for maintaining the target production by
optimizing the benefits from all available sources (Sharma
et al., 2019). Turyasingura and Rogers (2022) note that
chemical fertilizer came under scrutiny in the early 1990s
due to its widespread use in industrialized countries was
perceived to be damaging the environment through nitrate
leaching, eutrophication, greenhouse gas emissions, and
heavy metal uptake by plants affecting crop yields.

Setting action thresholds

Integrated pest management (IPM) first establishes a
threshold or a point at which the set of related variable levels
specifies that appropriate control activities must be taken to
control pest populations, before initiating any control
decisions or actions. In addition, IPM helps to reduce pest
diseases by approximately fifty percent hence, effective at
pest management in African countries. Thus, the most
common thresholds are:

1. Density thresholds: Indicates the level of
insect population at which crop damage is noticed.

2. Period thresholds: These are the points in the
life cycle of a crop when pests are more or less
destructive than at other points.

3. Economic thresholds: The amount of
damage or pest population density at which control
actions should be implemented to avoid financial
loss to the crop. The loss that would have
happened if nothing was done should be less
expensive than the cost of control as shown below.

Monitoring and identification of pests
Numerous insects, plants, and other living things are not
seen as pests that need to be controlled (Nagy et al., 2022).
Most of the creatures aren't dangerous; in fact, some of them
are helpful. IPM programs must accurately identify and
screen for pests to combine the action determination
thresholds with proper management decisions (Scheff &
Phillips, 2022; Karlsson et al., 2020). With this method,
there is no longer a chance that pesticides will be used when
they are unnecessary or that the wrong kind of pesticide will
be used.
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Prevention

IPM programs are created to manage the crop, lawn, or
indoor space to prevent the appearance and development of
pests to accomplish effective pest control. In the case of
crops, this could entail employing suitable planting
techniques, such as crop rotation, the use of pest-free
rootstock, and the planting of resistant plant kinds (Zayan,
2019). These cost-effective control methods carry a lesser
risk to the environment and public health while yet being
very effective.

Adaptation Strategies

By biological definition, adaptation is the process by which
a species adjusts to its environment; it results from natural
selection operating over many generations on heritable
variation. According to the Intergovernmental Panel on
Climate Change (Aryal et al., 2020), adaptation is the
process of making changes to natural or human systems in
response to present or anticipated climatic stimuli or impacts
to mitigate harm or take advantage of advantageous
opportunities. Due to the increased likelihood of the
occurrence of some anticipated climate changes and the fact
that productivity and food security can only be guaranteed
if we can develop a highly effective strategy to adapt
agriculture to climate change, adaptation measures have
drawn more attention in recent years (Brar et al., 2020). In
addition, disease management under the scenario of climate
change concluded that preventive control measures, such as
the use of a variety of crop species in cropping systems,
modification of sowing or planting dates, use of disease-
resistant and abiotic stress-tolerant cultivars, application of
an integrated management strategy, and effective quarantine
systems, may become especially important (Rocklov &
Dubrow, 2020).

Conclusion

Climate change is a natural phenomenon with diverse
effects, and agriculture is a significant component directly
tied to both livelihoods and a major economic factor.
Establishing trials to breed cultivars resistant to adaptability
is essential, especially in areas where their effectiveness is
most pronounced. Exotic pathogens are identified as a
primary factor contributing to the emergence of diseases.
Hence, it is crucial to build and strengthen barriers
preventing the introduction of exotic infections, create tools
for swift diagnosis of new diseases, and provide training for
technical personnel to proficiently apply these techniques
once implemented.

Conflict of Interests
The authors have not declared any conflict of interest.


https://sjhresearchafrica.org/index.php/public-html/$$$call$$$/grid/issues/future-issue-grid/edit-issue?issueId=26

Page | 6

Funding
The authors received no funding for this research.

Availability of Data and Materials
Data generated and analyzed during the current study are
included in the body of this paper.

Authors Biography

All authors are MSc. Graduates from Africa Center of
Excellence for Climate-Smart Agriculture and Biodiversity
Conservation, College of Agriculture and Environmental
Sciences, Haramaya University.

Reference

1)

2)

3)

4)

5)

6)

7)

8)

9

Aryal, J. P., Rahut, D. B., Sapkota, T. B., Khurana, R.,

& Khatri-Chhetri, A. (2020). Climate change
mitigation options among farmers in  South
Asia. Environment, Development and

Sustainability, 22(4), 3267-3289.

Barnes, P. W., Williamson, C. E., Lucas, R. M.,
Robinson, S. A., Madronich, S., Paul, N. D., Bornman,
J. F., Bais, A. F., Sulzberger, B., & Wilson, S. R.
(2019). Ozone depletion, ultraviolet radiation, climate
change, and prospects for a sustainable future. Nature
Sustainability,2(7),569- https://doi.org/10.1038/s4189
3-019-0314-2

Brar, H. S., Sharma, A., & Gill, J. S. (2020). Adaptation
strategies being followed by paddy growers towards
climate change in Punjab state. Indian Journal of
Extension Education, 56(3), 107-110.

Cavalli, G.,, & Heard, E. (2019). Advances in
epigenetics link genetics to the environment and
disease.Nature,571(7766),489499. https://doi.org/10.1
038/s41586-019-1411-0.

Chavula, P. (2022). Successes of Integrated Pest
Management in Sorghum Production: A Review. 6(7),
110-115.

Chavula, P., & Hassen, A. (2022). Agroforestry as a
Commendable Climate-Smart Agriculture Technology
among Smallholder Farmers in Zambia: A
Review. Academia.Edu, 919-936.
https://doi.org/10.5281/zenodo.5816755

Chavula, P., & Region, O. (2022). Climate- Smart
Agriculture for Zambia's Smallholder Farmers: Review
Paper. 939-956.
https://doi.org/10.5281/zenodo.5816757

Chhogyel, N, Kumar, L., Bajgai, Y., & Hasan, M. K.
(2020). Perception of farmers on climate change and its
impacts on agriculture across various altitudinal zones
of Bhutan Himalayas. International Journal of
Environmental Science and Technology, 17(8), 3607-
3620.https://doi.org/10.1007/s13762-020-02662-8.
Chhogyel, Ngawang, Kumar, L., & Bajgai, Y. (2020).
Consequences of climate change impacts and

10)

11)

12)

13)

14)

15)

16)

17)

18)

Student’s Journal of Health Research Africa
e-1SSN: 2709-9997, p-ISSN: 3006-1059

Vol. 5 No. 3 (2024): March2024 Issue
https://doi.org/10.51168/sjhrafrica.v5i3.1030
Original Article

incidences of extreme weather events about crop
production in Bhutan. Sustainability, 12(10),
4319. https://doi.org/10.3390/su12104319.

Chavula, P., & Turyasingura, B. (2022). Critical
thinking on Green Economy for Sustainable
Development in Africa. 6(8), 181-

188.https://doi.org/10.26855/ijfsa.2022.03.003
Crespo-Pérez, V., Kazakou, E., Roubik, D. W., &
Cérdenas, R. E. (2020). The importance of insects on
land and in water: a tropical view. Current Opinion in
InsectScience,40,3138. https://doi.org/10.1016/j.cois.2
020.05.016.

Dymond, K., Celis-Diez, J. L., Potts, S. G., Howlett, B.
G., Willcox, B. K., & Garratt, M. P. D. (2021). The role
of insect pollinators in avocado production: A global
review. Journal of Applied Entomology, 145(5),369-
383. https://doi.org/10.1111/jen.12869.

El-Naggar, M. E., Abdelsalam, N. R., Fouda, M. M. G.,
Mackled, M. 1., Al-Jaddadi, M. A. M., Ali, H. M.,
Siddiqui, M. H., & Kandil, E. E. (2020). Soil
application of nano-silica on maize vyield and its
insecticidal activity against some stored insects after
the post-harvest. Nanomaterials, 10(4),
739.https://doi.org/10.3390/nan010040739.

Freire, R. M., Montero, G. A., Vesprini, J. L., &
Barberis, 1. M. (2021). Review of the interactions of an
ecological keystone species, Aechmea distichantha
Lem.(Bromeliaceae), with the associated fauna. Journal
of Natural History, 55(5-6), 283-303.
https://doi.org/10.1080/00222933.2021.1902010
Garrett, K. A., Nita, M., De Wolf, E. D., Esker, P. D.,
Gomez-Montano, L., & Sparks, A. H. (2021). Plant
pathogens as indicators of climate change. In Climate
change (pp. 499-513). Elsevier.
https://doi.org/10.1016/B978-0-12-821575-3.00024-4.
Grace, M. A., Achick, T.-F. E., Bonghan, B. E., Bih, M.
E., Ngo, N. V., Ajeck, M. J., Prudence, G. T. B., &
Ntungwen, F. C. (2019). An overview of the impact of
climate change on pathogens, and pests of crops on
sustainable food biosecurity. Int. J. Ecotoxicol.
Ecobiol, 4, 114-119.
https://doi.org/10.11648/j.ijee.20190404.15.
Grossiord, C., Buckley, T. N., Cernusak, L. A., Novick,
K. A., Poulter, B., Siegwolf, R. T. W., Sperry, J. S., &
McDowell, N. G. (2020). Plant responses to rising
vapor pressure deficit. New Phytologist, 226(6),1550-
1566. https://doi.org/10.1111/nph.16485.

Gu, Y., Banerjee, S., Dini-Andreote, F., Xu, Y., Shen,
Q., Jousset, A., & Wei, Z. (2022). Small changes in
rhizosphere microbiome composition predict disease
outcomes earlier than pathogen density variations. The
ISME Journal, 16(10), 2448-2456.
https://doi.org/10.1038/s41396-022-01290-z.



https://sjhresearchafrica.org/index.php/public-html/$$$call$$$/grid/issues/future-issue-grid/edit-issue?issueId=26
https://doi.org/10.1038/s41893-019-0314-2
https://doi.org/10.1038/s41893-019-0314-2
https://doi.org/10.1038/s41586-019-1411-0
https://doi.org/10.1038/s41586-019-1411-0
https://doi.org/10.1007/s13762-020-02662-8
https://doi.org/10.3390/su12104319
https://doi.org/10.26855/ijfsa.2022.03.003
https://doi.org/10.1016/j.cois.2020.05.016
https://doi.org/10.1016/j.cois.2020.05.016
https://doi.org/10.1111/jen.12869
https://doi.org/10.3390/nano10040739
https://doi.org/10.1080/00222933.2021.1902010
https://doi.org/10.1016/B978-0-12-821575-3.00024-4
https://doi.org/10.11648/j.ijee.20190404.15
https://doi.org/10.1111/nph.16485
https://doi.org/10.1038/s41396-022-01290-z

Page | 7

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

Harvey, C. A., Saborio-Rodriguez, M., Martinez-
Rodriguez, M. R., Viguera, B., Chain-Guadarrama, A.,
Vignola, R., & Alpizar, F. (2018). Climate change
impacts and adaptation among smallholder farmers in
Central America. Agriculture & Food Security, 7(1), 1-
20. https://doi.org/10.1186/s40066-018-0209-x.
Kambrekar, D. N., Guledgudda, S. S., Anand, K., &
Mohan, K. (2015). Impact of climate change on insect
pests and their natural enemies. Karnataka Journal of
Agricultural Sciences, 28(5), 814-816.
Karlsson Green, K., Stenberg, J. A., & Lankinen, A.
(2020). Making sense of Integrated Pest Management
(IPM) in the light of evolution. Evolutionary
Applications, 13(8), 1791-1805.
https://doi.org/10.1111/eva.13067.
Khalifa, S. A. M., Elshafiey, E. H., Shetaia, A. A., EI-
Wahed, A. A. A., Algethami, A. F., Musharraf, S. G.,
AlAjmi, M. F., Zhao, C., Masry, S. H. D., & Abdel-
Daim, M. M. (2021). Overview of bee pollination and
its economic value for crop production. Insects, 12(8),
688. https://doi.org/10.3390/insects12080688.
Kogan, M. (1998). Integrated pest management:
historical perspectives and contemporary
developments. Annual Review of Entomology, 43(1),
243270.https://doi.org/10.1146/annurev.ento.43.1.243.
Lacetera, N. (2019). Impact of climate change on
animal health and welfare. Animal Frontiers, 9(1), 26-
31. https://doi.org/10.1093/af/vfy030.
Linders, T. E. W., Schaffner, U., Eschen, R., Abebe, A,
Choge, S. K., Nigatu, L., Mbaabu, P. R., Shiferaw, H.,
& Allan, E. (2019). Direct and indirect effects of
invasive species: Biodiversity loss is a major
mechanism by which an invasive tree affects ecosystem
functioning. Journal of Ecology, 107(6), 2660-2672.
Liu, Y., & He, F. (2019). Incorporating the disease
triangle framework for testing the effect of soil-borne
pathogens on tree species diversity. Functional
Ecology, 33(7), 1211-1222.
https://doi.org/10.1111/1365-2435.13345.
Losey, J. E., & Vaughan, M. (2006). The economic
value of ecological services provided by insects.
Bioscience,56(4),311323. https://doi.org/10.1641/000
63568(2006)56[311: TEVOES]2.0.CO:;2.
Malhi, G. S., Kaur, M., & Kaushik, P. (2021). Impact
of climate change on agriculture and its mitigation
strategies: A review.  Sustainability,  13(3),
1318. https://doi.org/10.3390/su13031318.
Nagy, B., Darvas, B., & Székacs, A. (2022). The
importance of biological vision in the control of plant
pests.Ecocycles,8(2),4-
11. https://doi.org/10.19040/ecocycles.v8i2.221.
Oerke, E.-C., & Dehne, H.-W. (2004). Safeguarding
production losses in major crops and the role of crop

31)

32)

33)

34)

35)

36)

37)

38)

39)

40)

41)

Student’s Journal of Health Research Africa
e-1SSN: 2709-9997, p-ISSN: 3006-1059

Vol. 5 No. 3 (2024): March2024 Issue
https://doi.org/10.51168/sjhrafrica.v5i3.1030
Original Article

protection.  Crop  Protection, 23(4), 275-
285 https://doi.org/10.1016/j.cropro.2003.10.001.

Parr, T. B., Capps, K. A., Inamdar, S. P., & Metcalf, K.
A. (2019). Animal-mediated organic matter
transformation: Aquatic insects as a source of
microbially bioavailable organic nutrients and energy.
FunctionalEcology,33(3),524-

535. https://doi.org/10.1111/1365-2435.13242.

Pham, Y., Reardon-Smith, K., Mushtaq, S., &
Cockfield, G. (2019). The impact of climate change and
variability on coffee production: a systematic review.
Climatic Change, 156(4), 609-
630. https://doi.org/10.1007/s10584-019-02538-y.
Rocklév, J., & Dubrow, R. (2020). Climate change: an
enduring challenge for vector-borne disease prevention
and control. Nature Immunology, 21(5), 479-483.
Scheff, D. S., & Phillips, T. W. (2022). They integrated
pest management. In Storage of Cereal Grains and
TheirProducts(pp.661-675).

Elsevier. https://doi.org/10.1016/B978-0-12-812758-
2.00002-7.

Selim, M. M. (2020). Introduction to the integrated
nutrient management strategies and their contribution
to yield and soil properties. International Journal of
Agronomy,2020. https://doi.org/10.1155/2020/282167
8.

Sharma, S., Padbhushan, R., & Kumar, U. (2019).
Integrated nutrient management in rice-wheat cropping
system: evidence on sustainability in the Indian
subcontinent through  meta-analysis.  Agronomy,
9(2),71. https://doi.org/10.3390/agronomy9020071.
Shrestha, S. (2019). Effects of climate change in
agricultural insect pest. Acta Sci. Agric, 3(12), 74-
80.https://doi.org/10.31080/ASAG.2019.03.0727.
Skendzié, S., Zovko, M., Pajac Zivkovié, L, Legié, V.,
& Lemi¢, D. (2021). Effect of Climate Change on
Introduced and Native Agricultural Invasive Insect
Pests in Europe. Insects, 12(11),
985.https://doi.org/10.3390/insects12110985.
Skendzi¢, S., Zovko, M., Zivkovi¢, 1. P., Lesi¢, V., &
Lemié, D. (2021). The impact of climate change on
agricultural insect pests. Insects, 12(5), 440.
https://doi.org/10.3390/insects12050440.

Stathers, T., Holcroft, D., Kitinoja, L., Mvumi, B. M.,
English, A., Omotilewa, O., Kocher, M., Ault, J., &
Torero, M. (2020). A scoping review of interventions
for crop postharvest loss reduction in sub-Saharan
Africa and South Asia. Nature Sustainability, 3(10),
821-835. https://doi.org/10.1038/s41893-020-00622-1.
Stepanian, P. M., Entrekin, S. A., Wainwright, C. E.,
Mirkovic, D., Tank, J. L., & Kelly, J. F. (2020).
Declines in an abundant aquatic insect, the burrowing
mayfly, across major North American waterways.



https://sjhresearchafrica.org/index.php/public-html/$$$call$$$/grid/issues/future-issue-grid/edit-issue?issueId=26
https://doi.org/10.1186/s40066-018-0209-x
https://doi.org/10.1111/eva.13067
https://doi.org/10.3390/insects12080688
https://doi.org/10.1146/annurev.ento.43.1.243
https://doi.org/10.1093/af/vfy030
https://doi.org/10.1111/1365-2435.13345
https://doi.org/10.1641/00063568(2006)56%5b311:TEVOES%5d2.0.CO;2
https://doi.org/10.1641/00063568(2006)56%5b311:TEVOES%5d2.0.CO;2
https://doi.org/10.3390/su13031318
https://doi.org/10.19040/ecocycles.v8i2.221
https://doi.org/10.1016/j.cropro.2003.10.001
https://doi.org/10.1111/1365-2435.13242
https://doi.org/10.1007/s10584-019-02538-y
https://doi.org/10.1016/B978-0-12-812758-2.00002-7
https://doi.org/10.1016/B978-0-12-812758-2.00002-7
https://doi.org/10.1155/2020/2821678
https://doi.org/10.1155/2020/2821678
https://doi.org/10.3390/agronomy9020071
https://doi.org/10.31080/ASAG.2019.03.0727
https://doi.org/10.3390/insects12110985
https://doi.org/10.3390/insects12050440
https://doi.org/10.1038/s41893-020-00622-1

Page | 8

42)

43)

44)

45)

46)

47)

Proceedings of the National Academy of Sciences,
117(6), 2987-2992.
https://doi.org/10.1073/pnas.1913598117.

Thomson, D. M., & Page, M. L. (2020). The
importance of competition between insect pollinators in
the Anthropocene. Current Opinion in Insect Science,
38, 55-62. https://doi.org/10.1016/j.c0is.2019.11.001.
Tooker, J. F., & Giron, D. (2020). The evolution of
autophagy in herbivorous insects. Frontiers in Plant
Science,11,581816. https://doi.org/10.3389/fpls.2020.
581816

Turyasingura, B., & Chavula, P. (2022). Climate-Smart
Agricultural Extension Service Innovation
ApproachesinUganda. https://doi.org/10.26855/ijfsa.2
022.03.006.

Turyasingura, B., & Rogers, A. (2022). Implementation
Strategies for Pest Management in Maize Crops in
Uganda.

Turyasingura, B., Akatwijuka, R., Tumwesigye, W.,
Avyiga, N., Ruhiiga, T. M., Banerjee, A., Benzougagh,
B., & Frolov, D. (2023). Progressive Efforts in the
Implementation of Integrated Water Resources
Management (IWRM) in Uganda BT - Disaster Risk
Reduction in Agriculture (M. Ahmed & S. Ahmad
(eds.); pp. 543-558). Springer Nature Singapore.
https://doi.org/10.1007/978-981-99-1763-1_26
Turyasingura, B., Hannington, N., Kinyi, H. W,
Mohammed, F. S., Ayiga, N., Bojago, E., Benzougagh,

Publisher details:

48)

49)

50)

51)

52)

Student’s Journal of Health Research Africa
e-1SSN: 2709-9997, p-ISSN: 3006-1059

Vol. 5 No. 3 (2024): March2024 Issue
https://doi.org/10.51168/sjhrafrica.v5i3.1030
Original Article

B., Banerjee, A., & Singh, S. K. (2023). A Review of
the Effects of Climate Change on Water Resources in
Sub-Saharan Africa. African Journal of Climate
Change and Resource Sustainability, 2(1), 84-101.
Turyasingura, B., Tumwesigye, W., Atuhaire, A.,
Tumushabe, J. T., & Akatwijuka, R. (2023). A
literature review of climate-smart landscapes as a tool
in soil-water management in Sub-Saharan Africa.
Wang, K., Xie, R., Ming, B., Hou, P., Xue, J., & Li, S.
(2021). Review of combine harvester losses for maize
and influencing factors. International Journal of
Agricultural and Biological Engineering, 14(1), 1-10.
Willmott, N. J., Wong, B. B. M., Lowe, E. C,
McNamara, K. B., & Jones, T. M. (2022). Wildlife
Exploitation of Anthropogenic Change: Interactions
and Consequences. The Quarterly Review of
Biology,97(1),15-35. https://doi.org/10.1086/718748.
Yafez-Lopez, R., Torres-Pacheco, I, Guevara-
Gonzélez, R. G., Herndndez-Zul, M. I., Quijano-
Carranza, J. A., & Rico-Garcia, E. (2012). The effect of
climate change on plant diseases. African Journal of
Biotechnology,11(10),2417-

2428. https://doi.org/10.5897/AJB10.2442.

Zayan, S. A. (2019). Impact of climate change on plant
diseases and IPM strategies. In Plant Diseases-Current
Threats and Management Trends. IntechOpen.

SJC
Publishers
Company
Limited

THW AR TN

/n\

Contact: +256775434261(WhatsApp)

Website: https://sjpublisher.org

SJC PUBLISHERS COMPANY LIMITED

Category: Non-Government & Non-profit Organisation
Email: admin@sjpublisher.org, info@sjpublisher.org or studentsjournal2020@gmail.com

Location: Wisdom Centre Annex, P.O. BOX. 113407 Wakiso, Uganda, East Africa.



https://sjhresearchafrica.org/index.php/public-html/$$$call$$$/grid/issues/future-issue-grid/edit-issue?issueId=26
https://doi.org/10.1073/pnas.1913598117
https://doi.org/10.1016/j.cois.2019.11.001
https://doi.org/10.3389/fpls.2020.581816
https://doi.org/10.3389/fpls.2020.581816
https://doi.org/10.26855/ijfsa.2022.03.006
https://doi.org/10.26855/ijfsa.2022.03.006
https://doi.org/10.1086/718748
https://doi.org/10.5897/AJB10.2442

