
 

 

 

 

  



 

 

UCI 
Sustento del uso justo de materiales protegidos por 

derechos de autor para fines educativos 

La UCI desea dejar constancia de su estricto respeto a las legislaciones relacionadas con la 
propiedad intelectual. Todo material digital disponible para un curso y sus estudiantes tiene 
fines educativos y de investigación. No media en el uso de estos materiales fines de lucro, se 
entiende como casos especiales para fines educativos a distancia y en lugares donde no 
atenta contra la normal explotación de la obra y no afecta los intereses legítimos de ningún 
actor. 

La UCI hace un USO JUSTO del material, sustentado en las excepciones a las leyes de 
derechos de autor establecidas en las siguientes normativas: 

a- Legislación costarricense: Ley sobre Derechos de Autor y Derechos Conexos, 
No.6683 de 14 de octubre de 1982 - artículo 73, la Ley sobre Procedimientos de 
Observancia de los Derechos de Propiedad Intelectual, No. 8039 – artículo 58, 
permiten el copiado parcial de obras para la ilustración educativa. 
b- Legislación Mexicana; Ley Federal de Derechos de Autor; artículo 147. 
c- Legislación de Estados Unidos de América: En referencia al uso justo, menciona: 
"está consagrado en el artículo 106 de la ley de derecho de autor de los Estados 
Unidos (U.S,Copyright - Act) y establece un uso libre y gratuito de las obras para 
fines de crítica, comentarios y noticias, reportajes y docencia (lo que incluye la 
realización de copias para su uso en clase)." 
d- Legislación Canadiense: Ley de derechos de autor C-11– Referidos a 
Excepciones para Educación a Distancia. 
e- OMPI: En el marco de la legislación internacional, según la Organización Mundial 
de Propiedad Intelectual lo previsto por los tratados internacionales sobre esta 
materia. El artículo 10(2) del Convenio de Berna, permite a los países miembros 
establecer limitaciones o excepciones respecto a la posibilidad de utilizar lícitamente 
las obras literarias o artísticas a título de ilustración de la enseñanza, por medio de 
publicaciones, emisiones de radio o grabaciones sonoras o visuales. 

Además y por indicación de la UCI, los estudiantes del campus virtual tienen el deber de 
cumplir con lo que establezca la legislación correspondiente en materia de derechos de autor, 
en su país de residencia. 

Finalmente, reiteramos que en UCI no lucramos con las obras de terceros, somos estrictos con 
respecto al plagio, y no restringimos de ninguna manera el que nuestros estudiantes, 
académicos e investigadores accedan comercialmente o adquieran los documentos disponibles 
en el mercado editorial, sea directamente los documentos, o por medio de bases de datos 
científicas, pagando ellos mismos los costos asociados a dichos accesos. 

El siguiente material ha sido reproducido, con fines estrictamente didácticos e ilustrativos de los 
temas en cuestión, se utilizan en el campus virtual de la Universidad para la Cooperación 
Internacional – UCI – para ser usados exclusivamente para la función docente y el estudio 
privado de los estudiantes pertenecientes a los programas académicos. 
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Integrated Pest Management (IPM) and One Health — a 
call for action to integrate 
Timo Falkenberg1,2, Sunday Ekesi3 and Christian Borgemeister1   

One Health (OH) has gained considerable prominence since the 
beginning of the 21st century, among others, driven by the 
recent epidemics and the increasing importance of zoonotic 
diseases. Yet, despite the holistic and multidimensional nature 
of OH, to date, most emphasis has been on the interactions 
between animal and human health, with considerably less 
attention to environmental and plant health. However, there is 
growing evidence that the challenges of climate change, 
growing food and nutritional insecurity, and biodiversity loss 
can best be addressed within the context of the OH framework. 
Conceptionally, Integrated Pest Management (IPM) could 
perfectly fit into such an approach, but historically, IPM has 
been practiced very much in a compartmentalized manner. 
New approaches such as Regenerative Agriculture and 
Sustainable Intensification offer solutions to how to 
successfully embed IPM into a OH framework. 
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Introduction 
One Health (OH) is a concept that has been introduced 
in the early 2000s and has been gaining popularity ever 
since. Global disease outbreaks such as severe acute 
respiratory disease, avian influenza, zika, and most re-
cently COVID-19, have cemented OH in the policy 
agenda, accelerating various implementation initiatives 
across the globe. The OH concept is, however, not new 
but rather a rediscovery of the ancient idea of the in-
terdependencies of human and animal health and their 

links to the health of ecosystems [1]. The classical de-
piction of OH consists of a triangle or triad of three in-
terconnected circles, where the three pillars of OH 
are human, animal, and environmental health. Although 
plant health is explicitly mentioned in the definition of 
OH by the One Health Commission [2], it is tradition-
ally not viewed as part of the triad of OH ap-
proaches [3••]. 

Because of its roots in veterinary medicine, the primary 
focus of the OH concept still lies with zoonotic diseases, 
seeking collaboration between human and veterinary 
medicine, along with their allied public health dis-
ciplines [4]. The integration of environmental sciences 
and ecology into OH revolves around the drivers of 
zoonotic disease spillovers, including land-use changes 
and biodiversity loss. Another key topic addressed by 
OH is antimicrobial resistance, where responsible use of 
therapeutics is required in the human and veterinary 
health sectors, as well as in agriculture [5]. A perspective 
on the latter is increasingly integrated into more con-
temporary OH concepts to strengthen the plant-health 
component within the traditional triad. This was spear-
headed through the ‘Tripartite Agreement’, a colla-
boration between the World Health Organization, the 
World Animal Health Organization (WOAH, formerly 
OIE), and the Food and Agriculture Organization of the 
United Nations [6]. Finally, the most recent OH defi-
nition developed by the One Health High Level Expert 
Panel explicitly includes plants when laying out the aims 
of OH [7]. In this regard, the OH principle must re-
cognize a 4 H paradigm by adding plant health to the 
triad. In fact, the “Berlin Principle of One Health”, 
adopted in 2019, fully acknowledges the inter-
connectedness and interdependence of human, animal, 
plant, and environmental health [8••] (Figure 1). 

Indeed, the OH concept has not only gained significant 
global attention, but has also been expanded themati-
cally. With the increasing number of disciplines and 
policy dialogs on OH, its focus is rapidly advancing with 
more emphasis on the role of the environment, ecosys-
tems, and plants for well-being and disease prevention  
[8••,9••]. Climate-related disasters have major impacts 
on food and nutritional security and can contribute to 
biosecurity risks and disease outbreaks [10]. These 
subsequently jeopardize the stability of animal, plant, 
human, and environmental health. The accumulation of 
toxins and chemicals in the environment causes 
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significant threats to human and animal populations, 
while simultaneously endangering the biodiversity and 
ecosystem integrity. Globally, consumers are encouraged 
to eat more fruits and vegetables, and consumption 
patterns are changing. Yet, this is associated with 
emerging pathogens in such fresh produces, highlighting 
the need for tackling food-safety issues within the con-
text of OH [11]. For example, one of the top pathogens 
in leafy greens (cabbage, arugula, and kale) is Norovirus 
causing serious foodborne illnesses [12]. Hence, OH 
research into how agricultural practices influence pa-
thogen transmission is urgently needed [11]. Moreover, 
five billion people in low- and middle-income countries 
are at risks of exposure to aflatoxins that originate from 
field- production practices and are exacerbated by insect 
pests during storage [13]. The inherent health con-
sequences range from acute liver and kidney disease to 
liver cancer in humans and animals [13]. The concept of 
Integrated Pest Management (IPM) can tackle these 
issues and should be a central element in the OH fra-
mework. Clearly, IPM can be evaluated from an OH 
perspective, assessing the direct and indirect effects 
along the proposed four OH dimensions. However, IPM 
can also be conceptualized and planned as an OH in-
tervention, where the interactions between different 
plant species, livestock, arthropods, and humans are 
optimized to achieve healthy plants, animals, and hu-
mans. In fact, food and health systems will be considered 
resilient within the context of OH if they can withstand 
shocks from pest and diseases, or rapidly bounce back 

from epidemics or extreme weather events, and IPM 
should be central to such dynamics. 

A systematic literature review using the terms “One 
Health and Integrated Pest Management” yielded only 
six results, none of which explicitly integrate OH and 
IPM. Owing to the paucity of studies within this domain, 
it is necessary to illustrate the existing interactions be-
tween IPM and the individual OH dimensions and 
briefly reflect on their possible integration. 

The original concept of IPM was very much aligned with 
a contemporary OH philosophy. In the late 1950s, Stern 
et al. [14] underlined the “oneness of any environment, 
natural or man-made” and stressed that any single in-
tervention against one member of such ecosystems 
needs to consider the ripple effects on others. Building 
upon this framework, nearly 40 years later, Lewis et al.  
[15] proposed a ‘total system approach’ that considers all 
members of a given environment and their complex 
interactions and which would serve as a functioning al-
ternative to the ‘silver bullet’ solutions in conventional 
pest control. This would be the only possibility to 
counteract the escalating environmental and economic 
consequences of pest control in agriculture. To date, 
such a holistic concept has not been adopted by main-
stream IPM [16]. Rather, a compartmentalized approach 
is still prevailing, focusing on one or two crucial actors in 
a given ecosystem and not its entirety. Traditionally, 
IPM projects have focussed on either substituting 

Figure 1  

Current Opinion in Insect Science

Expanded One Health conceptualization. Addition of the plant-health sphere to the traditional One Health triad.   

2 Special section on IPM in Africa  

www.sciencedirect.com Current Opinion in Insect Science 53 (2022) 100960 



pesticides with nonchemical alternatives, or at least 
promoting a more rational and environmentally more 
conscious use of them. 

In terms of the different dimensions of OH, clearly, the 
greatest focus of IPM has been on animal and plant 
health, and in particular on arthropod control. Numerous 
studies have demonstrated the detrimental effects of 
conventional, synthetic pesticide-based plant protection 
against nontarget arthropods, in particular beneficials 
such as parasitoids [17] and predators [18]. Hence, en-
hancing biological control through the direct use and/or 
conservation of beneficials has generally been the 
mainstake of IPM, and the overall effectiveness of this 
approach has been widely accepted [19••]. More re-
cently, the negative impact of conventional pest control 
on important insect pollinators such as bees, especially 
the widespread use of neonicotinoid insecticides, has 
gained a lot of attention, both in the scientific and public 
discourse [20]. Consequently, pollination services have 
become an additional focus in IPM, leading some prac-
titioners to advocate for the concept of Integrated Pest 
and Pollinator Management [21]. In a way, this strategy 
embraces an OH approach that encompasses animal, 
environment, plant, and human health. Less attention 
has been paid to the effects on the health of livestock as 
a consequence of excessive use of pesticides as well as 
fertilizers. Studies from India suggest that the dairy 
sector was negatively affected by such management 
practices, which were greatly promoted during the 
Green Revolution. This led to a deterioration of the 
animal health and to high levels of pesticide residues in 
milk [22]. Another example is the increasing environ-
mental concerns on the widespread use of insecticides 
against tsetse flies, vectors of trypanosomes, the causal 
agents of nagana or animal trypanosomiasis, the eco-
nomically most important disease of livestock in Africa, 
which has motivated research into environmentally more 
friendly control strategies [23]. 

The use of synthetic pesticides can impact human health, 
both through direct exposure and through consumption of 
contaminated food, and various negative health effects 
associated with chemical pesticides include dermatolo-
gical, gastrointestinal, neurological, carcinogenic, re-
spiratory, reproductive, and endocrine among others  
[24,25]. The use of pesticides in high-income countries is 
strictly regulated but considerably less so in low-income 
countries. Consequently, the 6th World One Health 
Congress strongly advocated IPM to be part of the OH 
approach covering the entire value chain — from culti-
vation, harvest, food processing, and safety, to distribution 
and access [26]. Recent studies demonstrate that the 
adoption of a comprehensive IPM program to control fruit 
fly pests in Kenya can generate considerable health ben-
efits for growers [27]. And a detailed assessment of the 

impact of >  600 insecticides used for controlling the in-
vasive fall armyworm (FAW) in Africa identified several 
chemicals that are both effective and pose low risks to 
human and environmental health and thus could become 
part of IPM for FAW control [28]. 

The question is now: how to integrate these various, 
compartmentalized approaches to IPM into a more hol-
istic OH framework that embraces the different di-
mensions of the latter concept? As an attempted 
response to the global challenges, the notion of 
Regenerative Agriculture (RA) based on Sustainable 
Intensification (SI) is gaining traction [29••]. A recent 
large meta-analysis clearly demonstrated that agricultural 
diversification, a key component of RA and SI, not only 
promotes multiple ecosystems that are crucial to IPM, 
but also assures that yields are not compromised [30]. 
Moreover, nearly 1/3 of farms worldwide already suc-
cessfully practice some aspects of SI and RA [31]. What 
is crucially needed at this point are practical agronomic 
approaches that not only address the increasing need to 
produce more food for the growing populations in the 
Global South, but at the same time address the con-
current threats to plant, environmental, human, and 
animal health in a global environment that is more and 
more challenged by the effects of climate change. One 
example that can tick all these boxes is the push–pull 
system for sustainable cereal production developed in 
East Africa. It not only significantly increases the yield of 
maize and other cereal crops, but also generates fodder, 
leads to improved food and nutritional security, greater 
availability of dairy and meat, improves soil health, mi-
tigates aflatoxin contamination, and enhances biodi-
versity through biological pest and weed control [32]. 
However, scaling up such approaches will necessitate 
significant investment from various societal actors and 
most importantly the necessary political will at the na-
tional and international level. 

Human and environmental crises that are frequently 
occurring together are creating unimaginable stressors on 
food systems and threaten the ability to produce suffi-
cient healthy diets that are accessible to all. Mitigating 
these adversities will require strengthening the resi-
lience of food systems and thinking in more integrated 
ways within the context of OH. Science and innovations 
that are central to IPM that embrace RA, SI, and circular 
economy, and that are fully anchored on the concept of 
OH, should strengthen plant health, enhance biodi-
versity, build up equity, and sustain food systems that 
are resilient to climate change and other shocks while 
also promoting better health for humans, plants, animals, 
and the environment. A sustainable and climate-resilient 
food system anchored in our understanding of OH and 
IPM will be key for achieving most of the Sustainable 
Development Goals. 

One Health and IPM Falkenberg et al. 3 
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