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Abstract 
Ecosystem services offer diverse advantages 
for the welfare of humanity, encompassing 
provisioning, regulating, and cultural services. 
These benefits extend to both private and public 
interests across various sectors in society. The 
concept of trade-offs and synergy in ecosystem 
services plays a pivotal role in understanding 
the complex interplay between human 
activities, particularly agricultural production, 
and the broader environment. Agricultural 
expansion emerges as a significant driver of 
trade-offs, causing losses in various ecosystem 
services. The intensified use of land for food 
and feed production further exacerbates these 

negative impacts, particularly on biodiversity. 
However, amidst these trade-offs, there is 
recognition of the potential for synergies, with 
grasslands emerging as key facilitators. 
Grasslands not only support agricultural 
production but also contribute positively to 
ecosystem services such as carbon 
sequestration and biodiversity. This 
multifaceted role positions grasslands as 
valuable components in strategies aiming to 
soften trade-offs and enhance overall ecological 
resilience. 
Keywords: Ecosystem, services, biodiversity, 
trade-offs, synergies, resilience 

Introduction  
A considerable amount of research has 
concentrated on how specific ecosystems or 
groups cater to the supply or demand of a single 
(or a few) ecosystem service (ES). However, in 
reality, ecosystems or landscapes, along with 
their biodiversity, contribute to multiple 
ecosystem services that are interconnected. To 
make informed decisions and manage these 
ecosystems effectively, it is crucial to focus on 
all relevant ES and understand the relationships 
between them, as highlighted by Kandziora et 
al. (2013). When the simultaneous provision of 
several desired ES is challenging, when they 
strongly impede each other, or when conflicts 

arise, these situations are referred to as "ES 
trade-offs." The term 'trade-off' originated in 
the 1960s in economic theory, stemming from 
the verb 'to trade off.' It generally involves 
sacrificing one quality or aspect to gain another. 
In contemporary usage, it refers to situations 
where a choice must be made among two or 
more things that cannot be obtained 
simultaneously. Although 'trade-off' is a widely 
used term in the ES literature, it encompasses 
various phenomena, including conflicting land 
uses, negative correlations in the spatial 
occurrences of ES, ES incompatibilities, 
rivalry, and the excludability of ES.  
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Concept and Definition 
Expanding on interpretations from sources such 
as Rodriguez et al. (2006), the following 
definitions are proposed: 
• A trade-off is defined as a scenario in which 

the utilization of one ecosystem service (ES) 
leads to a direct reduction in the benefits 
provided by another. Changes in the use of 
ES may be triggered by demand and/or 
supply considerations. Such trade-offs can 
occur either in the same location or in 
different areas, exemplified by the impact of 
forest management for wood production on 
local recreation and downstream water 
quality. A specific instance involves a trade-
off between the current and future utilization 
of the same ES, as seen in the overharvesting 
of a fish stock. 

• In developing nations, trade-offs are 
measured by assessing system-level inputs 
and outputs, including factors such as crop 
production, household labor utilization, and 
environmental considerations like water 
usage. 

• A synergy is characterized as a situation 
where the utilization of one ES results in a 
direct enhancement of the benefits supplied 
by another service. For instance, the 
protection of a coral reef area can positively 
influence fish abundance, leading to 
increased algal grazing and subsequently 
safeguarding the coral, ultimately enriching 
recreation opportunities. 

Tradeoffs in Agriculture 
In the realm of agriculture, trade-offs can 
manifest at various hierarchical levels. These 
compromises extend from individual crops 
(such as choosing between grain and crop 
residue) and animals (deciding between milk 
and meat production) to fields (balancing grain 
production with considerations for nitrate 
leaching and water quality), entire farms 
(opting for the cultivation of one crop over 
another), and the broader landscape and beyond 
(weighing agricultural production against the 
preservation of natural land). Farmers, as 
individuals, grapple with trade-offs as they 
navigate the tension between maximizing short-
term production and ensuring long-term 
sustainability. Within landscapes, conflicts may 
arise as individuals vie for competing uses of 
land. Consequently, trade-offs are inherent 
within agricultural systems, occurring between 
agricultural pursuits and broader environmental 
or socio-cultural objectives, across various 
temporal and spatial scales, and involving 
diverse stakeholders. A comprehensive 
understanding of the dynamic processes that 
give rise to and modify these trade-offs is 
crucial for realizing a sustainable and food-
secure future. 

There can be trade-offs between adaptation and 
mitigation efforts. Adaptation measures may 
inadvertently lead to increased emissions. For 
instance, if ecosystem management focuses on 
enhancing water balance for the benefit of those 
adapting to climate change, it might sometimes 
achieve the best results through ecosystems 
with low carbon content, like grasslands, rather 
than forests (Locatelli and Vignola, 2009). 
Conversely, mitigation actions can heighten 
vulnerability. For example, a monoculture that 
utilizes fast-growing, high-water consumption 
species may excel in terms of carbon storage 
and mitigation but can result in downstream 
water shortages and biodiversity losses, thereby 
increasing social and ecological vulnerability to 
climate change. Initiatives like a REDD+ 
project could heighten livelihood vulnerability 
if they curtail the rights and access of local 
communities to forest-related resources. While 
adaptation and mitigation strategies differ 
significantly in their objectives, spatial and 
temporal scales, there is a growing imperative 
to pursue them in tandem (Warren, 2011). 
Recognizing that ecosystems can 
simultaneously offer services for both 
adaptation and mitigation, policies and local 
endeavors related to ecosystem management 
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can be designed to incorporate both climate 
change strategies and avoid conflicts between 
them. Beyond integrating adaptation and 
mitigation, there is a pressing need to 

incorporate climate change considerations into 
the policy realms of ecosystem management 
and rural development (Kok and de Coninck, 
2007).

Examples of trade-offs in agricultural systems (adapted from Klapwijk et al., 2014) 
Example Indicators Nature of trade-off Alleviation possible? 

Ammonium volatilization 
versus denitrification or 

nitrate leaching (Velthof et 
al., 2009) 

Ammonia and nitrous 
oxide emissions and 

nitrate-N concentration 
in groundwater 

Pollution swapping (air 
quality versus climate 
change versus water 

quality); field production 
scale 

Optimize timing and 
rate of N application 

for crop growth, avoid 
excess mineral N in 

soil 

Farm scale production versus 
environmental impact 
(Linquist et al., 2012) 

Farm level grain yield, 
farm level greenhouse 
gas emissions, nitrate-

N concentration in 
groundwater 

Agriculture versus the 
environment; across 

spatial scales: field to 
landscape 

Agro-ecological 
intensification, 

effective application of 
N fertilizers to increase 

crop recovery 
efficiency 

Long-term soil fertility 
improvement through green 
manure agroforestry species 

versus immediate food 
production 

Soil fertility (soil C 
content) after 5 years 

of green manure 
treatment versus 
immediate food 

production 

Immediate food and cash 
needs versus long-term 

sustainability of 
production; across 

temporal scales 

Use of external inputs, 
to intensify food 
production on a 

smaller land area 

Croppers versus cattle 
owners versus wildlife in 

East Africa (Thornton et al., 
2006) 

Cropped areas, 
household income, 

food insecurity 

Limited availability of 
land; across spatial scales 

Income diversification, 
preservation of wildlife 

and cattle movement 
corridors 

Allocation of crop residues 
to fodder for cattle versus 
mulch for soil and water 

conservation (Valbuena et 
al., 2012) 

Milk production 
versus crop production 

Limited availability of 
organic resources; farm 

scale 

Input use to increase 
amounts of crop 
residue produced 

Sale of labour causing delay 
in own crop management 
versus use labour for own 

production 

Labour sold versus 
crop production and 
household food self-

sufficiency 

Seasonality resulting in 
immediate cash or food 
needs versus household 
food-self-sufficiency; at 

farm scale 

 

 

Importance of trade-offs in agriculture 
Balancing nature in agriculture involves 
understanding the intricate relationships 
between organisms, ecosystems and 
agricultural practices. While agriculture aims to 
meet the growing demand for food, fiber and 
other agricultural products, it often intersects 
with natural ecosystems and finding the right 

balance is crucial. Here are some specific 
trades-offs and their importance: 
Pest Management: Effective pest management 
is essential for maximizing crop yields and 
ensuring food security. However, many 
conventional pests control methods, such as 
chemical pesticides, can have adverse effects 
on non-target organisms and the environment. 
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Balancing pest management involves 
minimizing the use of chemical pesticides and 
adopting integrated pest management (IPM) 
strategies. This may involve introducing natural 
predators, using crop rotation, planting pest-
resistant crop varieties, and practicing cultural 
control methods. Over-reliance on chemical 
pesticides can lead to pesticide resistance in 
pests, harm beneficial organisms, contaminate 
water bodies, and degrade soil health. 
Therefore, maintaining a balance between pest 
control and ecological sustainability is crucial 
for long-term agricultural viability. 
Soil Health: Healthy soil is the foundation of 
agriculture, providing essential nutrients, water 
retention, and support for plant growth. 
However, intensive agricultural practices, such 
as monoculture and excessive tillage, can 
degrade soil health over time. Balancing soil 
health involves adopting conservation tillage 
practices, diversifying crop rotations, 
integrating cover crops, and minimizing 
chemical inputs. Soil degradation can lead to 
decreased crop yields, increased erosion, 
nutrient runoff, and loss of soil biodiversity. By 
prioritizing soil health in agricultural practices, 
farmers can enhance long-term productivity 
and sustainability. 
Biodiversity Conservation: Biodiversity plays 
a crucial role in agricultural ecosystems, 
contributing to pollination, pest control, soil 
fertility, and resilience to environmental 
stressors. Balancing biodiversity conservation 
with agricultural production involves 
preserving natural habitats, creating wildlife 
corridors, implementing agroforestry practices, 
and promoting crop diversity. Loss of 
biodiversity can disrupt ecosystem functioning, 

reduce resilience to pests and diseases, and 
compromise long-term agricultural 
sustainability. By promoting biodiversity-
friendly farming practices, farmers can enhance 
ecosystem services and improve overall 
productivity. 
Water Management: Water is essential for crop 
growth, but inefficient water management 
practices can lead to water scarcity, pollution, 
and ecosystem degradation. Balancing water 
management involves implementing efficient 
irrigation techniques, adopting water-saving 
technologies, practicing soil conservation 
measures, and protecting water quality. Over-
extraction of water for irrigation can deplete 
aquifers, reduce stream flows, and degrade 
water quality through nutrient runoff and 
pesticide contamination. By promoting 
sustainable water management practices, 
farmers can conserve water resources and 
minimize environmental impacts. 
Climate Change Mitigation and Adaptation: 
Agriculture is both impacted by and contributes 
to climate change. Therefore, addressing 
climate change through mitigation and 
adaptation measures is crucial for sustainable 
agriculture. Balancing climate change 
mitigation and adaptation involves reducing 
greenhouse gas emissions from agricultural 
activities, improving carbon sequestration in 
soils and vegetation, and implementing resilient 
farming practices. Climate change can lead to 
shifts in temperature, precipitation patterns, and 
extreme weather events, affecting crop yields, 
water availability, and ecosystem stability. By 
adopting climate-smart agricultural practices, 
farmers can mitigate climate-related risks and 
enhance agricultural resilience.

Conclusion 
While maximizing provisioning services in 
agro ecosystems may lead to tradeoffs with 
other ecosystem services, careful management 
can significantly mitigate or eliminate these 
tradeoffs. The effective implementation of 
agricultural management practices is vital for 
realizing the benefits of ecosystem services and 
minimizing negative impacts from agricultural 

activities. Climate change poses additional 
challenges in this context, but recent 
advancements in assessing the value of diverse 
ecosystem services related to agriculture offer 
opportunities to analyze and optimize tradeoffs 
and synergies. Future research should address 
these challenges within explicit spatial and 
temporal frameworks.
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