
The Nelson Mandela AFrican Institution of Science and Technology

NM-AIST Repository https://dspace.mm-aist.ac.tz

Life sciences and Bio-engineering Research Articles [LISBE]

2019-11-28

Multiple ecosystem services from field

margin vegetation for ecological

sustainability in agriculture: scientific

evidence and knowledge gaps.

Mkenda, Prisila

PubMed

https://doi.org/10.7717/peerj.8091

Provided with love  from The Nelson Mandela African Institution of Science and Technology



Multiple ecosystem services from �eld
margin vegetation for ecological
sustainability in agriculture: scienti�c
evidence and knowledge gaps
Prisila A. Mkenda1,2,3, Patrick A. Ndakidemi1, Ernest Mbega1,
Philip C. Stevenson4,5, Sarah E.J. Arnold4, Geoff M. Gurr2,6 and
Steven R. Belmain4

1 Department of Sustainable Agriculture, Biodiversity and Ecosystems Management,
Nelson Mandela African Institution of Science and Technology, Arusha, Tanzania

2 School of Agricultural and Wine Sciences, Charles Sturt University, Wagga Wagga, NSW,
Australia

3 Department of Biosciences, Sokoine University of Agriculture, Morogoro, Tanzania
4 Natural Resources Institute, University of Greenwich, Chatham Maritime, Kent, UK
5 Royal Botanic Gardens, Kew, Richmond, Surrey, UK
6 Institute of Applied Ecology, Fujian Agriculture and Forestry University, Fuzhou, China

ABSTRACT
Background: Field margin and non-crop vegetation in agricultural systems are
potential ecosystem services providers because they offer semi-natural habitats for
both below and above ground animal groups such as soil organisms, small mammals,
birds and arthropods that are service supplying units. They are considered as a target
area for enhancing farm biodiversity.
Methodology: To explore the multiple potential bene�ts of these semi-natural
habitats and to identify research trends and knowledge gaps globally, a review was
carried out following the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines. A total of 235 publications from the year 2000 to 2016 in
the Scopus and Web of Science databases were reviewed.
Results: The literature showed an increasing trend in the number of published
articles over time with European studies leading in the proportion of studies
conducted, followed by North America, Asia, South America, Africa and
Australia. Several functional groups of organisms were studied from �eld margin and
non-crop vegetation around agricultural lands including natural enemies (37%),
insect pests (22%), birds (17%), pollinators (16%), soil macro fauna (4%)
and small mammals (4%). Ecosystem services derived from the �eld margin included
natural pest regulation, pollination, nutrient cycling and reduced offsite
erosion. Some �eld margin plants were reported to host detrimental crop pests, a
major ecosystem dis-service, potentially leading to increased pest infestation in the
�eld.
Conclusion: The majority of studies revealed the importance of �eld margin and
non-crop vegetation around arable �elds in enhancing ecosystem biodiversity.
Promotion of �eld margin plants that selectively enhance the population of bene�cial
organisms would support sustainable food security rather than simply boosting plant
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diversity. Our analyses also highlight that agro-ecological studies remain largely
overlooked in some regions.

Subjects Agricultural Science, Biodiversity, Ecology, Ecosystem Science, Natural Resource
Management
Keywords Agro-ecological intensi�cation, Biological control, Predation, Insect�plant interactions,
Sustainable agriculture, Biodiversity

INTRODUCTION
The world population is currently 7.7 billion (United Nations, Department of Economics
and Social Affairs, 2019) and it is projected to grow to 9.5 billion in 2050 (Lal, 2015) and
more than 12 billion by the end of the 21st century, with most of the increase expected to
occur in Africa (Gerland et al., 2014). Consequently, food demand will escalate (Valin
et al., 2014); however, agricultural intensi�cation through monocultured cropping systems
is not a promising strategy for future needs due to adverse environmental effects (Jonsson
et al., 2012; Robinson & Sutherland, 2002). In addition, conversion of natural and
semi-natural habitats to arable farms with increased chemical inputs are among the threats
to sustainable agriculture (Meehan et al., 2011). Agricultural intensi�cation has replaced
much of the native vegetation across the world and it is estimated about 70% of tropical
land is under agriculture and/or pasture modi�ed systems (McNeely & Scherr, 2003;
Ordway, Asner & Lambin, 2017). Intensive agricultural systems are associated with
negative environmental impacts, including decreased biodiversity of wild plants and
animals. This can lead to increased pest damage as a result of decline in natural pest
control often caused by increased chemical inputs (Jonsson et al., 2012) whilst promoting
pest abundance through monoculture cropping systems (Meehan et al., 2011). Various
approaches can be taken to mitigate these impacts, including the adoption of intercropping
(Martin-Guay et al., 2018). However, the focus on �eld manipulation might be insuf�cient
to increase biodiversity of the farmland throughout the year unless it is supplemented
with proper management of the �eld margins (Wiggers et al., 2016).

In most farmland, �eld margin vegetation may represent the key semi-natural habitat
available to enhance biodiversity. Field margin abundance, location and management
practices can determine the environmental bene�ts obtained. Field margins can be
managed for provision of multiple ecosystem services such as medicinal products (Rigat
et al., 2009), reduced soil erosion and/or nutrient runoff (Sheppard et al., 2006), increased
litter decomposition (Smith et al., 2009) and reduced air and water pollution from
runoff and pesticide spray drift (Sheppard et al., 2006). Other bene�ts include increased
biodiversity of different plant and animal groups with various environmental bene�ts.
Field margins at the boundary of sensitive features like watercourses can provide
additional environmental bene�ts like protection of water sources from soil erosion and
agricultural pollutants compared with �eld margin that separates two arable farms
(Hackett & Lawrence, 2014). In addition, �eld margins can serve as habitat corridors to
connect other remnant semi-natural habitat fragments such as woodlands (Marshall &
Moonen, 2002). In terms of management, �eld margins can promote more diverse
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organisms when there is also reduced pesticide use, tillage and enhanced crop cover
compared with a conventionally managed crop (Vickery, Feber & Fuller, 2009). Field
margins can be designed to provide a particular bene�t for a particular group of organisms.
Increased numbers of aerial insects, which are the target food for black-tailed godwit
chicks, can be supported through management of �eld margins of intensively managed
grass �elds (Wiggers et al., 2016). Likewise, Rouabah et al. (2015) and Woodcock et al.
(2008) observed positive responses of carabid beetle distribution and diversity as a result of
different management levels of the �eld margins that increased sward architectural
complexity through combinations of inorganic fertilizers, grazing and cutting at different
heights and time. Ramsden et al. (2015) reported on the potential of �eld margins for food
provisioning, overwintering sites and hosts to various predators and parasitoids for
enhanced biological control services in agro-ecosystems. Several studies have reported on
the importance of �eld margin management in arable �elds for the provision of foraging
habitats, nesting sites, food resources and shelter for invertebrates and vertebrates
(Bianchi, Booij & Tscharntke, 2006; Gurr, Wratten & Luna, 2003; Landis, Wratten & Gurr,
2000; Marshall, 2004). These bene�ts can be particularly important after disturbances
caused by agricultural practices like tillage, pesticide application and harvesting
(Lee, Menalled & Landis, 2001). Field margin establishment and management is one of
the affordable measures by a majority of the farmers due to the associated multiple bene�ts
including biodiversity, conservation and functional values (Moorman et al., 2013).
Understanding the various bene�ts of �eld margin and non-crop vegetation in agriculture
and the environment is particularly important for proper management.

Field margins consist of native and/or non-native plants that separate the cropped area
from hedgerows or other off crop features. Broadly, �eld margins are grouped under two
major categories: cropped �eld margins and uncropped �eld margins (Vickery, Feber &
Fuller, 2009). Cropped �eld margins contain sown arable crops that are identi�ed using
ecological and conservation principles. Margins can be managed using the existing �eld
operations where the cultivated strip land is left to regenerate naturally or planting strips to
provide food resources to insects. Uncropped �eld margins are set aside margins that are
sown (with wild seed mixtures) or left to regenerate naturally without human
manipulation. Both cropped and uncropped �eld margins can be maintained in various
ways including cutting to reduce shading and invasion to the �eld.

Field margins may provide various environmental bene�ts depending on the
establishment and management method employed (Bowie et al., 2014; Fritch et al., 2011;
hUallacháin et al., 2014; Meek et al., 2002; Vickery, Carter & Fuller, 2002; Walker et al.,
2007). For example, uncropped margin types were found to be more capable of supporting
high plant density compared with cropped �eld margins, due to the effect of competition
from the crop (Walker et al., 2007). Multiple bene�ts may be achieved where different
margin types are incorporated at the same farm because no single �eld margin is capable of
providing the required food and habitat resources to all plants and animal groups (Olson &
Wäckers, 2007; Vickery, Feber & Fuller, 2009; Woodcock et al., 2009). Establishment and
management method employed upon the �eld margin in arable farmland (Fig. 1) may
signi�cantly in�uence the long term conservation values (Smith et al., 2010). Therefore, the
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intention of integrating agronomic and biodiversity objectives may be achieved through
�eld margin establishment and management.

SURVEY METHODOLOGY
The objective of the study was to analyze the multifunctional role of �eld margin and
non-crop vegetation in agriculture and to identify research trends and knowledge gaps in
the world by reviewing published articles. The review was carried out following the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines (Moher
et al., 2009) and focused on both geographical and temporal distribution of the studies
published in the year 2000�2016. The literature was accessed from Scopus scienti�c
database using a series of key words: ��eld margin�� OR �non crop�� OR �margin plant��
OR �border plant�� OR �margin vegetation�� in the subject area of agricultural, biological
and environmental sciences.

A total of 1,153 research articles, 63 review papers and 54 conference papers containing
the key words in title, abstract or keywords were found. These items were trimmed to 204
research articles, �ve review papers and eight conference papers, making a total of 217
publications based on the criterion that the search terms appeared in the title. A further
search using the same key words in the title from Web of Science database led to 197
research articles and 10 proceedings papers. These publications were then crosschecked
between the two databases to avoid duplications, adding eight research articles and 10
conference papers/proceedings as the only additional materials from the Web of Science
database. This brought the total number of publications considered in this review to 235.
Detailed analysis of the literature was done to extract information on the spatial data
(study location), animal groups studied and ecosystem services and disservices derived

Figure 1 Field margin management practices, undisturbed (A) and disturbed (B). Undisturbed �eld
margin vegetation around agricultural lands are useful in provision of nectar and habitat for bene�cial
arthropods thereby enhancing ecosystem services. Disturbed or cleared �eld margins are less ef�cient in
enhancing bene�cial arthropods. Photo credit: Patrick Ndakidemi.
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