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Abstract
Background  The global agriculture sector is expected to contribute towards carbon net zero by adopting 
interventions to reduce/offset greenhouse gas emissions and increase carbon sequestration/removal. Many of these 
interventions require change to land management and agriculturally associated habitats, subsequently impacting 
biodiversity. This relationship is important as the Convention on Biological Diversity has also pledged to reverse nature 
decline. To understand this relationship, a systematic map was developed to collate evidence relating to the impacts 
of carbon footprint reducing interventions on agriculturally associated biodiversity. This systematic map collated 
studies from temperate farming systems including northern Europe, North America and New Zealand.

Methods  A protocol was published to define the methodology. Potentially relevant articles were identified by 
searching three academic databases using a predefined search string. Also, nine organisational websites were 
searched using key words. All potentially relevant articles were exported into EPPI-Reviewer-Web. Following 
deduplication, the remaining articles were screened at title and abstract level, partially with the aide of machine 
learning, before full text screening and extraction of metadata.

Review findings  Screening began with 67,617 articles that ended with an evidence base of 820 primary research 
studies and 82 reviews. The evidence base includes studies from 1978 to April 2024, of which 81% were studies that 
lasted less than 5 years. Whilst microorganisms (n = 328), arthropods (n = 190), worms (n = 121) and plants (n = 118) 
were well represented in the evidence base, other groups such as birds (n = 32), gastropods (n = 16), mammals (n = 13), 
amphibians (n = 1) and reptiles (n = 1) were represented less well. The most studied interventions were to increase 
soil organic carbon through reduced tillage (n = 227) and cover cropping (n = 136). However, there were less than five 
studies in total for the following land management objectives: avoiding soil compaction (n = 2), precision farming 
(n = 2) and renewable energy production. Study authors reported carbon footprint-reducing practices to positively 
impact biodiversity in 65% of studies, to have mixed effects in 11%, negative in 8% and no effect in 16% of studies. As 
no critical appraisal was carried out on the included studies, we recommend further study validation and synthesis in 
order to support these findings.

What evidence exists on how biodiversity is 
affected by the adoption of carbon footprint-
reducing agricultural practices? A systematic 
map
Stuart Rowlands1*, Julia Casperd1, Michael R. F. Lee1, Scott Kirby1 and Nicola Randall1

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
https://doi.org/10.1186/s13750-025-00372-7
http://crossmark.crossref.org/dialog/?doi=10.1186/s13750-025-00372-7&domain=pdf&date_stamp=2025-9-26


Page 2 of 20Rowlands et al. Environmental Evidence           (2025) 14:16 

Background
Changes to land management are critical and time-
bound in meeting the commitments to the Convention 
on Climate Change and the Convention on Biological 
Diversity [1]. For instance, the UK must be carbon net 
zero (CNZ) by 2050 [2] and have reversed the decline in 
nature by 2040 [3]. In many countries with high popula-
tion density, land is a premium commodity, the posses-
sion of which is in demand for many sectors. Agriculture 
is often the dominant land use [4] which is under pres-
sure to increase efficiency to feed rising populations and 
keep food costs low [5]. It is unlikely that large increases 
in land will be made available for food production given 
concurrent demands for increased forestry, housing 
development, recreation, conservation and other uses 
such as renewable energy production. Existing agricul-
tural land must therefore balance the requirement to 
produce more food with contributing to environmental 
targets. Currently however, agriculture appears to be det-
rimental to, rather than in support of, CNZ and nature 
recovery [5].

Indicator species monitoring, used as a proxy to indi-
cate overall biodiversity within an ecosystem [6], reveals 
that European farmland biodiversity has been on a down-
wards trajectory for decades. In England, for example, 
the abundance of farmland birds has declined by 61% 
from 1970 to 2022 [7]. Largely to blame is market force-
driven intensification to maximise the productivity of 
land and resources [8]. Post World War II intensifica-
tion resulted in widespread losses of seminatural habitats 
that was accelerated by technological advances [5, 9, 10]. 
Agricultural field sizes have increased due to the removal 
of hedges, and previously unfarmed areas have been 
brought into cultivation by the capabilities of increasingly 
sophisticated farm machinery [11]. Seminatural habi-
tats on farms, such as hedges, provide food shelter and 
connectivity for wildlife to thrive. Many species aid agri-
cultural production through the provision of ecosystem 
services, such as the pollination of crops [12], pest control 
[13, 14] and soil health [15]. Declining numbers of these 
species have reduced these ecosystem services [16] and 
have fuelled an increase in the application of pesticide 

agrochemicals (herbicides, fungicides and insecticides). 
Many pesticides have been reported to harm nontarget 
species [17, 18], further negatively impacting on-farm 
biodiversity.

Market forces have also influenced what farmers grow. 
Many farms grow a reduced variety of predominantly 
high-value crops, when compared with pre-supermarket 
times, when local farms supplied a range of products to 
local markets [9, 10, 19]. A reduction in the number of 
crops grown, in a landscape, can reduce habitat provi-
sion and functional diversity. This effect is evident in the 
90% decline of traditional orchards since the 1950s which 
once provided nesting sites for tree dwelling species and 
a provider of nectar for pollinators at different times of 
year on farms [20, 21].

In addition to contributing to the decline in biodi-
versity, agriculture accounts for 9.4% of United States 
of America’s and 11% of total European Union and UK 
greenhouse gas (GHG) emissions [22–24] despite con-
tributing a relatively small amount directly to gross 
domestic product (GDP) (0.56% UK GDP [25]), although 
indirectly the agri-food sector contributes 6.5% to UK 
Gross Value Added. The majority of GHG emissions in 
temperate agricultural production systems are methane 
from ruminant cattle, nitrous oxide from artificial fertil-
isers and carbon dioxide from farm machinery and soils 
[23, 26, 27]. The UK’s Climate Change Committee (CCC) 
reports that if the UK is to meet its 6th carbon budget, the 
agricultural sector must reduce emissions by 10 MtCO2e 
(approximately a 20% reduction from a 2019 baseline by 
2033) whilst recognising that agriculture will be a sector 
where residual emissions will need to be offset by carbon 
removals because of unavoidable biogenic emissions [28]. 
Agricultural emissions have stagnated over the previ-
ous decade which could indicate that current policies to 
reduce the carbon footprint of farming are having little 
effect [27]. However, productivity has increased in many 
agricultural sectors. This is evident in the dairy sector. 
Production has increased by 13% since 1990, whilst the 
number of livestock has reduced by 21% [22]. Therefore, 
the carbon footprint of a litre of milk is lower, but overall 
dairy sector emissions have not significantly reduced.

Conclusions  The evidence base has highlighted evidence clusters and gaps on how farming practices that can 
reduce the carbon footprint of a farm impacts agriculturally associated biodiversity. There are many areas for further 
research including studies investigating the long-term relationship of interventions that alter habitats over a long 
period such as rewetting peat soils and increasing tree cover. Future research should observe abundance and 
diversity of multiple species to generate a better understanding of an intervention’s impact. The review evidence base 
largely matched the primary evidence base, however none were conducted with systematic methodologies. This 
systematic map is intended to direct further primary and secondary research to improve the understanding of how 
carbon footprint reducing practices impact biodiversity, thus contributing towards meeting the legally binding global 
environmental targets in concert.

Keywords  Agroecosystem, Evidence synthesis, Farming, Greenhouse gas, Land use, Net zero
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The actors in farming’s transition to net zero carbon 
emissions includes governments, industries who include 
agricultural emissions as part of their Scope 3 (GHG) 
emission reporting [29] and farm support groups. There 
is large consensus between the different stakeholders 
on the methods proposed to achieve this shared aim. In 
2019, the National Farmers Union (NFU) [30] published 
a report on how farmers can reach CNZ. Land manage-
ment objectives to reach CNZ have been included in the 
Institute for European Environmental Policy and UK’s 
CCC most recent policy suggestions for land use [31, 32].

Many of the land management objectives being pro-
moted involve land use change or land management 
change. Therefore, they have the potential to alter habitat 
provisions (such as food and shelter) within agroecosys-
tems, thus impacting biodiversity. For example, increas-
ing tree cover on agricultural land, such as through 
agroforestry, is being promoted to increase overall car-
bon sequestration/removal (contributing to CNZ [32]) 
and create new habitat [3]. Similarly, other promoted 
interventions have the potential to change habitats 
while reducing the carbon footprint of agriculture. This 
includes actions to improve soil health, such as avoid-
ing soil compaction, precision farming, increasing soil 
organic carbon (SOC) and reducing synthetic fertiliser 
application [33]. Growing biomass for bioenergy produc-
tion and the generation of renewable energy will also alter 
agricultural landscapes [34]. Although, to comply with 
Article 1b of the Paris Agreement (to limit global warm-
ing but not at the expense of food production [35]), focus 
should be on converting less productive areas for this 
purpose. Similarly, the restoration of drained, highly fer-
tile/productive agricultural peat soils involves raising the 
water table to reduce GHG emissions [36]. Thus, result-
ing in considerable habitat changes to the agroecosystem. 
The CCC [31] suggested that 50% of upland peat and 25% 
of lowland peat should be restored. This includes inves-
tigating the viability of continuing to farm rewetted peat 
soils for food and fibre, known as paludiculture.

Stakeholders that influence agricultural production 
need to understand the full impact of the pressures that 
are being imposed upon agriculture. Intensification of 
agricultural land in the mid-twentieth century instigated 
a change in the landscape without full knowledge of its 
potential for environmental damage [19]. Therefore, a 
drive towards a carbon or a nature recovery target al.one, 
should be cautious of wider sustainability implications.

Theory of change
Many of the interventions that are being encouraged to 
reduce the carbon footprint of agriculture, such as grow-
ing crops for bioenergy, will impact farmland species 
through changes to habitat provision and habitat man-
agement [33, 34, 36]. Understanding this relationship is 

imperative to ensure that CNZ and nature recovery tar-
gets are met. For example, agroforestry and other inter-
ventions to increase tree cover on farmland are widely 
promoted as tools to reach CNZ [31]. Trees are ben-
eficial to many species and can be considered good for 
biodiversity [37]. However, tree establishment can be det-
rimental to on-farm biodiversity, as it requires protection 
from mammal browsing and protection from competing 
weeds, often requiring chemical control. Therefore, an 
understanding of a tree’s lifetime impacts on biodiver-
sity is needed. Additionally, understanding how increas-
ing tree cover impacts all species within and surrounding 
agricultural land is needed. For example, trees and hedges 
provide an ideal habitat and ecotone for many birds, but 
in areas highlighted for ground-nesting species conser-
vation, such as lapwing (Vanellus spp.), this can have a 
negative effect, as increasing tree cover results in their 
displacement due to increased predation [38].

Our understanding is that at this point, no systematic 
map has been undertaken to gather all relevant evidence 
on how widely adoptable carbon footprint-reducing 
interventions impact biodiversity on temperate agri-
cultural land. A comprehensive, transparent, objective 
evidence synthesis of this subject is needed to inform 
stakeholders of agricultural land to make informed deci-
sions about how to reverse the decline in biodiversity 
whilst reaching CNZ. To understand an intervention’s 
full impact on biodiversity, assessments of its impact 
on multiple species, including those of principle impor-
tance need to be performed. Therefore, a systematic map 
is proposed to understand what evidence exists on how 
carbon footprint-reducing interventions impact organ-
isms on agricultural land and surrounding agroecosys-
tems. The findings of this map are intended to be used 
by agricultural land stakeholders, including farmers and 
policy makers, to implement or promote interventions 
to meet local environmental goals to contribute to global 
environmental targets.

Stakeholder engagement
The systematic map title and research question were 
presented at a stakeholder meeting (see ‘Funding’ sec-
tion) where the stakeholder group discussed the purpose 
and importance of the research in the context of a wider 
research project.

Objective of the review
The objective of this review was to identify and systemat-
ically map research investigating how land management 
objectives that are promoted to lower GHG emissions 
or increase carbon sequestration impact biodiversity on 
agricultural land and associated agroecosystems. The 
map is restricted in geographic scope to temperate 
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climates and farming systems like those of the UK (e.g. 
grassland grazing, arable, horticultural and viticulture).

Primary question
Primary Question: What evidence exists that the adop-
tion of agricultural practices to reduce a farm’s carbon 
footprint impacts on-farm biodiversity?

Methods
This systematic map followed the Collaboration for Envi-
ronmental Evidence (CEE) guidelines [39] and complied 
with the Reporting Standards for Evidence Synthesis 
(ROSES) [40] (Additional File 1). The protocol for this 
map was published on PROCEED [41]; some deviations 
from the published protocol were required, these are dis-
cussed in the next section.

Deviations from the protocol
Searching
The Scopus database was included to increase the com-
prehensiveness of the search. The first 20,000 articles 
sorted by relevance were exported, as that was the limit 
of the database.

Screening
The inclusion criteria for climate were restricted to tem-
perate areas of Europe, North America and New Zea-
land. Owing to the volume of articles, a double screening 
(where the same study is assessed by two reviewers to 
check the precision of the inclusion criteria) of the title 
and abstract was carried out on 2% (850) of articles rather 
than 5% as stated in the protocol.

Data coding
Minor changes to the coding strategy were made to 
streamline the coding process. The longitude and latitude 
of a study location were not recorded; rather, the country 
of the study was recorded. Coding of the author reported 
outcome of the study was changed from ‘yes/no’ to report 
if the effect that was reported by the authors were posi-
tive, negative, mixed effect (where some species benefit, 
and others are disadvantaged by an intervention) or there 
was no significant change to the abundance and/or diver-
sity of the studied population (shown by ‘+’ or ‘−’ or ‘+/−’ 
or ‘~’ respectively in Additional File 4).

Search for articles
Three publication databases were identified as suit-
able for this research question during a meeting of the 
authors: WoS, Scopus, and EBSCOhost (which includes 
CAB Abstracts).

Searches for peer reviewed articles and grey literature 
were carried out via a search string that was developed 
through a scoping process; the details of how the final 

search string was developed can be found in Additional 
File 2 of the protocol [41]. The search terms were iden-
tified by analysing the components of the PICO (see 
Eligibility Criteria), from benchmarking articles and dis-
cussions within the stakeholder group. The search terms 
for carbon footprint-reducing interventions were devel-
oped from promoted interventions within the UK CCC 
Land Use Policy Framework [31], the majority of which 
are cited as being identified in the NFU publication 
‘Achieving Net Zero Farming’s 2040 goal’ [30]. The syn-
onyms and interpretation of generic interventions to be 
included in the search string were discussed in a meeting 
of the authors. All searches were conducted in English. 
No date restrictions were applied to the searches. The 
exact details of each search can be found in Additional 
File 2.

Internet searches
As stated in the protocol, we investigated the use of 
Google Scholar to identify relevant literature that may 
not be found by the search string. However, the search 
string was too large for the algorithm to work. Web-based 
search engines often change their algorithms and learn 
from previous searches, which reduces transparency and 
replicability [42]. Google scholar was not included in the 
searches.

Specialist sources
A meeting of the authors generated a list of organisa-
tion websites with potentially relevant articles, including 
the Agricultural and Horticultural Development Board, 
the British Ecological Society, the Chartered Institute of 
Ecology and Environmental Management, Gov.uk, the 
Game and Wildlife Conservation Trust, the Royal Soci-
ety for the Protection of Birds, the UK Centre for Ecol-
ogy and Hydrology, the US Department for Agriculture, 
and the Community Research and Development Infor-
mation Service. Searches on the websites using keywords 
were carried out on the 11th and 12th of April 2024. Ref-
erences of articles that met the inclusion criteria were 
recorded and added to EPPI-Reviewer-Web. Details of 
the search strategy can be found in Additional File 2.

Supplementary searches
No supplementary searches were undertaken.

Comprehensiveness of the search
The comprehensiveness of the search was determined 
by testing whether ten known relevant articles (listed 
in Additional File 3 of the protocol) would be found 
by the search string. When articles were missing, the 
search string was altered to include relevant search 
terms to capture the benchmarking articles. The search 
string identified all ten articles in the WoS database. The 
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comprehensiveness of the search was improved by the 
inclusion of a trawl of relevant websites for grey literature 
(defined as research or information that are not peer-
reviewed articles).

Assembling and managing search results
The results of the database searches were downloaded as 
RIS files and imported into EPPI-Reviewer-Web. Once all 
the references were collated, duplicates that had a simi-
larity score of 0.85 or greater were removed via the auto-
matic function. Articles with similarity scores of 0.7–0.85 
were resolved by manually assessing them to avoid false 
duplicates.

Article screening and study eligibility criteria
Screening process
Following the removal of duplicates, two reviewers 
screened the first 850 randomly selected articles at the 
title and abstract level to assess the replicability of the 
eligibility criteria. Reviewers’ consistency was assessed 
via Cohen’s kappa test [43], to indicate the level of 
agreement between reviewers. The inclusion/exclu-
sion decisions were the same for 98% of the double-
screened articles, which resulted in a Cohen’s kappa of 
0.82, which was interpreted as near perfect agreement. 
Neither reviewer has published material, so there was 
no chance of screening their own work. CEE guidance 
[39] states that all articles should be screened by two or 
more reviewers, however, owing to the resources avail-
able for the evidence map, the remainder of the articles 
were screened by one reviewer. The priority screening 

function on EPPI-Reviewer-Web was employed to assist 
title and abstract screening. This is an active learning-
powered priority screening which works by learning the 
differences between those articles that are included or 
excluded. Priority screening then reveals articles that are 
likely to be included. This function was used after consis-
tency checking when there was a large pool of decisions 
to learn from (850 screened articles (Fig. 1). The decision 
to stop screening was made when the inclusion percent-
age dropped below 1% which occurred after 20,312 arti-
cles were screened and 2040 articles were included for 
full-text screening. Full-text screening was then carried 
out. The reason for an article’s exclusion at this stage was 
recorded (Additional File 3).

Eligibility criteria
At each stage of screening, the articles were assessed for 
eligibility against the inclusion criteria detailed below. If 
there was no reason or an insufficient reason to exclude 
an article, it was passed to the next level of screening 
until ultimately being included in the map.

Population: A study addresses organisms on agricul-
tural land and surrounding agroecosystems, e.g., adjacent 
watercourses. Only temperate climate regions within 
Europe, North America and New Zealand were included. 
Articles that described the climate as Mediterranean, 
arid/semiarid, subtropical or boreal were excluded.

Interventions: Adoption of practices on temperate 
agricultural land that reduce GHG emissions or increase 
carbon sequestration/removal as promoted by the UK 
CCC Land Use Policy Framework. Practices to: avoid 

Fig. 1  Inclusion progress of screening at title and abstract using the priority screening function on EPPI-Reviewer-Web. The inclusion progress of the first 
850 articles is not represented as priority screening was not enabled. Red circles indicate the start and finish of a screening session, the red line indicates 
inclusion progress
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compacted soils, produce bioenergy, enhance hedgerows, 
increase SOC stocks, increase tree cover, restore peat 
soils, adopt precision farming, reduce fertiliser input, 
generate renewable energy were included. For example, 
controlled traffic farming, cover cropping and silvoarable 
systems are interventions that were eligible interventions 
(all practices are listed in Fig.  7). An eligible interven-
tion must involve land use change or land management 
change and must be conducted within similar farming 
systems to those that are commercially adopted in the 
UK.

Comparators:

 	• Before adoption of low-carbon farming practices or 
increased sequestration/removal.

 	• A control site where the adoption of low-carbon 
farming practices or increased sequestration/
removal have not been applied,

 	• A comparison between low-carbon farming practices 
or increased sequestration/removal (if a suitable 
control exists in this instance, the interventions will 
be recorded as different studies).

 	• A comparison of differing levels of a practice, such as 
different types or mixtures of cover crops.

 	• A time series at the same site after adoption of low-
carbon farming practices or increased sequestration/
removal.

Outcomes: Measured or observed changes in organism 
diversity and/or abundance.

Eligible types of study design: Only primary studies and 
review articles that involved field-based manipulations 
or comparative observations were included. Only stud-
ies that have quantified biodiversity changes on agricul-
tural land and associated agroecosystems were included. 
If there was a comparison between interventions or dif-
ferent levels of an intervention, this was coded as one 
study. Where studies were replicated across multiple geo-
graphic locations, they were coded as one study. Some 
articles contained multiple studies. Reviews and meta-
analyses were recorded in a separate database.

Any additional criteria: Only English language studies 
were included. All articles where the population is stud-
ied within farming systems not commercially viable in 
the UK, e.g., cotton (Gossypium spp.), were excluded.

Study validity assessment
The study publication type, design and duration of pri-
mary studies were recorded and collated to indicate 
the validity of the evidence base. The review articles in 
the evidence base were coded according to review type 
(e.g. narrative review and meta-analysis). If a review was 
listed within the Collaboration for Environmental Evi-
dence Database for Evidence Reviews (CEEDER) [44] at 

the time of coding this was recorded. The risk of bias in 
the methods of these reviews were assessed by collating 
the scores it received from a Collaboration for Environ-
mental Evidence Synthesis Assessment Tool (CEESAT) 
assessment [44]. CEESAT assigns a score, awarded by 
two reviewers, for 16 features of each evidence review to 
indicate the reliability of the evidence synthesis. Gold is 
the highest possible score, followed by green, then amber 
and red as the lowest.

Data coding strategy
Studies were coded in Microsoft Excel using a drop-
down menu of inputs for each metadata (Additional 
File 4). A study was determined by the presence of one 
population group and one intervention. Some articles 
contained multiple studies. Double coding (where two 
authors coded the same articles to check the replicability 
of the coding strategy) was carried out on the full texts of 
5% of the articles included at full text screening. Initially, 
a subset of five articles were double coded and before the 
remaining articles of the subset were coded, the minor 
discrepancies were discussed and resolved. Overall, 
double coding provided a high similarity (95%) between 
coders.

Data mapping method
The database of coded primary research and reviews 
(Additional File 4) was mapped through descriptive 
analysis using tables, graphs and charts. They describe 
the bibliographic and methodological metadata of the 
studies. Graphs charts and heatmaps were also used to 
describe the elements of the study that are relevant to the 
PICO of this evidence base. MapChart [45] ​was used to 
show the distribution of the study locations by country.

Review findings
Review descriptive statistics
In total, 67,617 articles were found during the search 
for evidence that took place between 08/04/2024 and 
12/04/2024. The first 20,000 articles sorted by relevance 
were extracted from Scopus, 36,600 from WoS, 11,007 
from CAB abstracts, and 10 articles were found on organ-
isation websites. A ROSES flow diagram (Fig. 2) describes 
how the evidence base was created. Once duplicates were 
removed 44,768 articles remained. A total of 20,312 titles 
and abstracts were screened. The screening of the full 
texts revealed 547 eligible articles to be included in the 
evidence base. The main reasons for exclusion from the 
full-text screening were climate (52%) and intervention 
(17%). The reasons for the exclusion of articles from the 
full-text screening are shown in Additional File 3. Some 
articles contained more than one study, resulting in a 
total of 820 studies being coded.
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Characteristics of the evidence base
Publication type
Of the included studies 93% (n = 759) were peer-
reviewed, 7% (n = 58) were conference reports, and 0.4% 
(n = 3) were project summaries.

Geographic location
The inclusion criteria restricted studies to those of a tem-
perate climate and farming production system, similar to 
that of the UK. The UK contributed 150 studies (18%), 

the most from an individual country. The second largest 
contributor was Germany, with 118 studies (14%), fol-
lowed by the USA, Canada and France, with 82, 78 and 
73 studies, respectively. These five locations (highlighted 
in red and dark orange in Fig. 3) contributed 59% of the 
evidence base (n = 501). A total of 847 locations were 
recorded, as some studies were replicated in different 
geographic locations and were coded as one study. Not 
all areas of a country met the inclusion criteria and did 

Fig. 2  ROSES flow diagram showing the number of articles at each stage of the evidence mapping process
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not contribute to the evidence base such as semi-arid 
areas of North America.

Publication year
The first included study was published in 1978 [46]. Fig-
ure  4 shows how the number of published studies per 
year increased from 1978 to 2022 and peaked in 2020. 
The years after 2020 did not follow the general trend 
of increasing numbers of studies and were potentially 
impacted by restrictions to experimental work resulting 
from COVID-19. The searches for this evidence database 

were carried out in April 2024. Therefore, this map does 
not include studies published beyond that date, and the 
2024 bar should not be considered representative for the 
whole year.

Mapping the quantity of studies relevant to the question
Agricultural system
Studies carried out on arable cropping systems were the 
most numerous (n = 565), followed by grassland studies 
(n = 78) and horticulture studies (n = 76) (Fig. 5).

Fig. 4  Number of studies by publication year. The representation for 2024 is not for the whole year as searches for evidence will only have included 
articles published before April

 

Fig. 3  Number of included studies by country. In descending order, UK = 150, Germany = 118, USA = 82, Canada = 78, France = 73, Switzerland = 48, 
Poland = 46, Italy = 33, Denmark = 21, Holland = 20, Austria = 19, Czech Republic = 18, New Zealand = 17, Hungary = 16, Ireland = 15, Lithuania = 15, Ro-
mania = 15, Belgium = 14, Sweden = 12, Estonia = 10, Slovenia = 7, Latvia = 6, Norway = 5, Finland = 4, Slovakia = 3, Bulgaria = 1, Ukraine = 1, and all other 
countries = 0 included studies
(Source: MapChart.com [45])
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Population
The population was coded by taxonomic group. Figure 6 
displays each group, showing the proportionate size of 
the number of observed studies. Further information on 
the species family or name was recorded in the coding 
sheet if stated in the study (Additional File 4). Microor-
ganisms were included the most in the evidence base as 
they were observed in 40% of included studies. Arthro-
pods were the second most common, with a 23% propor-
tion, followed by worms and plants, which accounted for 
15% and 14%, respectively. Studies in which birds were 
observed accounted for 4% of the evidence base. Gastro-
pods (2%) and mammals (1.6%) were observed in rela-
tively few studies. Amphibians and reptiles added only 

one study each to the evidence base (0.1% each shown at 
the bottom right of Fig. 6).

Interventions to meet land management objectives
Land management actions were coded and then subcat-
egorised into interventions that met the purpose of the 
land management action. An indication of the amount of 
evidence related to an intervention is denoted by colour 
coding in Fig. 7. Most studies (n = 544 or 66%) have inves-
tigated increasing SOC impacts biodiversity. Reducing 
the amount of fertiliser (n = 82), increasing tree cover-
age on farms (n = 81) and producing bioenergy material 
(n = 79) each contributed approximately 10% to the evi-
dence base. Interventions to enhance hedgerows for 
carbon sequestration/removal and restoring peat soils 
were included the same number of times (n = 14). Both 
added 1.7% to the evidence base. Few studies related to 
energy production (n = 3, excluding bioenergy mate-
rial production), avoiding compacting soils (n = 2) and 
precision farming practices (n = 1) were included. No 
agrivoltaic (e.g. grazing within solar farms) studies were 
found. Agroforestry captured all interventions related to 
planting trees on agricultural land not already described 
(e.g. shelterbelts, field trees and riparian buffers). Some 
interventions feature in multiple intervention groups. 
For example, the adoption of agroforestry increases tree 
cover on farms but can also provide biomass for bioen-
ergy production.

Fig. 6  Tree map of the relative proportion of observed taxonomic population groups in the evidence base. Microorganisms (n = 328), arthropods 
(n = 190), worms (n = 120), plants (n = 118), birds (n = 32), gastropods (n = 17), mammals (n = 13), amphibians (n = 1) and reptiles (n = 1)

 

Fig. 5  Number of studies by farming system
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Fig. 7  The number of studies per intervention for each land management objective. Darker shading indicates a larger body of evidence. Some interven-
tions appear more than once, as they fall into multiple categories
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Mapping the quality of studies relevant to the question
Study design
The studies were coded according to the experimental 
design (Fig.  8). Studies with a control made up 49% of 
the evidence base, although some studies may have con-
tained one or more versions of the same intervention. Of 
those studies with a control, five used temporal control 
(before-after), 353 studies had spatial control (control-
intervention), 17 studies employed both spatial and tem-
poral control (before-after-control-intervention), and 29 
studies utilised a randomised control. Some studies had 
a comparator (e.g. different levels or types of interven-
tion) but contained no control. These accounted for 363 
studies in the evidence base (44%). Most studies with 
an unclear study design were those coded from their 
abstract only (n = 51) and two conference reports that 
were included had unclear study designs.

Study length
The length of time the data were collected for each 
study was recorded (not how long the intervention was 
in place). Figure  9 shows that the most common study 
length was less than 1 year (n = 346). Most studies, 81%, 
had a duration of less than 5 years. Long-term studies, 
which were over 8 years in duration, accounted for 8% of 
the evidence base.

Study length for each intervention
The length of time each intervention was studied in the 
literature ranged from less than 1 year to over 20 years. 
Figure 10 shows this variation in length of study for any 
intervention that appeared more than five times in the 
evidence base. Reduced tillage appears to provide the 
most robust evidence base, as it is the most studied inter-
vention and has a range of study durations, of which over 
60% were for more than 1 year. Cover crops, crop residue 
incorporation, lime application and low-input farming 
interventions also provide a potentially robust evidence 
database because of the mixture of study durations, 
and approximately 40% of the studies were longer than 
3 years.

Agroforestry and biomass production are well repre-
sented in the evidence base (Fig. 7). However, 75% of the 
agroforestry studies had a duration of less than 3 years, 
and only three studies had durations longer than 8 years. 
Other interventions to increase tree cover on farms do 
not include a study length of over 3  years (hedgerow 
planting, short rotation coppice, silvoarable and silvopas-
ture). The impact of biomass production on biodiversity 
was reported for less than 3  years in more than 90% of 
studies, and one study lasted longer than 8 years.

Fig. 8  Number of studies by study design. BA Before–After, CI Control-Intervention, BACI Before–After-Control-Intervention, CI-R Randomised Control
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Knowledge gaps and clusters
Land management objective and population groups
Recording the number of studies that investigated inter-
ventions to achieve carbon footprint reducing land man-
agement objectives against a taxonomic group produces 

clear knowledge clusters (highlighted in dark green in 
Fig. 11) and knowledge gaps (white and pale green boxes 
in Fig.  11). The majority of the evidence base (63%) 
is made up of investigations on how increasing SOC 

Fig. 10  The number of studies per study duration for interventions represented more than five times in the evidence base

 

Fig. 9  Number of studies by length of data collection
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impacts microorganisms (n = 250), arthropods (n = 100), 
worms (n = 87) and plants (n = 82).

Author reported outcomes
Figure 12 shows a synthesised score of authors reported 
outcomes on how carbon footprint-reducing land man-
agement objectives impact the abundance and/or diver-
sity of taxonomic groups. Only studies available at full 
text were included in this analysis. Most land manage-
ment objectives to reduce the carbon footprint of agri-
culture indicate a positive interaction with biodiversity, 
although peat soil restoration, reducing fertiliser inputs 
and renewable energy production were more likely to 
be reported as having mixed effects. This vote counting 
exercise should be built upon with quality appraisal and 
further synthesis (for example meta-analyses of specific 
intervention/outcome relationships) to improve the con-
fidence in these findings, and to establish the accuracy of 
the effect directions and calculate the size of any effects. 
Most studies investigating microorganism populations 
reported a change in the abundance and diversity of 
populations relating to an intervention (81%). However, 
there were 57 studies (19%) that describe a change in 
the composition of the population of microorganisms 
(coded as ‘~’ in Additional File 4). Although land man-
agement practices to avoid compacted soils, produce 

bioenergy, enhance hedgerows, increase tree cover and 
increase SOC generally indicate a positive impact on 
biodiversity, the increasing populations of some species 
may not be considered beneficial to agricultural produc-
tivity (e.g., increasing populations of pest species such 
as gastropods). For example, of the studies investigat-
ing plants, 85% were studies observing an intervention’s 
impact on weed populations, which would be considered 
a negative impact by many farmers. In contrast, the study 
investigating precision farming techniques [47] reported 
a reduced abundance of weeds (a negative outcome for 
plant abundance and diversity) which was reported in 
a positive manner by the authors. A similar effect was 
reported in 14 studies investigating cover cropping.

The most commonly studied interventions were those 
that aim to increase SOC. The author-reported outcomes 
for these are summarised in Fig. 13.

For the SOC studies, a limited quality appraisal was 
carried out based on length of study and presence/type 
of control. Reduced tillage was intervention most con-
sistently reported (across taxonomic groups) to have a 
positive impact on diversity/abundance, although stud-
ies were less likely to be long-term or have a control 
than some other interventions. The findings were, how-
ever supported by meta-analyses that were also included 
in the map. Of the 14 meta-analyses that synthesised 

Fig. 11  Heatmap of studies carried out by land management objective and population group
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evidence on how interventions to increase SOC stocks 
impacts biodiversity, nine meta-analyses found reduced 
tillage to be benefical to biodiversity. Meta-analyses that 
synthesised cover cropping evidence reported either 
positive outcomes for biodiversity (n = 4) or mixed effects 
(n = 1), although none of these investigated plants as a 
population.

The outcomes from studies investigating reduced till-
age impacts on microorganisms, appears to be the most 
robust evidence base, as 68% of the large evidence base 

(n = 79) studies were multiyear studies and had a control 
(rather than a comparative study).

Reviews
During the screening process, 82 review articles were 
identified and coded shown in Additional File 4. Fig-
ure  14 illustrates the distribution of reviews between 
1988 and 2024. Those related to increasing SOC are the 
most common and are distributed throughout the period 
(n = 48), 18 of which were published between 2020 and 

Fig. 13  Synthesised authors reported outcomes from the evidence of how interventions to increase SOC impacts taxonomic groups. The effect relates to 
a change in the abundance and/or diversity of the measured species i.e. a positive effect means an increase, negative effect means a decrease. The study 
design and duration were also synthesised for each cell to indicate the reliability of the evidence indicated by the colour of the symbol

 

Fig. 12  Authors reported impacts on different taxonomic groups from studies of land management actions to reduce the carbon footprint of farming. 
The effect relates to a change in the abundance and/or diversity of the measured species i.e. a positive effect means an increase, negative effect means 
a decrease
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2023. Some reviews included multiple intervention 
groups, which were separated, resulting in a total of 91 
entries.

Review type
There were 69 narrative reviews, 22 meta-analysis and 
no systematic reviews (Fig.  15). A narrative review was 
defined as a review where synthesis was carried out 
without combining data. Meta-analyses were defined as 
reviews that included combining data alongside a narra-
tive review. Systematic reviews were defined as reviews 
that had published a protocol including a defined and 
replicable search strategy prior to the search being 
conducted.

Population and land management objective reviews
The distribution of reviews in the heatmap (Fig.  16) 
showing the measured population against the land man-
agement objective largely matches the distribution of the 
primary evidence base. Most reviews focused on inter-
ventions that increase SOC and their impact on below-
ground biodiversity, such as microorganisms (n = 31), 
arthropods (n = 19) and worms (n = 10). Many reviews 
included papers on multiple taxonomic groups; there-
fore, the sum of this table is greater than the total number 
of included reviews.

The reliability score for 12 reviews that have been 
assessed by CEESAT [44], are summarised in Fig.  17. 
Only one review received a gold rating (for reporting 

the number and titles of excluded articles during screen-
ing), most scores for all reviews were either amber or red. 
Notably, no review referenced a predetermined method-
ology or protocol and only one review provided elements 
of validity assessments for included articles. Thus, indi-
cating low methodological rigour and a potential for bias 
in the evidence synthesis of this subset of reviews.

Limitations of the map
A limitation of the map was that it only included pub-
lications written in or translated within a database to 
English. This is may have biased the distribution of the 
included papers to publications from English-speaking 
countries. Although few articles were excluded for this 
reason (n = 3).

Although a large subsection of articles was screened by 
two people (n = 850), only one person (SR) screened the 
remaining manually screened articles, and not all articles 
were screened due to the volume of articles obtained by 
the searches. Instead, the priority screening function of 
EPPI-Reviewer-Web was employed, and screening ter-
minated when the inclusion rate at title and abstract 
level, was less than 1%. Although it is likely that the pool 
of unscreened articles was unlikely to contain any arti-
cles that meet the inclusion criteria, there is a chance 
that a small number of relevant articles may have been 
excluded.

Finally, where there was missing information during 
coding, the article’s authors were not contacted. Similarly, 

Fig. 14  Number of reviews by publication year
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eligible articles for which the full text was not available 
were either coded at the abstract level or excluded if 
there was not sufficient detail in the abstract to warrant 
inclusion.

The subjects of land management, technology, policies 
and incentives to reduce the agricultural carbon foot-
print are developing at pace. The interventions included 
within this map were those promoted by the NFU and 
UK CCC. Other stakeholders, such as industry and non-
governmental organisations, may promote interventions 
not included in this map, for example, dietary change 
(reducing livestock numbers) or introducing herbal leys 
to a rotation to reduce reliance on synthetic nitrogen 
fertilisers [48]. This is a limitation of this evidence base, 
but the search string, can be adapted to include/exclude 
interventions.

Conclusions
This systematic map revealed evidence relating to how 
carbon footprint-reducing interventions impact farm 
biodiversity. Three databases and nine associated organ-
isational websites were searched. The methodology 
endeavoured to reduce the introduction of bias by follow-
ing CEE guidance [39], having published a protocol with 
a predetermined search and coding strategy [41]. The 
search returned 67,607 articles, which, after duplicate 

removal and screening processes, generated an evidence 
base of 820 studies.

Implications for research
Global environmental targets are becoming increas-
ingly at the forefront of government policy and business 
management; therefore, this area of research is likely to 
continue moving at pace. This evidence base should be 
updated every 2 to 3 years to inform research and policy, 
including refreshing the intervention list if necessary.

The evidence base should be used as a platform to 
launch systematic reviews and meta-analyses, where 
appropriate, on carbon footprint-reducing interven-
tions to confirm whether its relationship with taxonomic 
groups or species is positive or negative and if there are 
trade-offs between [38]. Understanding an interventions 
impact on food production is also important [35]. Sys-
tematic reviews can provide a more robust and unbiased 
view of these relationships. This is lacking in the current 
review evidence base (Figs. 15 and 16).

The research question for this evidence map was 
broad and can be unpacked further in more specific evi-
dence maps or systematic reviews with meta-analyses. 
For example, more detail can be extracted for individual 
interventions, such as comparisons of their establish-
ment, management, agricultural productivity, soil type, 
topography, sample size, and experimental area, as well 

Fig. 15  Number of reviews by type
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Fig. 17  Results for reviews in the evidence base that are displayed on CEEDER. There are a total of 16 criteria, each one is rated on a colour scheme. Gold 
is the highest score, red is the lowest. Number relates to how many times each score was awarded

 

Fig. 16  Heatmap of land management objectives and population group for reviews
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as critical analysis. Further research gaps and possible 
synergies could result from this.

Almost half of the evidence base included a control 
in its experimental design, indicating robust evidence. 
Although, it is not always possible to carry out ecology 
studies with a control, where possible, researchers should 
strive to do this to improve the robustness of their results 
[49].

Within the evidence base, 81% of the studies were con-
ducted for less than 5 years (Fig.  9). Short studies (less 
than 1 year) were the most common in the evidence 
base. Long-term studies are needed for many interven-
tions, such as tree planting, to understand their impact 
on biodiversity at different stages of its lifecycle. Multi-
year studies are also needed to more confidently report 
evidence of change due to an intervention rather than an 
ecological shock such as abnormal weather or a disease 
outbreak [50].

There are many areas for further primary research, as 
shown by boxes with low numbers in the intervention 
group and the taxonomic group heatmap (Fig. 11). Exper-
iments observing changes in the abundance of species 
often considered pests are likely to provide information 
that farmers need before altering agricultural produc-
tion systems [51, 52]. This evidence base found that gas-
tropods were observed only 16 times, and mammals 13 
times which are often considered agricultural pests (such 
as slugs (e.g., Arion ater) and rabbits (e.g., Oryctolagus 
cuniculus).

Although individual study authors were more likely to 
indicate an increase in species abundance and/or diver-
sity due to land management objectives to reduce the 
carbon footprint of agriculture, quality appraisal of indi-
vidual research studies was either not carried out as part 
of the systematic mapping exercise or was very limited. 
We therefore recommend quality appraisal and fur-
ther synthesis of the impacts of specific interventions or 
groups of interventions to confirm the findings indicated 
by the vote counting exercise.

The research question in this evidence review was 
designed to be relevant to the UK’s climate and agricul-
tural production systems. Studies carried out in the UK 
were the most numerous (n = 150). However, many inter-
ventions have not been investigated on UK agricultural 
land or are underrepresented in the evidence base despite 
being promoted by various organisations (the UK govern-
ment [53], the CCC [31] and the NFU [30]). Therefore, 
primary research is needed to determine whether a given 
intervention applied in the UK will produce similar out-
comes for biodiversity to studies carried out elsewhere 
in the world. Due to the heterogeneity of UK landscapes, 
research may also need to be replicated across different 
UK landscapes. In the UK, fewer than ten studies per 
taxonomic group investigated changes to abundance and 

diversity of amphibians, gastropods, mammals, and rep-
tiles. Many species within these taxonomic groups have 
a low impact on ecosystem services within the farmed 
environment (other than those considered pests), which 
may be a reason why they have not attracted research 
attention. To fully understand an intervention’s relation-
ship with biodiversity for nature recovery purposes, these 
groups need to be studied.

Implications for policy/management
This evidence map was designed to be used by policy set-
ters and stakeholders who play a role in influencing tem-
perate agricultural land management strategies designed 
to reach CNZ and nature recovery. The database of rel-
evant publications allows those employing/promoting a 
carbon footprint-reducing intervention to base predic-
tions as to how it might impact agriculturally associated 
biodiversity on a comprehensive evidence-base. This 
can be achieved by filtering the database by interven-
tion and taxonomic group to display the relevant cluster 
of evidence and then summarising the author reported 
outcomes (e.g., how the evidence was presented for 
increasing SOC interventions in Fig. 13).

Policy makers should focus on commissioning research 
that will reduce knowledge gaps relating to interventions 
with no or little evidence for their impact on biodiversity. 
Projects should be funded to gather long-term datasets 
where possible to capture the full impact of interventions 
on biodiversity throughout its lifecycle. Specific to the 
UK, more research is required to investigate the impact 
of increasing tree cover and peatland restoration, given it 
is proposed that these be employed on large areas of UK 
agricultural land [31].

Policy makers also need to be aware of the method-
ology employed in evidence reviews and should com-
mission methodologically rigorous evidence reviews. 
Reviews included in this evidence map that have been 
assessed by CEESAT are deemed to have low rigour in 
their methodology, since none of the reviews published a 
protocol or conducted thorough critical appraisal of their 
included evidence. Thus, there is potential for bias within 
them.

In countries with high population densities where agri-
cultural land represents a high proportion of the non-
urban land area, such as the UK, understanding how 
reducing the carbon footprint of agriculture impacts 
biodiversity, food production and energy production is a 
critical piece of the puzzle to meet global environmental 
targets [35]. This evidence base is intended to direct pri-
mary studies, and evidence reviews to further the under-
standing of this nexus of global land use challenges.



Page 19 of 20Rowlands et al. Environmental Evidence           (2025) 14:16 

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​3​7​5​0​-​0​2​5​-​0​0​3​7​2​-​7.

Supplementary Material 1.

Supplementary Material 2.

Supplementary Material 3.

Supplementary Material 4.

Acknowledgements
SR would like to thank everyone who has been involved in the generation 
of this research paper, including the stakeholder group, coauthors, the 
School of Sustainable Food and Farming at Harper Adams University and the 
Sustainability department at WM Morrisons Supermarkets Limited (particularly 
Sophie Throop and Alice Liddle). Thank you to Rebecca Saunders from 
Warwick University for acting as a second screener. A special thank you is 
owed to NERC for funding SRs’ attendance on a CEETOP training course and 
to the Collaboration for Environmental Evidence instructors who delivered 
the high-quality course. Acknowledgement of the extremely helpful guidance 
from the people who run the helpdesk for EPPI-Reviewer-Web is also due, 
thank you.

Author contributions
SR and NR conceptualised the primary question. NR, as the methods expert 
refined the PICO terms and discussed, guided and reviewed the study 
design, methodology and writing of the manuscript. SR drafted the initial 
protocol; performed the scoping study; screened, coded and wrote the final 
manuscript. RS screened 850 articles. JC coded 5% of studies. All the authors 
read and approved the manuscript. JC, ML and SK created and are involved 
in the overall research project. JC and ML are responsible for securing the 
funding for the studentship.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Competing interests
The authors declare no competing interests.

Author details
1Harper Adams University, Edgmond, Shropshire TF10 8NB, UK

Received: 17 February 2025 / Accepted: 19 September 2025

References
1.	 Convention for Biological Diversity. Decision adopted by the conference of 

the parties to the convention on biological diversity. 2022. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​c​​b​d​.​​i​
n​t​​/​d​o​c​​/​d​​e​c​i​​s​i​o​​n​s​/​c​​o​p​​-​1​5​​/​c​o​​p​-​1​5​​-​d​​e​c​-​0​4​-​e​n​.​p​d​f. Accessed 28 Feb 2024.

2.	 UK Government. PM recommits UK to Net Zero by 2050 and pledges a. fairer 
path to achieving target to ease the financial burden on British families. 2023. ​
h​t​t​p​​s​:​/​​/​w​w​w​​.​g​​o​v​.​​u​k​/​​g​o​v​e​​r​n​​m​e​n​​t​/​n​​e​w​s​/​​p​m​​-​r​e​​c​o​m​​m​i​t​s​​-​u​​k​-​t​​o​-​n​​e​t​-​z​​e​r​​o​-​b​​y​-​2​​0​
5​0​-​​a​n​​d​-​p​​l​e​d​​g​e​s​-​​a​-​​f​a​i​​r​e​r​​-​p​a​t​​h​-​​t​o​-​​a​c​h​​i​e​v​i​​n​g​​-​t​a​​r​g​e​​t​-​t​o​​-​e​​a​s​e​​-​t​h​​e​-​f​i​​n​a​​n​c​i​a​l​-​b​u​r​d​
e​n​-​o​n​-​b​r​i​t​i​s​h​-​f​a​m​i​l​i​e​s. Accessed 11 Jan 2024.

3.	 DEFRA, Environmental Improvement Plan. 2023. 2023. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​g​​o​v​.​​u​k​/​​g​
o​v​e​​r​n​​m​e​n​​t​/​p​​u​b​l​i​​c​a​​t​i​o​​n​s​/​​e​n​v​i​​r​o​​n​m​e​​n​t​a​​l​-​i​m​​p​r​​o​v​e​m​e​n​t​-​p​l​a​n. Accessed 11 Jan 
2024.

4.	 DEFRA. Agricultural land use in England at 1 June 2023. 2023. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​g​​
o​v​.​​u​k​/​​g​o​v​e​​r​n​​m​e​n​​t​/​s​​t​a​t​i​​s​t​​i​c​s​​/​a​g​​r​i​c​u​​l​t​​u​r​a​​l​-​l​​a​n​d​-​​u​s​​e​-​i​​n​-​e​​n​g​l​a​​n​d​​/​a​g​​r​i​c​​u​l​t​u​​r​a​​l​-​l​​a​
n​d​​-​u​s​e​​-​i​​n​-​e​n​g​l​a​n​d​-​a​t​-​1​-​j​u​n​e​-​2​0​2​3​#​:​~​:​t​e​x​t​=​T​h​e​%​2​0​u​t​i​l​i​s​e​d​%​2​0​a​g​r​i​c​u​l​t​u​r​a​l​%​
2​0​a​r​e​a​%​2​0​(​U​A​A​,​j​u​s​t​%​2​0​u​n​d​e​r​%​2​0​4​.​9​%​2​0​m​i​l​l​i​o​n​%​2​0​h​e​c​t​a​r​e​s. Accessed 11 
Jan 2024.

5.	 State of Nature Partnership. State of Nature Report 2023. 2023. ​h​t​t​p​​s​:​/​​/​s​t​a​​t​e​​o​f​
n​​a​t​u​​r​e​.​o​​r​g​​.​u​k​​/​w​p​​-​c​o​n​​t​e​​n​t​/​​u​p​l​​o​a​d​s​​/​2​​0​2​3​​/​0​9​​/​T​P​2​​5​9​​9​9​-​​S​t​a​​t​e​-​o​​f​-​​N​a​t​​u​r​e​​-​m​a​i​​n​-​​r​
e​p​​o​r​t​​_​2​0​2​​3​_​​F​U​L​L​-​D​O​C​-​v​1​2​.​p​d​f. Accessed 11 Jan 2024.

6.	 Siddig AAH, Ellison AM, Ochs A, Villar-Leeman C, Lau MK. How do ecologists 
select and use indicator species to monitor ecological change? Insights from 
14 years of publication in ecological indicators. Ecol Ind. 2016;60:223–30.

7.	 DEFRA. Wild bird populations in England. 1970 to 2022. 2023. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​g​​
o​v​.​​u​k​/​​g​o​v​e​​r​n​​m​e​n​​t​/​s​​t​a​t​i​​s​t​​i​c​s​​/​w​i​​l​d​-​b​​i​r​​d​-​p​​o​p​u​​l​a​t​i​​o​n​​s​-​i​​n​-​e​​n​g​l​a​​n​d​​/​w​i​​l​d​-​​b​i​r​d​​-​p​​o​p​
u​​l​a​t​​i​o​n​s​​-​i​​n​-​e​​n​g​l​​a​n​d​-​​1​9​​7​0​-​​t​o​-​​2​0​2​1​​#​b​​r​e​e​​d​i​n​​g​-​f​a​​r​m​​l​a​n​d​-​b​i​r​d​-​p​o​p​u​l​a​t​i​o​n​s​-​i​n​-​e​
n​g​l​a​n​d. Accessed 11 Jan 2024.

8.	 Quinn JE, Brandle JR, Johnson RJ. A farm-scale biodiversity and ecosystem 
services assessment tool: the healthy farm index. Int Jornal Agricultural 
Sustain. 2013;11:176–92.

9.	 Scott E, Cottee J, Abbott C, Baker S. Rethink Food: A Plan for Action. 2022. ​h​
t​t​p​​s​:​/​​/​w​w​w​​.​3​​k​e​e​​l​.​c​​o​m​/​w​​p​-​​c​o​n​​t​e​n​​t​/​u​p​​l​o​​a​d​s​​/​2​0​​2​2​/​1​​1​/​​n​f​f​n​_​r​e​p​o​r​t​_​f​i​n​a​l​.​p​d​f. 
Accessed 22 Feb 2024.

10.	 Gabel V, Home R, Stöckli S, Meier M, Stolze M, Köpke. Evaluating on-farm bio-
diversity: a comparison of assessment methods. Sustainability. 2018;10:4812.

11.	 Fahrig L, Girard J, Duro D, Pasher J, Smith A, Javorek S, King D, Lindsay KF, 
Mitchell S, Tischendorf L. Farmlands with smaller crop fields have higher 
within-field biodiversity. Agric Ecosyst Environ. 2015;200:219–234.

12.	 Bayr U. Guidelines for the development of an OECD farmland habitat biodi-
versity indicator. 2023. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​7​8​7​​/​0​​9​d​4​5​d​5​5​-​e​n. Accessed 10 
Jan 2025.

13.	 Lüscher G, Schneider MK, Turnbull LA, Arndorfer M, Bailey D, Herzog F, Poin-
tereau P, Richner N, Jeanneret P. Appropriate metrics to inform farmers about 
species diversity. Environ Sci Policy. 2014;41:52–62.

14.	 Kok A, de Olde EM, de Boer IJM, Ripoll-Bosch R. European biodiversity assess-
ments in livestock science: A review of research characteristics and indicators. 
Ecol Ind. 2020;112:105902.

15.	 Toor MD, Basit A, Okorie B, Nath D, Din MMU, Kumar Verma P, Sajjad S, Ullah I, 
Yousef HN, Mohamed HI. (2024) Earthworms as catalysts for climate-resilient 
agriculture: enhancing food security and water management in the face of 
climate change. 2024;235:779.

16.	 Boyle P, Hayes M, Gormally M, Sullivan C, Moran J. Development of a nature 
value index for pastoral farmland—A rapid farm-level assessment. Ecol Ind. 
2015;56:31–40.

17.	 Gunstone T, Cornelisse T, Klein K, Dubey A, Donley N. Pesticides and soil 
invertebrates: A hazard assessment. Front Environ Sci. 2021;9:643847.

18.	 Klingelhöfer D, Braun M, Brüggmann D, Groneberg DA, Neonicotinoids. A 
critical assessment of the global research landscape of the most extensively 
used insecticide. Environ Res. 2022;213:113727.

19.	 McMahon BJ, Anderson A, Carnus T, Helden AJ, Kelly-Quinn M, Maki A, Sheri-
dan H, Purvis G. Different bioindicators measured at different Spatial scales 
vary in their response to agricultural intensity. Ecol Ind. 2012;18:676–83.

20.	 Kajtoch Ł. Loss of traditional orchards and its impact on the occurrence of 
threatened Tree-Dwelling bird species. Agriculture. 2023;13:2267.

21.	 National Trust. How we’re bringing blossom back. No date. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​n​​a​t​i​​o​
n​a​​l​t​r​u​​s​t​​.​o​r​​g​.​u​​k​/​o​u​​r​-​​c​a​u​​s​e​/​​n​a​t​u​​r​e​​-​c​l​​i​m​a​​t​e​/​n​​a​t​​u​r​e​​-​c​o​​n​s​e​r​​v​a​​t​i​o​​n​/​h​​o​w​-​w​​e​r​​e​-​b​r​i​
n​g​i​n​g​-​b​l​o​s​s​o​m​-​b​a​c​k. Accessed 6 Sept 2024.

22.	 DEFRA, Agri-climate report. 2023. 2024. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​g​​o​v​.​​u​k​/​​g​o​v​e​​r​n​​m​e​n​​t​/​s​​t​a​
t​i​​s​t​​i​c​s​​/​a​g​​r​i​-​c​​l​i​​m​a​t​​e​-​r​​e​p​o​r​​t​-​​2​0​2​​3​/​a​​g​r​i​-​​c​l​​i​m​a​t​e​-​r​e​p​o​r​t​-​2​0​2​3​#​:​~​:​t​e​x​t​=​c​l​i​m​a​t​e​%​2​
D​r​e​p​o​r​t​%​2​D​2​0​2​3​-​,​K​e​y​%​2​0​m​e​s​s​a​g​e​s​,​e​m​i​s​s​i​o​n​s​%​2​0​i​n​t​e​n​s​i​t​y​%​2​0​i​n​c​r​e​a​s​e​d​%​2​
0​b​y​%​2​0​5​%​2​5. Accessed 29 Jan 2024.

23.	 European Parliament. Greenhouse gas emissions by country and sector 
(infographic). 2018. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​e​​u​r​o​​p​a​r​​l​.​e​u​​r​o​​p​a​.​​e​u​/​​t​o​p​i​​c​s​​/​e​n​​/​a​r​​t​i​c​l​​e​/​​2​0​1​​8​0​
3​​0​1​S​T​​O​9​​8​9​2​​8​/​g​​r​e​e​n​​h​o​​u​s​e​​-​g​a​​s​-​e​m​​i​s​​s​i​o​​n​s​-​​b​y​-​c​​o​u​​n​t​r​y​-​a​n​d​-​s​e​c​t​o​r​-​i​n​f​o​g​r​a​p​h​i​
c. Accessed 28 Jan 2025.

24.	 United States. Environment Protection Agency. Inventory of US. Greenhouse 
Gas Emissions and Sinks: 1990–2022. 2023. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​e​​p​a​.​​g​o​v​​/​s​y​s​​t​e​​m​/​f​​i​
l​e​​s​/​d​o​​c​u​​m​e​n​​t​s​/​​2​0​2​4​​-​0​​2​/​u​​s​-​g​​h​g​-​i​​n​v​​e​n​t​​o​r​y​​-​2​0​2​​4​-​​c​h​a​p​t​e​r​-​5​-​a​g​r​i​c​u​l​t​u​r​e​.​p​d​f. 
Accessed 28 Jan 2025.

25.	 DEFRA. Farming evidence - key statistics (accessible version). 2024. ​h​t​t​p​​s​:​/​​/​w​
w​w​​.​g​​o​v​.​​u​k​/​​g​o​v​e​​r​n​​m​e​n​​t​/​p​​u​b​l​i​​c​a​​t​i​o​​n​s​/​​f​a​r​m​​i​n​​g​-​e​​v​i​d​​e​n​c​e​​-​p​​a​c​k​​-​a​-​​h​i​g​h​​-​l​​e​v​e​​l​-​o​​
v​e​r​v​​i​e​​w​-​o​​f​-​t​​h​e​-​u​​k​-​​a​g​r​​i​c​u​​l​t​u​r​​a​l​​-​i​n​​d​u​s​​t​r​y​/​​f​a​​r​m​i​​n​g​-​​e​v​i​d​​e​n​​c​e​-​​k​e​y​​-​s​t​a​​t​i​​s​t​i​c​s​-​a​c​c​e​
s​s​i​b​l​e​-​v​e​r​s​i​o​n. Accessed 20 Dec 2024.

26.	 Buckingham S, Topp C, Smith P, Eory V, Chadwick D, Baxter C, Cloy J, Connolly 
S, Cooledge E, Cowan N, Drewer J, Duffy C, Fox N, Jebari A, Jenkins B, Krol 
D, Marsden K, Mcauliffe G, Morrison S, O’Flaherty V, Ramsey R, Richards K, 
Roehe R, Smith J, Smith K, Takakaski T, Thorman R, Williams J, Wiltshire J, Rees 
R. Greenhouse gas and ammonia emission mitigation priorities for UK policy 
targets. Front Agricultural Sci Eng. 2023;10:268–80.

https://doi.org/10.1186/s13750-025-00372-7
https://doi.org/10.1186/s13750-025-00372-7
https://www.cbd.int/doc/decisions/cop-15/cop-15-dec-04-en.pdf
https://www.cbd.int/doc/decisions/cop-15/cop-15-dec-04-en.pdf
https://www.gov.uk/government/news/pm-recommits-uk-to-net-zero-by-2050-and-pledges-a-fairer-path-to-achieving-target-to-ease-the-financial-burden-on-british-families
https://www.gov.uk/government/news/pm-recommits-uk-to-net-zero-by-2050-and-pledges-a-fairer-path-to-achieving-target-to-ease-the-financial-burden-on-british-families
https://www.gov.uk/government/news/pm-recommits-uk-to-net-zero-by-2050-and-pledges-a-fairer-path-to-achieving-target-to-ease-the-financial-burden-on-british-families
https://www.gov.uk/government/news/pm-recommits-uk-to-net-zero-by-2050-and-pledges-a-fairer-path-to-achieving-target-to-ease-the-financial-burden-on-british-families
https://www.gov.uk/government/publications/environmental-improvement-plan
https://www.gov.uk/government/publications/environmental-improvement-plan
https://www.gov.uk/government/statistics/agricultural-land-use-in-england/agricultural-land-use-in-england-at-1-june-2023#:~:text=The%20utilised%20agricultural%20area%20(UAA,just%20under%204.9%20million%20hectares
https://www.gov.uk/government/statistics/agricultural-land-use-in-england/agricultural-land-use-in-england-at-1-june-2023#:~:text=The%20utilised%20agricultural%20area%20(UAA,just%20under%204.9%20million%20hectares
https://www.gov.uk/government/statistics/agricultural-land-use-in-england/agricultural-land-use-in-england-at-1-june-2023#:~:text=The%20utilised%20agricultural%20area%20(UAA,just%20under%204.9%20million%20hectares
https://www.gov.uk/government/statistics/agricultural-land-use-in-england/agricultural-land-use-in-england-at-1-june-2023#:~:text=The%20utilised%20agricultural%20area%20(UAA,just%20under%204.9%20million%20hectares
https://stateofnature.org.uk/wp-content/uploads/2023/09/TP25999-State-of-Nature-main-report_2023_FULL-DOC-v12.pdf
https://stateofnature.org.uk/wp-content/uploads/2023/09/TP25999-State-of-Nature-main-report_2023_FULL-DOC-v12.pdf
https://stateofnature.org.uk/wp-content/uploads/2023/09/TP25999-State-of-Nature-main-report_2023_FULL-DOC-v12.pdf
https://www.gov.uk/government/statistics/wild-bird-populations-in-england/wild-bird-populations-in-england-1970-to-2021#breeding-farmland-bird-populations-in-england
https://www.gov.uk/government/statistics/wild-bird-populations-in-england/wild-bird-populations-in-england-1970-to-2021#breeding-farmland-bird-populations-in-england
https://www.gov.uk/government/statistics/wild-bird-populations-in-england/wild-bird-populations-in-england-1970-to-2021#breeding-farmland-bird-populations-in-england
https://www.gov.uk/government/statistics/wild-bird-populations-in-england/wild-bird-populations-in-england-1970-to-2021#breeding-farmland-bird-populations-in-england
https://www.3keel.com/wp-content/uploads/2022/11/nffn_report_final.pdf
https://www.3keel.com/wp-content/uploads/2022/11/nffn_report_final.pdf
https://doi.org/10.1787/09d45d55-en
https://www.nationaltrust.org.uk/our-cause/nature-climate/nature-conservation/how-were-bringing-blossom-back
https://www.nationaltrust.org.uk/our-cause/nature-climate/nature-conservation/how-were-bringing-blossom-back
https://www.nationaltrust.org.uk/our-cause/nature-climate/nature-conservation/how-were-bringing-blossom-back
https://www.gov.uk/government/statistics/agri-climate-report-2023/agri-climate-report-2023#:~:text=climate%2Dreport%2D2023-,Key%20messages,emissions%20intensity%20increased%20by%205%25
https://www.gov.uk/government/statistics/agri-climate-report-2023/agri-climate-report-2023#:~:text=climate%2Dreport%2D2023-,Key%20messages,emissions%20intensity%20increased%20by%205%25
https://www.gov.uk/government/statistics/agri-climate-report-2023/agri-climate-report-2023#:~:text=climate%2Dreport%2D2023-,Key%20messages,emissions%20intensity%20increased%20by%205%25
https://www.gov.uk/government/statistics/agri-climate-report-2023/agri-climate-report-2023#:~:text=climate%2Dreport%2D2023-,Key%20messages,emissions%20intensity%20increased%20by%205%25
https://www.europarl.europa.eu/topics/en/article/20180301STO98928/greenhouse-gas-emissions-by-country-and-sector-infographic
https://www.europarl.europa.eu/topics/en/article/20180301STO98928/greenhouse-gas-emissions-by-country-and-sector-infographic
https://www.europarl.europa.eu/topics/en/article/20180301STO98928/greenhouse-gas-emissions-by-country-and-sector-infographic
https://www.epa.gov/system/files/documents/2024-02/us-ghg-inventory-2024-chapter-5-agriculture.pdf
https://www.epa.gov/system/files/documents/2024-02/us-ghg-inventory-2024-chapter-5-agriculture.pdf
https://www.gov.uk/government/publications/farming-evidence-pack-a-high-level-overview-of-the-uk-agricultural-industry/farming-evidence-key-statistics-accessible-version
https://www.gov.uk/government/publications/farming-evidence-pack-a-high-level-overview-of-the-uk-agricultural-industry/farming-evidence-key-statistics-accessible-version
https://www.gov.uk/government/publications/farming-evidence-pack-a-high-level-overview-of-the-uk-agricultural-industry/farming-evidence-key-statistics-accessible-version
https://www.gov.uk/government/publications/farming-evidence-pack-a-high-level-overview-of-the-uk-agricultural-industry/farming-evidence-key-statistics-accessible-version


Page 20 of 20Rowlands et al. Environmental Evidence           (2025) 14:16 

27.	 European Environmental Agency. Greenhouse gas emissions from agriculture 
in Europe. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​e​​e​a​.​​e​u​r​​o​p​a​.​​e​u​​/​e​n​​/​a​n​​a​l​y​s​​i​s​​/​i​n​​d​i​c​​a​t​o​r​​s​/​​g​r​e​​e​n​h​​o​u​s​e​​-​g​​a​
s​-​​e​m​i​​s​s​i​o​​n​s​​-​f​r​o​m​-​a​g​r​i​c​u​l​t​u​r​e. 2024. Accessed 27 Jan 2025.

28.	 UK Climate Change Committee. 2023 Progress Report to Parliament - Climate 
Change Committee. 2023. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​t​​h​e​c​​c​c​.​​o​r​g​.​​u​k​​/​w​p​​-​c​o​​n​t​e​n​​t​/​​u​p​l​​o​a​d​​s​/​2​
0​​2​3​​/​0​6​​/​P​r​​o​g​r​e​​s​s​​-​i​n​​-​r​e​​d​u​c​i​​n​g​​-​U​K​​-​e​m​​i​s​s​i​​o​n​​s​-​2​​0​2​3​​-​R​e​p​​o​r​​t​-​t​o​-​P​a​r​l​i​a​m​e​n​t​-​1​.​p​d​f. 
Accessed 20 Dec 2024.

29.	 TNFD. Recommendations of the TNFD – TNFD. 2024. ​h​t​t​p​​s​:​/​​/​t​n​f​​d​.​​g​l​o​​b​a​l​​/​r​e​c​​o​
m​​m​e​n​​d​a​t​​i​o​n​s​​-​o​​f​-​t​h​e​-​t​n​f​d​/. Accessed 28 Feb 2024.

30.	 National Farmers Union. Achieving Net Zero Farming’s 2040 goal. 2019. ​h​t​t​p​​
s​:​/​​/​w​w​w​​.​n​​f​u​o​​n​l​i​​n​e​.​c​​o​m​​/​m​e​​d​i​a​​/​j​q​1​​b​2​​n​x​5​​/​a​c​​h​i​e​v​​i​n​​g​-​n​​e​t​-​​z​e​r​o​​-​f​​a​r​m​i​n​g​-​s​-​2​0​4​
0​-​g​o​a​l​.​p​d​f. Accessed 5 Feb 2024.

31.	 UKCC Committee. Land use: Policies for a Net Zero UK. 2020. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​t​​h​e​
c​​c​c​.​​o​r​g​.​​u​k​​/​p​u​​b​l​i​​c​a​t​i​​o​n​​/​l​a​​n​d​-​​u​s​e​-​​p​o​​l​i​c​​i​e​s​​-​f​o​r​​-​a​​-​n​e​t​-​z​e​r​o​-​u​k​/. Accessed 10 Jan 
2024.

32.	 Institute for European Environmental Policy. Net-Zero Agriculture in 2050: 
How to get there. 2024. ​h​t​t​p​​s​:​/​​/​e​u​r​​o​p​​e​a​n​​c​l​i​​m​a​t​e​​.​o​​r​g​/​​w​p​-​​c​o​n​t​​e​n​​t​/​u​​p​l​o​​a​d​s​/​​2​
0​​1​9​/​​1​1​/​​0​2​-​1​​9​-​​n​e​t​​-​z​e​​r​o​-​a​​g​r​​i​c​u​​l​t​u​​r​e​-​i​​n​-​​2​0​5​0​-​h​o​w​-​t​o​-​g​e​t​-​t​h​e​r​e​.​p​d​f. Accessed 
28 Jan 2025.

33.	 Duchene O, Capowiez Y, Vian J, Ducasse V, Cadiergues A, Lhuillery T, et al. 
Conservation tillage influences soil structure, earthworm communities and 
wheat root traits in a long-term organic cropping experiment. Plant Soil. 
2024;503(1):183–200.

34.	 Bellamy PE, Croxton PJ, Heard MS, Hinsley SA, Hulmes L, Hulmes S, et al. The 
impact of growing miscanthus for biomass on farmland bird populations. 
Biomass Bioenergy. 2009;33(2):191–9.

35.	 United Nations. Paris Agreement. 2015. ​h​t​t​p​​s​:​/​​/​u​n​f​​c​c​​c​.​i​​n​t​/​​s​i​t​e​​s​/​​d​e​f​​a​u​l​​t​/​f​i​​l​e​​s​/​e​​
n​g​l​​i​s​h​_​​p​a​​r​i​s​_​a​g​r​e​e​m​e​n​t​.​p​d​f. Accessed 28 Aug 2024.

36.	 Martens HR, Laage K, Eickmanns M, Drexler A, Heinsohn V, Wegner N, et al. 
Paludiculture can support biodiversity conservation in rewetted Fen peat-
lands. Sci Rep. 2023;13(1):18091.

37.	 Barrios E, Valencia V, Jonsson M, Brauman A, Hairiah K, Mortimer PE, Okubo 
S. Contribution of trees to the conservation of biodiversity and ecosystem 
services in agricultural landscapes. 2018; 14:1–16.

38.	 Sage R, Cunningham M, Boatman N. Birds in Willow short-rotation coppice 
compared to other arable crops in central England and a review of bird 
census data from energy crops in the UK. Ibis. 2006;148:184–97.

39.	 Pullin A, Frampton G, Livoreil B, Petrokofsky G. Guidelines and Standards for 
Evidence synthesis in Environmental Management. 2022. ​h​t​t​p​​s​:​/​​/​e​n​v​​i​r​​o​n​m​​e​n​
t​​a​l​e​v​​i​d​​e​n​c​​e​.​o​​r​g​/​i​​n​f​​o​r​m​​a​t​i​​o​n​-​f​​o​r​​-​a​u​​t​h​o​​r​s​/​g​​u​i​​d​e​l​i​n​e​s​-​f​o​r​-​a​u​t​h​o​r​s​/. Accessed 11 
Jan 2024.

40.	 Haddaway N, Macura B, Whaley P, Pullin AS. ROSES RepOrting standards for 
Systematic Evidence Syntheses: pro forma, flow-diagram and descriptive 
summary of the plan and conduct of environmental systematic reviews and 
systematic maps. Environ Evid. 2018;7:1–8.

41.	 Rowlands S, Randall N, Casperd J, Lee MR, Kirby S. What evidence exists on 
how biodiversity is affected by the adoption of carbon footprint reducing 
agricultural practices? A Systematic Map Protocol. PROCEED. 2024. ​h​t​t​p​​s​:​/​​/​d​o​i​​
.​o​​r​g​/​​1​0​.​​5​7​8​0​​8​/​​p​r​o​c​e​e​d​.​2​0​2​4​.​6.

42.	 Haddaway N, Collins A, Coughlin D, Kirk S. The role of Google Scholar in 
evidence reviews and its applicability to grey literature searching. PLoS ONE. 
2015;10(9):e0138237.

43.	 Cohen J. A coefficient of agreement for nominal scales. Educ Psychol Meas. 
1960;20:37–46.

44.	 Collaboration for Environmental Evidence. CEEDER Database—Environ-
mental Evidence. 2024. ​h​t​t​p​​s​:​/​​/​e​n​v​​i​r​​o​n​m​​e​n​t​​a​l​e​v​​i​d​​e​n​c​​e​.​o​​r​g​/​c​​e​e​​d​e​r​-​s​e​a​r​c​h​/. 
Accessed 22 Aug 2024.

45.	 MapChart. World Map - Simple. 2024. ​h​t​t​p​​s​:​/​​/​m​a​p​​c​h​​a​r​t​​.​n​e​​t​/​w​o​​r​l​​d​.​h​t​m​l. 
Accessed 23 Aug 2024.

46.	 Harrison FP, Bean A, Qawiyy OJ. The insects important in no-till corn in 
Maryland and their control. Hournal of the New York Entomological Society. 
1978;86:293.

47.	 Sportelli M, Frasconi C, Fontanelli M, Pirchio M, Raffaelli M, Magni S, et al. 
Autonomous mowing and complete floor cover for weed control in vine-
yards. Agronomy. 2021;11(3):538.

48.	 Cooledge E. Exploring the agronomic and environmental effects of herbal 
leys on lowland sheep production. 2023. ​h​t​t​p​​s​:​/​​/​r​e​s​​e​a​​r​c​h​​.​b​a​​n​g​o​r​​.​a​​c​.​u​​k​/​p​​o​r​t​a​​l​
/​​e​n​/​​t​h​e​​s​e​s​/​​e​x​​p​l​o​​r​i​n​​g​-​t​h​​e​-​​a​g​r​​o​n​o​​m​i​c​-​​a​n​​d​-​e​​n​v​i​​r​o​n​m​​e​n​​t​a​l​​-​e​f​​f​e​c​t​​s​-​​o​f​-​​h​e​r​​b​a​l​-​​l​e​​
y​s​-​o​n​-​l​o​w​l​a​n​d​-​s​h​e​e​p​-​p​r​o​d​u​c​t​i​o​n​(​3​7​1​2​7​1​d​4​-​4​5​9​0​-​4​a​c​1​-​8​1​a​0​-​6​5​5​8​d​9​e​5​b​9​c​d​)​
.​h​t​m​l. Accessed 17 Dec 2024.

49.	 Christie AP, Amano T, Martin PA, Shackelford GE, Simmons BI, Sutherland WJ. 
Simple study designs in ecology produce inaccurate estimates of biodiversity 
responses. J Appl Ecol. 2019;56:2742–54.

50.	 Lindenmayer DB, Lavery T, Scheele BC. Why we need to invest in large-scale, 
long-term monitoring programs in landscape ecology and conservation biol-
ogy. Curr Landsc Ecol Rep. 2022;7:137–46.

51.	 Klebl F, Parisi A, Häfner K, et al. How values and perceptions shape farmers’ 
biodiversity management: insights from ten European countries. Biol Con-
serv. 2024;291:110496.

52.	 Świtek S, Sawinska Z, Głowicka-Wołoszyn R. A new approach to farm biodi-
versity assessment. Agronomy. 2019;9:551.

53.	 DESNZ. Carbon Budget Delivery Plan. 2023. ​h​t​t​​​​p​​s​:​​/​​/​w​w​w​​.​​g​​o​v​.​u​​k​​/​g​​o​​​v​e​r​​​n​m​e​​
n​​t​/​​​p​u​​b​​l​i​c​​a​t​i​o​​n​s​/​c​a​r​b​o​n​-​b​u​d​g​e​t​-​d​e​l​i​v​e​r​y​-​p​l​a​n​/​c​a​r​b​o​n​-​b​u​d​g​e​t​-​d​e​l​i​v​e​r​y​-​p​l​a​n​. 
Accessed 17 Dec 2024. 

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://www.eea.europa.eu/en/analysis/indicators/greenhouse-gas-emissions-from-agriculture
https://www.eea.europa.eu/en/analysis/indicators/greenhouse-gas-emissions-from-agriculture
https://www.theccc.org.uk/wp-content/uploads/2023/06/Progress-in-reducing-UK-emissions-2023-Report-to-Parliament-1.pdf
https://www.theccc.org.uk/wp-content/uploads/2023/06/Progress-in-reducing-UK-emissions-2023-Report-to-Parliament-1.pdf
https://tnfd.global/recommendations-of-the-tnfd/
https://tnfd.global/recommendations-of-the-tnfd/
https://www.nfuonline.com/media/jq1b2nx5/achieving-net-zero-farming-s-2040-goal.pdf
https://www.nfuonline.com/media/jq1b2nx5/achieving-net-zero-farming-s-2040-goal.pdf
https://www.nfuonline.com/media/jq1b2nx5/achieving-net-zero-farming-s-2040-goal.pdf
https://www.theccc.org.uk/publication/land-use-policies-for-a-net-zero-uk/
https://www.theccc.org.uk/publication/land-use-policies-for-a-net-zero-uk/
https://europeanclimate.org/wp-content/uploads/2019/11/02-19-net-zero-agriculture-in-2050-how-to-get-there.pdf
https://europeanclimate.org/wp-content/uploads/2019/11/02-19-net-zero-agriculture-in-2050-how-to-get-there.pdf
https://unfccc.int/sites/default/files/english_paris_agreement.pdf
https://unfccc.int/sites/default/files/english_paris_agreement.pdf
https://environmentalevidence.org/information-for-authors/guidelines-for-authors/
https://environmentalevidence.org/information-for-authors/guidelines-for-authors/
https://doi.org/10.57808/proceed.2024.6
https://doi.org/10.57808/proceed.2024.6
https://environmentalevidence.org/ceeder-search/
https://mapchart.net/world.html
https://research.bangor.ac.uk/portal/en/theses/exploring-the-agronomic-and-environmental-effects-of-herbal-leys-on-lowland-sheep-production(371271d4-4590-4ac1-81a0-6558d9e5b9cd).html
https://research.bangor.ac.uk/portal/en/theses/exploring-the-agronomic-and-environmental-effects-of-herbal-leys-on-lowland-sheep-production(371271d4-4590-4ac1-81a0-6558d9e5b9cd).html
https://research.bangor.ac.uk/portal/en/theses/exploring-the-agronomic-and-environmental-effects-of-herbal-leys-on-lowland-sheep-production(371271d4-4590-4ac1-81a0-6558d9e5b9cd).html
https://research.bangor.ac.uk/portal/en/theses/exploring-the-agronomic-and-environmental-effects-of-herbal-leys-on-lowland-sheep-production(371271d4-4590-4ac1-81a0-6558d9e5b9cd).html
https://www.gov.uk/government/publications/carbon-budget-delivery-plan/carbon-budget-delivery-plan
https://www.gov.uk/government/publications/carbon-budget-delivery-plan/carbon-budget-delivery-plan

	ac9ed4d4-b146-40a0-b791-3e1204c9a84a.pdf
	﻿What evidence exists on how biodiversity is affected by the adoption of carbon footprint-reducing agricultural practices? A systematic map
	﻿Abstract
	﻿Background
	﻿Theory of change
	﻿Stakeholder engagement

	﻿Objective of the review
	﻿Primary question

	﻿Methods
	﻿Deviations from the protocol
	﻿Searching
	﻿Screening
	﻿Data coding


	﻿Search for articles
	﻿Internet searches
	﻿Specialist sources
	﻿Supplementary searches
	﻿Comprehensiveness of the search
	﻿Assembling and managing search results

	﻿Article screening and study eligibility criteria
	﻿Screening process
	﻿Eligibility criteria
	﻿Study validity assessment
	﻿Data coding strategy
	﻿Data mapping method

	﻿Review findings
	﻿Review descriptive statistics
	﻿Characteristics of the evidence base
	﻿Publication type
	﻿Geographic location
	﻿Publication year


	﻿Mapping the quantity of studies relevant to the question
	﻿Agricultural system
	﻿Population
	﻿Interventions to meet land management objectives

	﻿Mapping the quality of studies relevant to the question
	﻿Study design
	﻿Study length
	﻿Study length for each intervention

	﻿Knowledge gaps and clusters
	﻿Land management objective and population groups
	﻿Author reported outcomes

	﻿Reviews
	﻿Review type
	﻿Population and land management objective reviews

	﻿Limitations of the map
	﻿Conclusions
	﻿Implications for research
	﻿Implications for policy/management

	﻿References





