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Executive Summary

The Bio4Agtoolboxis an online, open access, interactive resource
hub providing resourcesto assist farmersand policy makersin
understanding complexin-field agroecosystem networksand using
this knowledge to design optimal cropping systems and facilitating
the application of new strategiesin the transition towards more
sustainable, biodiversity-based production systems. The project
draws together datasets on indicators of crop productivity, soil
health and biodiversity from the Hutton’s Centre for Sustainable
Cropping (CSC) long-term experiment (Hawes et al. 2019, Hawes et
al.2025) and assodiated projects. Dashboards provide the
opportunityto review data-driven evidence for the costs, benefits
and risks associated with the adoption of regenerative farming
approaches. An interactive network representing key elements of
thein-field agroecological systemallows usersto explore likely
impacts of selected management options on outcomesfor
biodiversity, soil health, greenhouse gas emissions, carbon footprint
andfinancial retum. After exploringoptionsonline, userscanthen
apply combinations of strategies on their own farms and monitor
the outcomes by following our user-friendly monitoring
procedures. The Bio4Ag Toolbox thus facilitates an iterative process
of bespoke, whole-system design and testing for those wishing to
adoptand promote regenerative agricultural practices.

Background

1. Reversing biodiversity lossand enhancingfood productionare
oftenseenas conflictinggoalsin farming, butintegrating
biodiversity into cropping systemsis crucially importantfor
maintainingand regulating agroecosystemservicesin lowinput
systems.

2.Byincreasing system resilience and the efficiency of resource
use, these services support sustainable production with less
reliance on agrochemicalinputsand therefore also contribute to
reductionsin dimate changeimpacts.

3. However, integrating biodiversity into cropped systems requires
anunderstanding of agroecological processesand comeswith
anelementof uncertainty and, therefore, riskto growers.

Agroecological
design: utilizing
biodiversity and
soil health for
more efficient
crop production

Aims

To promote better understanding of underlyingfarmland

ecology and how biodiversity can helpimprove efficiencyand

regulate system processesfor lowerinput farming, using:

*  Datadashboardsinform usersonimpacts of regenerative
approacheson key indicators of ecosystem healthand how
management optionsadoptedat the Centre for Sustainable
Croppingcan effect change;

* Thetoolboxallowsland managers, agronomistsand policy
makersto understand the potential for achievingmultiple
benefitsand optimisingtrade offs through the adoption of
specificcombinations of crop managementstrategies;

*  Resourcesare provided to support the adoption of beneficial
practicesincluding technical notes, guides and user-friendly
methodsfor monitoringoutcomes.

Legacy

The Bio4Ag Toolbox will provide project legacyas an open access,

onlineresource and design supporttool which will continueto be

updated annually, in collaboration with Linking Environment And

Farming (LEAF), Agricology, BOFIN, ClimatexChange, Royal Botanic

Gardens Edinburgh (RBGE), PlantHealth Centre (PHC), SRUCand

BioSS.

* Forfarmers, agronomists and industry organisations, the site will
be developedtoincludetechnical notes, videosand information
onalterative managementapproachesas theyaretriedand
tested at the Centre for Sustainable Cropping platform.

* For policy, future developments will align the suite of
managementinterventions listed in the toolbox with those
required by policyand supply chainactors.

* Forscience, development of a Bayesian Belief Network model
will replace the conceptual model allowing representation of
uncertainty and providing predictive capacity.
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The Bio4Ag Toolbox

Regenerative agriculture aims to improve soil health
and biodiversity to enhance ecosystem services
(nutrient cycling, pollination and predation) and
increase the capacity of agroecological systems for
internal regulation of processes to maintain
productivity and build resilience with less reliance on
agrochemical interventions and therefore lower
environmental impact (Hawes et al. 2021). However,
agroecological systems are highly complexand
achieving these multiple benefits simultaneously can
be challenging. The Bio4Ag Toolbox aims to provide
the resources needed by farmers to better
understand how management impacts the ecology of
the cropped environment and how practices can be
combined to optimize essential ecological functions
and processes (Squire and Hawes 2024).

Structure & Content

1. About Page givesan overview of the toolbox, linkstothe
project partner’swebsites and shortcutsto the dashboard
pages. This page also provides a link to a video with instructions
on howtogetthe most out of the toolboxand where tocome
for additionalinformation and feedback.

2. Home Page containslinks to further information on the Centre
for Sustainable Croppinglong-term experiment, its background

and purpose as well as site layout, design and a virtual tour. Links
arealso provided toinformation on cropping, agronomy, the
toolbox (where monitoring methods can be accessed), and
eachofthe 5 datadashboards for indicators of biodiversity, soil
health, pollutant losses, crop nutritionand yields.

3.Toolbox Page is the mainfocus of the website which allows

usersto explorethe likely effects of management optionsand
combinations of different management strategies on outputs
fromthe arable systemvia the network of interactingelements
withinand immediately surrounding croppedfields. Thisis
described fullyin the sectionson pages6-7.

4. Resources Page providesadditional resourcesfor users wishing

todelve deeperinto particular aspects of agronomic practices
and outcomes-based monitoring of impact. Links totechnical
noteson specificagronomicinterventions (conservationtillage,
cover cropping, organicamendments, nutrient supply etc.),
resources for automated monitoring of soiland biodiversity,
plant, bird and insectand earthworm ID guides and examples of
citizen science projectswhere these methods have been
appliedare collated here for easy access to furtherinformation,

groupedbytopic.

5. Datasets Page givesa summaryofthe availabledataand

archived samples that can be accessed by stakeholderswishing
tocarry out theirowninvestigations or comparisons of indicator
variables acrosssites. All data are openaccess, buta passcode
must be requested fromthe project managertoallow
coordination across projects and effective collaboration
betweenusers.

ool Biodiversity 4Agriculture: lessons from the Centre for Sustainable Cropping SEFARIS ¢

Outcomes-based monitoring of ndicators is

used to measure impact and guide feraiive
Improvement
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Data-driven evidence of the impact of management change on cropping systems is essential for farmers to make informed
decisions when planning a transition to regenerative agriculture. The Bio4Ag Dashboards summarise results from the
Hutton's research farm platform, allowing users to explore costs and benefits over time, thus facilitating uptake of
appropriate best practice options with minimal risk to their own farm businesses. Each dashboard provides options for

selectingindicators to view out of a suite of measured variables and links to technical notes describing trends from the CSC
experimentand the standardized monitoring methods used..

for ecosystemservicesinduding
litter decomposition, nutrientcycling, pollinationand regulation
of pestand disease populations: diversity of speciesand
functionaltypes of plants, invertebratesand microbesin above-
and below-groundarable food webs makesthe systemmore
stableand resilientto changesin managementand climate.
Natural population regulation reduces reliance on crop
protectioninputs, helpingto maintain crop yield with less
environmentalimpact.

for ecosystem services: organic
matterinputsenhance decomposition, nutrientcycling,
pathogen suppression, more efficient uptake of resources by
crops, pluslower rates of soil erosion and runoff. Minimising soil
disturbance by reducedtillage, including cover cropstokeep
livingrootsin the groundall year and adding organicmatterall
benefitsoil structure . Healthy soils support regulation of pests
and pathogens, nutrient cyclingand retentionand therefore
reduce reliance on agrochemicalinputs.

Integrated management

tominimisefertiliserinputs
legumes are incorporatedfor Biological Nitrogen Fixation (BNF)
and Soil Nitrogen Supply (SNS) is used to calculate cropfertiliser
requirement. Mineral nitrogenfertiliser uses the biggest
contributortogreenhousegas emissionsfromarable
production, bothas directemissionsand indirectlyin the
manufacturing process. Efficient use can be achieved by better ;
soil health to optimise uptake, timing of application, legumes, ' o Monitoing;
and cover crops to minimise losses over winter.

pollj
Monitoring: eart brates "nators
other soit inverte

deploying Nature Based Solutionsin
diversifiedfield margins, riparian buffers and uncroppedareasis
effective for managing erosion, runoffand floodrisk, reducing =g

riskata wider spatial scale by capturinglosses during heavy
rainfallevents.

f1

si&.
Hili]
Fatlustts

i

i
i\

fulth
(Al

1 i

xii‘

can be maintained by optimising
production efficiency and utilising ecosystemservices. However,
managementfor low environmentalimpactcanincurayield
penalty. Yieldand financial margins therefore needto be
incuded in environmental audits to informincentive schemes
and guide crop system design to minimise economicimpact,
particularlyin the early stages of transition before long-term
benefits of a healthy, resilient crop system can be achieved.
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Agroecological design tool

tral component of the Bio4Ag Toolbox is the interactive agroecological network representing key

nents of a typical in-field system. The aimis to provide the user with a tool to explore the likely

of different management interventions on soil physical properties, biodiversity, nutrient cycling

es, crop nutrition, weed biodiversity and arable foodwebs. Management options can be combined
timize benefits for environmental impact, biodiversity and yield.

Management options

Managementoptionsare those thatare included as part of the
regenerative croppingsystemat the Centrefor Sustainable
Cropping, groupedby goal - soilhealth, nutrientsand
biodiversity.

Soil health is divided into organic matterinputs (eitherinternally
generatedfrom cover crops, weeds or crop residue or extemally
derived sourcessuch as green waste municipal compost) and
cultivations (reducedtillage disturbance through direct drilling or
occasionaltill).

Nutrient managementis divided into three categories: nutrient
budgeting (using soil testing to determine soil nutrient supplyand
basing mineralfertilizer rateson these calculations); precision
spraying (ensuring the timingand location of fertilizer inputs
matches crop requirement),and; incorporatinglegumes as
cash, cover-, companion- or inter-cropsto boostsoil nutrient
supply using renewable biologically fixed nitrogen.

Biodiversity managementis classifiedinto (a) strategiesto
reduce non-target effectsby Integrated Pest Management
optionsincuding threshold monitoringand forecasting,
biocontroland biofortificationtoincrease crop resilience to pests
and disease, and (b) increasing habitat diversity and resource
provision by planting speciesrich field margins, wildflower strips,
headlandsand buffers, targeted weed managementto support
low but viable populations of inield weeds,and weedy
stubbles or diverse cover crop species mixesoverwinter.

Furtherinformation and technical notesare linked to each of
these managementinterventionson the Resources Pagefor
the usertoreview,and can be selected by the user by clicking
the check boxonthe list next to each option. Multiple options
can be combinedto improve on predicted outcomes depending
ontheusers farm business, the resources they have available
and management targets, whether that is optimizing yield,
managingfor biodiversity, improvingsoil health, or awhole
systemsapproachincorporatingall three.

Agroecological network

Whenamanagementoptionis selected, the relevant nodesthat
areimpacted by thatmanagementin the in-field agroecological
networkare highlighted along with the links betweenthem. So,
for example, if the user selects “organic matteramendments”
the OM inputs node is highlighted along with the knock-on
effectsto soilorganicmatter, physical structure, microbialand
detritivore activity, litter decompositionand nutrient cydling, soil
nutrientsupply, crop rootingand nutrient uptake . Positive
effectsof amanagement practice are indicated by anincreasein
scorefor eachnode. These scores are qualitative, based on
literature review and trendsfromthe Centrefor Sustainable
Cropping (Hawesetal.2021). So, inthe above example, sail
organic matteramendments makes a large contributionto soil
carbon content (setto 60% of the maximum). This can be
improved upon by alsoincluding crop residue and cover cropsin
the checklist of management options, increasing the score to
100% . These two options combined resultin a score of 50% for
soil structure which can be furtherimproved by addingin
conservationtillagetothelist.

Outputs

Impactsof the combination of management optionsselected
are summarizedin terms of likely consequencesforarange of
desired outcomes from the farming system: soil carbon
sequestration (dependson carboninputsandtillage), minimising
losses of nutrients (influenced by on soil structure and nutrient
management), minimisinggreenhouse gas emissions (depends
on soilmanagementand mineral fertilizerinputs), soil
biodiversity (impacted by tillage and organicmatterinputs),and
aboveground biodiversity (varies with habitat conservation,
weed managementand IPM strategies). These scoresare
qualitative and based on observations fromthe Centre for
Sustainable Cropping, expert opinionand literature review, but
aim toguide the user in the selection of combinations of
management strategies thatare mostlikely to achieve multiple
benefitsfromthe land.
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Current status and next steps

This project has funded the designand development of the
Bio4Agtoolboxand website with voluntary contributionstoiits
co-development from collaborating partners within the Hutton,
SRUCG, Plant Health Centre, ClimateXChange, Royal Botanic

Gardensand LEAF, subsequently extendedtoinclude the British

On-Farm Innovation Network (BOFIN), Agricology and AHDB.
Thetoolboxwas presented at the Agricology/AHDB Resilient
Farm Roadshow (The Resilient Farm Roadshow | AHDB)in Nov
2025, and the Ecosystemand Land use Stakeholders and Policy
Engagement Groups Meetingsin Dec 2025 and Jan 2026.

The project has supported two rounds of demonstration, testing

and feedbackwith stakeholders and we are currentlyin the final
stages of incorporating the feedbackand suggestionsfromthe
second iterationheld in March 2026. Although the projectis
now beyondthe official end date, the toolis relevant toand
supported by a range of current RESAS and extemally funded
projectsincluding RESAS D4-3 Scotland's Biodiversity: People,
Dataand Monitoring, RESAS Underpinning National Capacity:
KUC-FO3-2 the Centre for Sustainable Cropping, The EU
Agroecology Partnership, European Commission funded
‘Researchand Innovation Action’ projects:www.econutri-
project.eu(101081858), and www.legumESproject.eu
(101135512). These projectswill support the final stages of

incorporating feedback received to date and a launch plannedto

coincide withthe BOFIN North Inspiration day in May 2026,

Resources Datasets

Contact Us

Outputs

a Carbon sequestration ™
umm-u; soil and nutrient loss (100
Minimising GHG Emissions »
Soil Biodiversity

Above ground biodiversity

Minimising agrochemical refiance
for crop yleld

followed by a roll-outvia Agricology, BOFIN and LEAF networks.
Longer-term, the toolboxwill continue to be developedin
parallel with the Centre for Sustainable Croppinglong-term
experiment which operateson an iterative annual cycle of
review, development and testing. New material willbe added
annuallyas data become available and alternative interventions
aretestedand incorporatedintothe regenerative cropping

systematthefarm.

Here we provide the resources needed to implement an
iterative and adaptive process of system design to help
facilitate uptake of biodiversity-based approaches for

arable production systems.

1. & 4. Field guides and
user-friendly methods for
soil & biodiversity
monitoring

2. & 3. Technical notes and
resources collated for
agronomic interventions

5. Data-driven evidence for
effect of management
system on indicators

6. Interactive network to
explore likely outcomes of
integrating new
management strategies

1. Baseline

monitoring N

2. Set goals for

/- management

3. Implement
new practices

6. Modify
system

4. Monitor
outcome

5. Review

impact

afee BiodAg
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Project legacy

Asan online, openaccess resource library and decision aid, the
Bio4Ag Toolbox providesa means by which resultsand lessons
leamed from the Centre for Sustainable Croppinglong-term
experimentand associated regen ag projects can reacha wider
audiencethanis possible by in-personsite visitsand institute KE
eventsalone. The site will be maintained as a long-term resource
forindustry, policy and science stakeholdersand developed
alongside the experimental platformas a digital “shadow”,
incorporating new information and dataas it becomesavailable.

Industry

Forfarmers, agronomists and industry organisations, the site will be
developedtoincludetechnical notes, videosand informationon
alternative managementapproachesas theyare tried and tested
atthe Centrefor Sustainable Cropping platform. The use of drones,
robots, smart phoneimagingand automated methods for
monitoringand data collectionare being investigated,and once
tried and tested, could representa valuable resource forinnovative
farmerswishingtoincrease the extent of data collection on their
ownfarms. A fadility withinthe site to allow users to recordand
upload datafromtheir ownfarms, generate summary statistics of
trends overtime froma baseline and compare (anonymously)
against national averagesis alsoa future ambitionfor the project
goingforward. Industry funding will be sought to build in this
functionality as part of a second phase.

Policy

Withthe riseininterestin outcomes-based monitoringof changes
resultingfrom management practicesintroduced as part of new
agri-environmental policyand incentive schemes, thereisa need to
joinupactionwith outcome. Bio4Ag providesfarmers and policy
makerswiththe frameworkneededto achievethisand better
appreciate some of the underlying processesinvolved and the
potentialfor tradeoffs betweenthem. Future developments will
alignthe suite of managementinterventionslistedin the toolbox
with those required by policyand supply chainactors.

Science

The Bio4Ag project providesa basic starting pointfora number of
applicationsin the scientificcommunity including the development
of Living Labs and digital twins as part of the Agroecology
Partnershipwith>100 partnersover 31 Member States. Funded
stafftime withinthe partnership over the next 8 years also supports
continued development of a Bayesian Belief Network (BBN) model
of the agroecological infield system which will eventually replace
the existing hard-wired, qualitative model. The BBN is more
sophisticatedin that it captures uncertainty in the response of
indicatorsto management change, developingthe simple,
descriptive and conceptual model toone with predictive capacity.

View over the Centre for Sustainable Cropping platform fields

3D digital elevation of the platf
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