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Step 1: Goal setting/priorities o

Hutton
Soil health — Biodiversity — Yield Institute
Goal Soil physical structure & biological function for
better yields, with less fertiliser and pollution
é\o é/o/o
o Gy
Mechanism .\Nz-jter holding capacity, |V|ICI’ObIOI’TTe- dlverS|ty,. .
infiltration, aggregate decomposition, symbiotic
stability, soil pore diversity, associations (mycorrhizae,
lower bulk density rhizobia), antagonists
Management options check list:
Organic matter Conservation Cover cropping Legumes
amendments v tillage v Green manure v Under-sowing v/
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Step 1: Goal setting/priorities o

Hutton
Soil health — Biodiversity — Yield Institute
Goal Integrating biodiversity into crop production
to reduce agrochemical reliance
x° Yot
<
. Crop diversity to enhance Weed and field margin
Mechanism _ . .
yield enhancement through diversity for ecosystem
niche differentiation, services (pollination,
facilitation and apparency biocontrol, soil processes)
Management options check list:
Legume Co-cropping & Diversified In-field broad-
undersowing v inter-cropping v/ field margins v leaved weeds v
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Step 1: Goal setting/priorities s
Hutton
Soil health — Biodiversity — Yield Institute
Goal Maintaining yield with less inputs through
nutrient management and crop
protection
o{ o
| Q:\o"(\ s lon
Mechanism
Utilising soil health for Resilient and resistant crop
better plant nutrition, varieties through nutrition
precision agriculture and breeding, IPM

Management options check list:

Legumes for Soil N Supply Fert timing and Biofortification
BNF \/ measurement \/ placement \/ and nutrition \/
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Searchable Resource Library i

The James

linked to management options selected by user Hutton
Institute

Minimum tillage

Technical Note
Key points to success with minimum tillage are:

TN 5 5 3 *  Minimum tillage is not an easy option, it demands commitment, time and patience.
ISSN 0142 7695

ISBN 1 85482 791 X
Decer~t- 1d more stable structured soils are best suited to minimum tillage.

e A~ the experience of others in your area before starting on minimum tillage.

erate one main system to reduce costs but be prepared to be flexible throughout —

\N ABLE necessary to change the tillage system or even cropping at short notice. r a n g

haring with neighbours or contracting in labour and machinery.

Y SU * machinery is available and used properly, with minimum compaction ;
SINP ODIVERS'™ ' g, TOR

SIMPLY
prove ttention to soil conditions and grass weeds. “asig, SUSTA' NABLE SO' LS

at harvest.

onstrations comparing minimum tillage with ploughin; feag, o [:9]1 ix Si
pang FERELPENE _ep i Six Simple Steps for

the Performance,

‘ed in this note is based on
ience of a wide range of

)f:our soil to help improve
. €alth and long-
sustamabih’ty of your landg o

Further advice and ideas
ce with minimum tillage
1. This technical note was
t of a minimum tillage
advisory activity and as

¥ blans  Marketing  Markets and prices ~ Knowledge library ~ Tools  Events

Home > Knowledge library > How to use red clover

How to use red clover

> Growing red clover for silage and grazing
> Case study
> Useful links

ASDA 57

Find out how to use red clover to benefit your system. See our tipson g. .. _ e
grasses.
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Step 2: Predict sustainability impact !hl."'

Hutton
Checklist of options linked to DEXi model Institute

ﬂ

CSC

Integrated management options
Soil carbon amendments Sustainability assessment
Cultivations — direct drill
Co-cropping, intercropping
Variety selection

Precision ag options
Fertiliser alternatives Carbon sequestration
IPM strategies, threshold
monitoring
Biofortification Biodiversity
Weed management
Margins and buffers
Habitat/resource provision

GHG emissions

|
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Crop yield/quality

Financial margins
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Step 3: Baselining to monitor change

Resource library for monitoring linked to selected
management options

Moniton'ng: insect

Monitoring: soil Pollinators

! oring: arable
carbon and structure " Monitoring a

weed seedbanks

Methods

. VESS v
packgroved A simple Visal Exsunton of S0L 0 rmers Measurements
Soil structure is determined developed by SRUC and is widely used By B7F 7 the taxonomic and Meag,,
largely by the level of agronomists to assess agricultural soil struf held in the soi ’EMents
disturbance and the organic point scale from frisble to very compact. M p vad istripyy
matter content of the soil. ide and colour chart can be downloaded frol D‘:fih;,,, o ':n i feigs 1
Reduced disturbance by T 1 s e ac ulmedia/sbefnaxvess-colour-chart e Dt g " 300 limiggq d:"lh!y Variabie
ne 5 | organic matter is straightforward sampiing = 38 Vith 20T € Montgp SURing perersa! away o8
Measuring 30l ey <eedbank is spatially V3 3l diversiny ot "6 1O ensyny < erOgen, ™ the MOn' .
et ol - o o 2 oo ™ 7 e itoring: preq
: £ n n .
+ Take 20 soil samples in 3 W-pattem 3cross grid paam), or along 2 \:::ordl ma "‘ of S ato rs
oven at 70°C for 48 hrs or un} in-field areas, of stratifie 4 at t h e
el maps round-surface

+ Weigh each and dry in an : ! ‘
wu:r‘:is ‘o further loss in weight. This wil give the s

moisture content at the time of sampling-

provide better environment S
for both root growth and e
microbial activity.
improved soil structure is eeds,
critical in m'mimﬂing. 'Ios§Es
through erosion, facilitating
better drainage and water
holding capaci™ 4
p

« Using 2 pestle and mortar,
sampleinto a fin

accurate p;

Stratagies with
o give suff
bicdiversity i,

Field Margin Plant Functional Types . .
Monitoring: soil

microbial function

The James
Hutton

A. Compositae (daisies) | B. Legume (vetch, clover)

Pitall trapping
Sround.curgscq

Sampiling shoutg
9 tapture spe,
history stratagies
This methog go
Bresent pup g

Methods

of the soil
specific microbial responses to field management requires
specialist knowledge and laboratory techniques.
Simple indicators of the soil functions that are driven by
the microbial community are therefore required.

Background

Earthworm activity, organic
matter inputs and low input.
agriculture enhance  the

icrobial soil-

and

D. Brassica (wild radish)

Economics and whole-system
 sustainability

C. Umbellifer (carrots)

Most indicators focus on litter decomposition processes,
the community science projects:

“Time for rtes” the Global Limer
Dacomposition Study, which uses the lss in
weight of teabags buried for the duration of
the growing season to calculste rates of
litter dacompositicn

wwwteacomy

“Sail my Undies Challenge” a fantastic KE exercise where
farmers were encoursged to bury cotton underpants ta
‘test the level of biclogical activity in their soils. Breakdown
of the cotton was grester in hields with ‘healthy soil’
management.
A more formalised pratocol for measuring arganic-matter
iti by the of callulose
in standardised strips of woven coton fabric can be used
to give a quantifizble comparison across sites and fields.

Methods

Environmental indicators include the biodiversity and soil
heaith assessments outlined here which, together with
data on agronomic practices and inputs (collated from
farm records), impact overall system sustainability.
Economic Indicators for the impact of a change in
management at the field-scale include all input costs
(agrochemicals, amendments, seed), plus fuel use, tractor
time, yield, product quality and sale prices.

Using these data, a qualitative, multi-criteria sustainability
assessment can then be carried out via the CSC Toolkit: all
indicators are into a

where overall sustainability at the top is broken down into
economic and environmental components, each of which
are further subdivided into progressively smaller elements,
down to individual measured indicators at the bottom.

Background

Agricultural practices that
benefit the environment in
terms of soil quality and
biodiversity, are often in
conflict with management
to maximise yield output
However, degradation of
the farmiand environment
in which food is produced is
unsustainable in the long-
term
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how well a
system  meets
multiple  goals,

To assess

cropping
these

indicators of both economic
and environmental sustain-
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This user-friendly tool highlights where the positive and
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Step 4: Implementation and impact (T
The James

assessment Hutton
Institute

CSC

= Implement on farm

= Monitor using same indicator protocols

= (CSC dashboard: analysis of impact on indicators over time — costs, benefits and risks

Processes
= Minimising inputs
= Optimising resource use efficiency
= Reducing losses

Outputs
= Biodiversity gains
= Soil quality

= Yield
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Minimising inputs: crop protection (1l

The James
Hutton
Institute

Engineered solutions

Biofortification for crop resilience: Disease forecasting: Blight sprays down
Preliminary data indicate less by 1 to 4 a year using the Hutton Criteria
Septoria infection in winter wheat and “One Class” model to predict risk.
compared with standard fungicide

treatment.

Contact: Andrew Christie Contact: Alison Lees




‘\—-

® ® () [ ® ® ~
Minimising inputs: crop protection (T

The James

Hutton
Institute

Biodiversity-based solutions

Diverse field margins: provide habitat for
insect predators and floral resources adult

forms of
enemies.

Dipteran and parasitoid natural

Contact: Cathy Hawes

Weed biodiversity: supports diverse
foodwebs, regulating pest populations
through competition with non-pest
herbivores and predation by natural
enemies.

Contact: Cathy Hawes
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Minimising inputs: crop protection i
The James

Hu{ton

Biodiversity-based solutions Institute

Soil biodiversity: organic matter &
reduced disturbance generate diverse
microbial communities with pest
suppressive properties (antagonistic with
soil borne pathogens).

Contact: Maddy Giles, Jennie Brierley

Crop diversity: canopy heterogeneity in
mixed varieties/species of crop reduces
apparency to pests and disease,
minimising population spread through
fields.

Contact: Ali Karley, Adrian Newton


https://doi.org/10.1371/journal.pone.0044276

Soil Nitrogen Supply used to calculate
N input requirements; timing of
application targeted for max growth
periods. Results in ca. 40% reduction in
mineral N input.

Contact: Andrew Christie

—
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Minimising inputs: fertiliser (T

The James

Hutton
Institute

Biological Nitrogen Fixation by Faba
bean and under-sown clover can reach
> 200 kg hat yrtleaving up to 50 kg
hatyriresidual N in soil post-harvest.

Contact: Pete lannetta, Euan James



Reduced soil disturbance and diverse carbon inputs

-

Optimising efficiency i

The James

Hutton
Institute

(weeds, cover crops, crop residue and compost):

Improved soil structure for better
crop rooting and nutrient/water
uptake efficiency: pore diversity,
aggregate stability and water holding
capacity are increased, bulk density
is lower.

Contact: Tracy Valentine

Increased microbial biomass,
mycorrhizal fungi and macro-
invertebrate abundance resulting in
faster rates of decomposition and
nutrient availability.

Contact: Tim George, Cathy Hawes



Minimising losses: in-field

Nitrogen losses from arable systems: ~280 kg N hatyr!, 50%
from erosion, runoff and GHG emissions

= QOrganic matter inputs + reduced tillage - improve soil
structure, reducing erosion

= Tied-ridging - increased water infiltration, reducing run-off

= Cover crops - retain nutrients over-winter, reducing leaching

= Plant diversity - better resource use efficiency, reducing
GHG emissions and leaching
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The James
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Institute




Engineered riparian buffers to slow
movement of water from fields into natural
watercourses, using coppiced willow/alder

to take up excess nutrients; NBS-AIMS (D2)
Contact: Marc Stutter, Mark Wilkinson, Ken

Loades

‘\—-

Minimising losses: field boundaries LT

The James

. _ Hutton
Multi-functional Institute

', margins take up

= leached nutrients and
minimise GHG

#8 emissions.

: Contact: Tim George,
Tim Daniel, Cathy Hawes

“Magic margins” developed by
farm team win RSPB Nature of
Scotland Innovation Award.

Contact: Euan Caldwell




Outputs: yield

CSC

= Yields comparable to national averages (squire et al. submitted)

= 1strotation — 1 t/ha yield penalty in winter wheat; no
significant effect on other crops (Hawes et al. 2018, 2019)

= 2" rotation — analysis to follow 2023
= Modelling work with Jagadeesh and Mohamed

= Differences in varietal responses to management

Deeper rooting cereal varieties perform better in integrated system
(no-till) in extreme years (Newton et al. 2021)

Variation in BNF by faba bean varieties (Maluk et al. 2022)

Nutritional variation between potato cultivars, but no treatment
effects (Frietag et al. 2016)

-
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The James

Hutton
Institute
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Outputs: biodiversity s

The James
CSC Hutton
Institute
=  More (beneficial) dicot weeds in soil
seedbank

T—
= No overall effect of cropping system on '

grass weed seedbank, but more following
wheat and bean crops

Knock-on benefits to pollinators and other
beneficial invertebrates

Drone/phone imaging for automated

Species richness in weed seedbank diversity assessment



Outputs: soil

More soil organic matter

Positive correlation with litter
decomposition rates

Enhanced biological activity
earthworms, mycorrhizae, pest suppression

Aggregate stability, pore size diversity and
bulk density improves

—
=

The James

Hutton
Institute
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Step 5: whole-systems assessment (T

The James
Llisddnm

CSC

Date:

= Data entry form for —

Recorder (initials):

11

report Conventiona

farmers/consultants — :

. Soil (circle best match):  very wet wet damp dry very dry g

= Feed into automated !
S u m m a ry Stats/ fa r m Cultivation (circle choice): ploughed stubble drilled direct drilled incrop g

P P g

i

13
15
3.1

= Sustainability
assessment via DEXi-
CSC

= 97 input variables;
332 aggregate
variables

33

sdnoJ8d |euolduny pue ajuepunge wWiomyue3

Bu051105HN IS ‘Pross 2

3.5

5.1

5.3

5.5

Integrated

= Compares overall
sustainability and
components across
cropping systems




The James

The CSC is funded by the Scottish Government’s Rural and Environment g | Scottish Government
Science and Analytical Services Division. Thanks to Hutton Farm Staff, ES ~ Riaghaltas na h-Alba

and CMS science groups for supporting the platform research activities. gov.scot
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