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Introduction

Rob Fox, Farm Manager at Squab Hall Farm and Strategic 

Cereal Farm West host @SquabRob



Rob Fox
Farm Manager, Squab Hall Farm, Leamington Spa

• AHDB Strategic Farmer 

2018 – 2024 

• 1000 acres arable

• 900 acres cropped

• Part of 1800 acre Arable 

Joint Venture
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What is good soil health and how do we 
measure it? 

• Baseline soil properties 

were assessed on 9 fields 

across the farm and 

evaluated using the soil 

health scorecard

• The fields were divided into 

soil management zones 

according to the underlying 

soil variability (as identified 

using the farm soil texture 

maps)



Overall evaluation across all fields on the 
farm (field averages)



What is good soil health and how do we 
measure it? 

• Both Visual Evaluation of 

Soil Structure (VESS) and 

bulk density showed 

evidence of some 

compaction across the farm, 

with poorer structure 

observed on the heavier 

textured soils

• Earthworm numbers were 

depleted in a number of 

fields

Field 15 Zone 3 Shallow cultivation Sq 4 ‘compact’

Summer Open 

Day 2019 

handout is 

available at 

ahdb.org.uk  
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Crop establishment considerations:

the importance of soil health

Professor Jane Rickson

Chair in Soil Erosion and Conservation

Soil and AgriFood Institute

School of Water, Energy and Environment

Cranfield University

AHDB Agronomy: West Conference – 4th June 2020 
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Crop establishment considerations: 

the importance of soil health

1. The global and local challenges ahead

2. The importance of soil and soil health

3. Soil management practices for healthy soils: implications 

of the Strategic Farm trials

4. Take home messages
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How to achieve food security, given:

a) Increasing demands for safe, nutritious, 

accessible and affordable food

b) Finite amount of land

b) Competition with other land uses 

biofuels, urban development, infrastructure

c) ‘Yield plateau’ – poor yield response to 

higher fertiliser use

d) Soil degradation (£1.2 billion per annum in 

England and Wales alone)

e) Climate change, extreme events and 

weather variability (and impacts on water 

management, crop production and land 

degradation) 

1.The local and global challenges ahead: 

the need for soil health

…ALL ANSWERED BY 

“HEALTHY” SOILS???
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What is soil?

• Mineral content (texture: clays, silts and sands) ≈ 45%

• Chemical composition (bonds between particles)

• Air ≈ 25%

• Water ≈ 25%

• Organic matter content ≈ 5%

• Soil flora: roots and leaves

• Soil fauna

• macro-organisms e.g. earthworms

• micro-organisms “microbes”

• bacteria

• fungi

• viruses

The physical arrangement of soil particles, air space, water 
content and organic matter = soil structure

• Allows roots to grow 

• Allows movement of air, water and soil organisms

• Affects soil strength / loading capacity (resist compaction)

Clays, 
silts and 
sands
45%

Air
25%

Water
25%

Organic Matter
5%

2. The importance of soil and soil health
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2. The importance of soil and soil health

What is soil structure?

• Soil aggregate size distribution

• Pore size distribution 

• Macropores (easy drainage – a good or bad thing?; poor seed bed; 
lodging) 

• Mesopores (water storage / holding capacity (floods and droughts), 
water availability to crops) 

• Micropores (water unavailable to crops; less air and water 
movement)

• The 3 ‘Rs’: Well structured soils can receive, retain and release water

Visual soil assessment 

/ evaluation 

(VESS/ VSA)

http://www.landcareres

earch.co.nz/publication

s/books/visual-soil-

assessment-field-guide
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Soils properties vary

• Texture 

• Stoniness

• Organic content

• Depth to rock

• Mineralogy

• Permeability

• Natural drainage

• Consolidation

• Acidity

National Soil Map

• Product of 200+ years of field work

• 747 Soil Series (soil types)

• 306 Soil Associations (soil types occurring together)

2. The importance of soil and soil health: 
The soils of England and Wales
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Soil quality and health are related to soil properties:

• Physical (texture, depth, structure, porosity, 

density, water holding capacity, infiltration rate, 

stability: aggregates and mass)

• Biological (flora and fauna e.g. seed bank and 

micro-biota)

• Chemical (nutrients, carbon, pH)

…and interactions between them: soil as a complex 

‘system’

What is soil health?

http://moradi.lawr.ucdavis.edu/Research.php
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Soil quality and health are related to soil properties:
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ORGANIC

MATTER

NUTRIENTS STRUCTURE

WATER/

AIR SPACE
BIOTA

Soil health: the pivotal 5 
(after K Ritz, pers. comm)



22

Soil quality and health are related to soil properties:

• Physical (texture, depth, structure, porosity, 

density, water holding capacity, infiltration rate, 

stability: aggregates and mass)

• Biological (flora and fauna e.g. seed bank and 

micro-biota)

• Chemical (nutrients, carbon, pH)

…and interactions between them: soil as a complex 

‘system’

What is soil health?

http://moradi.lawr.ucdavis.edu/Research.php

ORGANIC

MATTER

NUTRIENTS STRUCTURE

WATER/

AIR SPACE
BIOTA

Soil health: the pivotal 5 
(after K Ritz, pers. comm)



23

1. Enhance productivity (quantity, quality and reliability of 
marketable yield)

• Improve uptake of water and nutrients by roots

• Reduce pests / diseases / weeds

2. Control soil degradation

• Erosion; diffuse pollution; compaction; losses of C, organic 
matter and habitats; salinisation; acidification

3. Concept of “sustainable intensification”

• Producing more (quantity/ quality/ reliability of marketable 
yield) with less environmental impact / damage

1 + 2 = 3 

3. Soil management practices 
for healthy soils

Aim: “To maintain a fertile seedbed and root zone, whilst retaining 

maximum resistance to soil degradation”

Soil erosion, Bedfordshire



Cultivation trial at Strategic Cereal 
Farm West

Emily Pope Senior Knowledge Transfer Manager 

@emilypope_KT



Background

Improving soil health is 
key part of the Strategic 
Cereal Farm west 

programme

Optimising cultivation 
strategies is one way of 
achieving improvements 
in soil health

Need to manage soils 
more sustainably and 
reduce erosion, loss of 
organic matter and 
compaction

Roots cannot 
penetrate through 
strong soils 

Many crops have insufficient roots 
systems to fully access water below 40 
cm

Predicted decreases in summer rainfall 
in the UK pose a risk to anthesis and 
grain fill growth stages in cereal crops 
and a major limitation to crop yields 

ahdb.org.uk/greatsoils



Trial design – harvest 2019

• Drilled: October 2018

• Crop: winter wheat 

• Six sampling zones to correspond 

with each treatment area

Area (ha): 16.88

Soil type: medium to heavy clay



Results – harvest 2019
Soil health scorecard

Table 11. Soil health scorecard for Field 15  

Treatment (cultivation depth) 5cm 15cm 30cm 

Texture Clay Clay Clay 

% clay 38 39 39 

SOM (%LOI) 4.1 4.1 4.1 

pH 7.2 7.0 7.7 

Ext. P (mg/l) 20 26 16 

Ext. K (mg/l) 192 199 216 

Ext. Mg (mg/l) 712 821 902 

VESS score (limiting layer) 4 3 3 

Bulk density (g/cm3) 1.38 1.33 1.37 

Earthworms (total number) 2 3 4 

PMN (mg/kg) 50 45 65 

Respiration (mg CO2-C/kg) 121 121 110 

  

 

 

No action needed  Monitor 

 

Investigate 

ahdb.org.uk/soil-health-scorecard



For more information visit ahdb.org.uk/greatsoils



Results – harvest 2019
Penetration resistance

• 5 cm cultivation had significantly 

(P<0.05) greater penetration 

resistance in the top 10cm of soil

• Increased topsoil resistance had no 

significant impact on aboveground 

biomass assessed at GS31, 39 and 

61 



Results – harvest 2019
Root angle 

• Crop root angle was steeper in the shallow 

cultivation depth

• The angle from the horizontal of the 

outermost roots on both sides of the crown 

at approximately 5 cm from the shoot base

Increased consolidation in the 

topsoil promoted downward 

growth of roots  



Results – harvest 2019
Rooting and subsoil compaction

• Increased soil strength 25 - 40 cm soil depth was associated with less rooting 

(RLD cm/cm3) at 60 cm soil depth

• This negative association was statistically significant (P<0.05) (r =-0.67 to -0.75)



Results – harvest 2019
Root and shoot associations 

• Improved rooting in the subsoil was positively associated (P<0.05) with 

aboveground crop biomass at anthesis and increased tissue N concentration at 

GS31 (r=0.64)



Results – harvest 2019
Cost of production 



Trial design – harvest 2020

• Drilled in oilseed rape 24 August 2019

• Assessments:

• Plant establishment

• Adult feeding damage (% leaf area 

lost) 

• Larvae pressure (no. larvae per plant)
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3. Soil management trials on 
Strategic Cereal Farm West: implications

+ 14 minutes rainfall

Putting the trials into context with other soil health research

Farmer’s PreferenceMinimum tillageConventional practice

Duplicate plots of 70m x 9m (c. 0.06 ha)
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• Soil type of trials – medium to heavy clay (38% - 39% clay 

content)

• Effect of soil type on ‘conservation tillage’ performance

• SOWAP field trials: Loddington (clay) versus Tiverton 

(sandy clay loam)

• ‘one size does not fit all’…need for farm / field 

guidance

Soil management trials on 
Strategic Cereal Farm West: implications

Heavy soil Light soil

C              DD             FP
C                    DD                    FP
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• Cultivation depths: 5 cm, 15 cm and 30 cm

• Cultivation depths can be as little as 2.5 cm (see 
later slide)

• Area of disturbance: cultivation widths important too

• e.g. cereals v OSR (row width – see later)

Soil management trials on 
Strategic Cereal Farm West: implications
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• Indicators of soil health / soil quality

• Which to choose?

• When to measure?

• Summer v. winter

• pre- v. post-cultivation/ drilling

• when in the rotation (e.g. after 

‘hungry’ crops – maize, potatoes; or 

rejuvenating crops - grass leys; 

legumes; cover crops) – a fair test?

• Changes in scores from baseline are 

important, not just absolute numbers

• When is a ‘change’ meaningful or 

significant*?

• When change leads to higher 

yields, less pest damage, less 

flooding etc.

• Will score cards be part of ELMS???

Soil health score card

Table 11. Soil health scorecard for Field 15  

Treatment (cultivation depth) 5cm 15cm 30cm 

Texture Clay Clay Clay 

% clay 38 39 39 

SOM (%LOI) 4.1 4.1 4.1 

pH 7.2 7.0 7.7 

Ext. P (mg/l) 20 26 16 

Ext. K (mg/l) 192 199 216 

Ext. Mg (mg/l) 712 821 902 

VESS score (limiting layer) 4 3 3 

Bulk density (g/cm3) 1.38 1.33 1.37 

Earthworms (total number) 2 3 4 

PMN (mg/kg) 50 45 65 

Respiration (mg CO2-C/kg) 121 121 110 

  

 

 

No action needed  Monitor 

 

Investigate 
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Soil structure (physical soil health)

• VESS score

• What does a change mean (e.g. 3 to 4)?

• Can’t test change statistically (scores, not actual 

numbers) 

• Bulk density 

• Picked up in penetration resistance too

• May increase under CT in short term?

• Implications for runoff, erosion?

• Limiting bulk densities for roots

• Root growth becomes restricted at >1.5 MPa 

(Whalley et al. 2008).

• But more vertical growth to extract water, 

nutrients?

• May be reversed in time…

• Organic matter from residues

• Soil (micro)biology

• Earthworms as ‘engineers of the earth’

• Creation of peds and pores (porosity and 

aggregate stability)

• Root penetration and growth

Soil health score card

Table 11. Soil health scorecard for Field 15  

Treatment (cultivation depth) 5cm 15cm 30cm 

Texture Clay Clay Clay 

% clay 38 39 39 

SOM (%LOI) 4.1 4.1 4.1 

pH 7.2 7.0 7.7 

Ext. P (mg/l) 20 26 16 

Ext. K (mg/l) 192 199 216 

Ext. Mg (mg/l) 712 821 902 

VESS score (limiting layer) 4 3 3 

Bulk density (g/cm3) 1.38 1.33 1.37 

Earthworms (total number) 2 3 4 

PMN (mg/kg) 50 45 65 

Respiration (mg CO2-C/kg) 121 121 110 

  

 

 

No action needed  Monitor 

 

Investigate 
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Soil biology (biological soil health)

• Earthworms – ??? expect more in 

shallower cultivations (less 

disturbance)

• Other studies (later slide) – least 

disruption → highest density

• Type of earthworm important too

• Vertical v horizontal

• Respiration (microbial)

• Community biomass (carbon) and 

type important too 

• e.g. fungi good at aggregation 

(hyphae) compared to bacteria

Soil health score card

Table 11. Soil health scorecard for Field 15  

Treatment (cultivation depth) 5cm 15cm 30cm 

Texture Clay Clay Clay 

% clay 38 39 39 

SOM (%LOI) 4.1 4.1 4.1 

pH 7.2 7.0 7.7 

Ext. P (mg/l) 20 26 16 

Ext. K (mg/l) 192 199 216 

Ext. Mg (mg/l) 712 821 902 

VESS score (limiting layer) 4 3 3 

Bulk density (g/cm3) 1.38 1.33 1.37 

Earthworms (total number) 2 3 4 

PMN (mg/kg) 50 45 65 

Respiration (mg CO2-C/kg) 121 121 110 

  

 

 

No action needed  Monitor 

 

Investigate 
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Results: How tillage affects soil health
Different letters show statistically significant differences

Soil management practices for healthy soils:

Reduced tillage systems (Giannitsopoulos et al., 2020. Soil Use and 

Management, 36(1), pp.139-152)

Cultivation 

depth 

Penetration 

resistance 

MPa

Organic 

carbon 

(%)

Microbial 

biomass 

carbon (μg 

C g soil-1)

Earth

worms / 

m2

Control 

(Sumo Trio 

2 passes)

20 cm 0.50 c 2.710 b 339.1 b 75.0 c

Sumo DTS
18 cm 0.61 abc 2.714 b 379.8 ab 103.1 bc

Claydon

Hybrid
15 cm 0.60 bc 2.789 ab 321.8 b 118.8 b

Mzuri Pro 

Til
15 cm 0.70 ab 2.829 ab 380.2 ab 137.5 b

Vaderstad

2.5 – 10 

cm
0.76  a 2.985 a 443.8 a 187.5 a
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Disturbed v undisturbed areas at field and row width scale

• Does tillage reduce soil biology (fungi, bacteria, 
earthworms)?

• Does the rate of soil biology recovery increase nearer the 
untilled plot?

• Can soil microbes recolonise from untilled plots to tilled 
plots?

Soil management practices for healthy soils:

Can strip tillage improve soil health? (Dr. Iain Dummett)

Field trials, Lincolnshire
20cm

4
0
c
m

Plot trials, Cranfield

Specialist strip tillage 

implement

Subsoiler

Tilled            No till        Strip till     
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FEDCBA

3. Soil management practices for healthy soils:
Can strip tillage improve soil health? (Dr. Iain Dummett)

FEDCBA
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• Soils are under pressure to increase food, fodder, 
fibre and (bio)fuel production without damaging 
the environment

• Soil management can improve soil health and 
crop productivity 

• Cost effectiveness of practices will be site specific 
and must fit into current farming practices 

• socio-economic context

• infrastructure / machinery available

• farmer perception/ psychology / planning horizon

• Ultimate goal is economically, socially and 
environmentally acceptable food production

= “sustainable intensification”

4. Take home messages

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=r9ZeDkQThK0wZM&tbnid=vtP-eQHmLtZumM:&ved=0CAUQjRw&url=http://www.dcsit-group.co.uk/sustainable-development-approach&ei=uwF0UoeGG8Kj0QWrqoD4DA&bvm=bv.55819444,d.ZG4&psig=AFQjCNGKVUBm-wbV-pvhiVzHZ8CN6tTwlg&ust=1383420648920655


Harvest 2020 update and next steps 
for the trial at Strategic Cereal Farm 
West

Emily Pope Senior Knowledge Transfer Manager 

@emilypope_KT



Trial design – harvest 2020

• Drilled in oilseed rape 24 August 2019

• Assessments:

• Plant establishment

• Adult feeding damage (% leaf area 

lost) 

• Larvae pressure (no. larvae per plant)



Results – harvest 2020
Crop establishment and size

• Poorer plant establishment and fewer 

plants in 15 cm and 30 cm compared 

to shallow (5 cm) and direct drill 

• By November, there was a large 

difference in crop size

• Likely to be due to dry weather 

conditions at drilling



Results – harvest 2020
Adult damage

For more information on AHDB CSFB research visit ahdb.org.uk/csfb



Results – harvest 2020
Larvae

• Significantly fewer number of larvae in 

the deep cultivation treatments 

compared to direct drill and 5 cm

• It is possible that adults preferentially 

lay eggs at the base of the larger 

plants, resulting in higher larvae 

pressure in the direct drill and shallow 

cultivation treatments

• Alternatively, smaller plants cannot 

support as many larvae

• Relationship between number of 

larvae and yield is poorly understood 



Questions and discussion



Strategic Farm Week 2020

Watch Strategic Farm research videos

Take part in the webinars

Listen to the podcast special

Download the ‘how to’ resources

ahdb.org.uk/sfweek2020



Still to come in Strategic Week 2020….. 

Previous Strategic Farm webinars

• How to monitor crop development and disease

• How to monitor for key insect pests and beneficials

• How to decide when to lower inputs 

Videos and resources

• Trials and demonstrations for harvest 2020 at Strategic Cereal Farm East

• Trials and demonstrations for harvest 2020 at Strategic Cereal Farm West

• Introduction to Strategic Cereal Farm Scotland

• Strategic Farm Week podcast with Paul Temple, Rob Fox, David Aglen & Brian 

Barker

Thursday 4 June 

09:00 – 10:30 Crop establishment considerations

12:00 – 13:30 Soil structure assessments masterclass

19:00 – 20:30 Mole drainage and soil loosening masterclass 

Friday 5 June

• Strategic Farm Week closing video with Martin Grantley-Smith

• Strategic Farm resources 

All available at ahdb.org.uk/SFweek2020



Also coming up…

• Regional Monitor Farm webinars

• Recommended List webinars

• AHDB Cereals monthly webinar

Information and register at ahdb.org.uk/events



Thank you

If you have any questions or would like to follow up, please get in touch: 

Email richard.meredith@ahdb.org.uk

ahdb.org.uk/sfweek2020


