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Soll Health/Soll quality —
what Is It and how do we
measure It?
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What is a healthy soil?
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What Is soll?
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Increasing productivity




Solls deliver many ecosystem services

Habitat, gene pool

Physical & cultural
N\vironment for mankind
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Ecosystem services
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Ecosystem Services Provided by Soil Biota

Regulation of biogeochemucal cycles
Retention and delivery of nutrients to primary producers
Marmtenance of soil structure and fertility

Bioremediation of pollutants
Provision of clean drinking water

Mitigation of floods and droughts
Eroston control
Repulation of atmospheric frace gases
Pest and pathogen control
Repulation of plant production via non-nutrient biochemicals
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Soils and biodiversity are submitted to major threa ts
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So why Is thus important

Soil
Mmicroorganisms
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Properties: Senvices:
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Why measure soll quality? @

e Think of it in terms of:

 An MOT for your soil Or A check up at the
doctors
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Riaghaltas na h-Alba
gov.scot

5 ~~_
SAC P

NNNNNNNN




Scottish solls — information available

Soils of Scotland

(This map shows the most extensive
soil in each 1km grid square)

- Brown earths

Humws-iron podzols

- Peaty podzols L}

Mineral gleys
I ety gleys
- Montane soils

Immature soils

Alluvial sois 4
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- Built-up areas
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File Edit View Favortes Tools Help

| the + 1 the middie of The map Click on the bufion befow The
map to find the soil unit at the location. Alternatively if you

“l already know the soil map unit you can select it from the menu

fo the left of this text.
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When SIFSS has identified the soil map unit it will display a
menu with the soil fypes that make up the map unit. The soil
types are named after the area where they were first found,
thus Forfar soils were first mapped around Forfar.

In the results section, you will see a brief description of the
different soils found in that area to allow you to select the one
that most closely matches your own sample. You are then able
to select a range of sail properties for that specific soil type
and choose whether to display results for cultivated or semi-
natural soils.

If your soil sample has a value for a specific soil property that
lies within the box surrounding the red dot (which is the
median value), then your soil has a value in the same range as
66% percent of all those particular soil types. ITit is outwith the
box but lies along the line then it is close to the maximum
{above the box) or minimum (below the box) values recorded
in our database. ﬁ
Ad Ad3
For properties such as pH, carbon content, loss on ignition and
calcium content which all affect plant growth, it is important to +
try to maintain these at optimum levels. If your sample is below
the box on the graph, particularly for topsoils (Ap horizons)
then you may need to think about adding lime or organic Go -gIe

i Map data ©2017 Google T ofUse  Repart
matter to you soil. ap data oogle~Temms of Use Report #map errar

You can restart the process by selecting from any menu or by ‘ Get soil unit of map centre ‘
reloading the page.

® 2017 The James Hutton Institute. Al righis reserved. Staff services
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About Us | News | Research | Consultancy | Education | Jobs | People | Contact |

Soll Information For Scottish Soils (SIFSS)

Home > Research > Soil as Natural Capital > SIFSS

Introduction
Select SoilMap Unitforwholeof [l Resuts | Select Soil Attribute
Scotiand fverage value of the loss on ignition
for Balrownie series Configure output
42 A 1 -
43 I ® Cultivated soils
H v iy (O semi-natural soils
45 3 Average value of total phosphate
12 F Average value of the loss on ignition A
Select Saoil Map Unit g Average value of the magnesium content
10 - Average value of the sodium cantent
Select Soil Series for Soil Map . Percentage base saturation
. S : ® OB Average value of elemental nitrogen
Unit 41 (association: Balrownie) fin Average value of the % silt (2- 50/60 micrans) v

Balrownie 6+ Sum of median values of exchangeable cations
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0 1 | ! | ! 1 ! | ! I
e 0 20 " " ” Your soil atiribute value (or leave bianky| |
“ Depth below surface (cm) (no units please)

For this soil the following
number of observations have Area (in km?) of soil series Balrownie in Whole of Scotland

been made for the selected Click chart for values

Surface Typical Soil
Horizons and
An Depths

1%16
m [

AS Nov 2017.ppt... 0571001 | |




B Valuing Your Soils

Examples of information

29 YOUr SOIJS {
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B Valuing Your Soils
L

Download and discover the financial savings and business
benefits of good soil management

tland.org

The brochure, pull-out sheets and videos contain a mix of practical
and research experience, problem and action-specific farm case
studies, useful check lists (e.g. how to take soil samples and check
for compaction), images and web-links.

Practical pull-out guidance sheets:

v

LGRS

Taking soil samples for testing

Visual evaluation of soil structure (VESS)

How to check for and alleviate soil compaction
Checking soil drainage status

Grassland rejuvenation

The Eurcpean Agricultural Fund

for Rural Development

Europe investing in rural areas

Brochure contents:

Soils and income
Know your soil type
Soil - a living resource
Soil structure

Soil compaction and drainage
Soil erosion

Soil pH and nutrients
Organic matter
Reduced tillage
Managing farm soils
Tools to help you

Below s a taster summarising some key facts
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Cost savings

Standard soil testing for pH and nutrient status is simple and
low cost (~ £20 per sample).

For soils that vary within fields, GPS sampling (~ £25/ha
for soil pH at 4 samples/ha) and variable lime and fertiliser
applications could reduce bilks by ~ 15%

Controlled traffic farming could reduce fuel and time costs
by ~ 40%

Compacted or poorly drained soils can reduce yields by
~ 25%. Using a spade to identify soil structural problems
(FREE!) and undertaking necessary soil loosening (~ £30/ha)
will avoid unnecessary drainage maintenance (~£35/r) and
new drainage system/repair (~ £4000/ha) costs

For suitable soils, reduced tillage or no tillage could save ~
£70/Mafyear and protect soils from compaction and erosion.

Keepa

minimum

of 10m

back from a

watercourse

when

spreading

slumy.
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Soil structure, compaction and drainage

Appearance after
lbreak-up: various
soils

Structure
quality

sq1
Friabls

Aggregates
readiy crumbie
with fingers
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Download the brochure for guidance on |
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Simple VESS assessments of
soil structure take minutes to
conduct.

Assessments can identify
compaction and impeded
drainage which can reduce
crop productivity and increase
run-off and loss of nutrients
from the soil

Dow
frain
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Healthy Grassland Soils — B R
m  Four quu:k steps to assess soil structure
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- Step one: Surface assessment

Look at sward quality to identify potentially damaged areas which require further assessment.

1
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Modemh Poor
3 - Swnrd intact « Surface poached . = Surface compacied
« No poaching « Wheelings in places fa  Soil exposed
* e Fow whealings * More weed species s Poaching -
‘ , = Poor sward quull!y
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Step two: Soil extraction

+ Dig out one spadesized block of soil (depth approx. 30em). Cut down on
three sides and then lever the block out leaving one side undisturbed
« Lay soil block on a plastic shest or tray

. — -~
Tip: VWhen starting out 1t 1s useful to dig in an area whare you know there may be a
problem |eg a gateway] and get familiar with signs of soil struciure damage.

Remember: Sample when the topsail 1s maist — If the soil 1s too dry or too wat 1t I1s
difficult to distinguish signs of poor soil structure

- - — -
AWM e Sawr
.
Step three: Soil assessment
Genﬁy opsn the soil block ke a book 1o break it up
If the structure is uniform — assess the block as a whele
= |f there are two or more horizontal layers of differing

structure identify the layer with the poorest structure
+ Carry out the rest of the assessment on this limifing layer

- L“ / -— - -
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Step four: Soil scoring

Break up the soil with your hands into smaller structural units
{known as aggregates)
* Assign a score by matching what you see to the
descriptions and photos overleaf
= A score of 1or2is Good; a score of 3 Moderate; and
4 or 5 is Poor and requires managamant action
« Record depth of Ilmmng layer to assess management opfions.
L _——
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* Feed the soil regularly through SERVICE

plants and OM inputs

* Move soil only when you have to

* Diversify plants in space and time

Chemical
e Maintain optimum pH

* Provide plant nutrients — right
amounts in the right place at the
right time

* Know your textures and minerals
| — buffering capacity, free supply!

Physical
Know your textures and
understand limits to workability,
trafficability

*Optimise water balance
through drainage if necessary

sImprove soil structure —
effective continuous pore space
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General effects of
management on soll health

Tend to Reduce Soil Health Tend to Promote Soil Health

Aggressivetillage  No-till or conservation tillage
Annual/seasonalfallow ' Covercrops; Relay crops
Mono-cropping  Diverse crop rotations
Annual crops  Perennial crops
Excessive inorganic fertilizer use ~ Organic fertilizer use (manures)
Excessive crop residue removal | Crop residue retention
Broad spectrum fumigants/pesticides Integrated pest management

Broad spectrum herbicides ~Weed control by mulching
and/or cultural tactics
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The benefits of improving soil quality...
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Positive effects of earthworms on

yield

a
Individual crops / grasses

b
Groups of crops / grasses
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The European Agricultural Fund .
for Rural Development
Europe investing in rural areas
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Earthworm effect (%)
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Ryegrass (37)
Barley (32)
Maize (19)
Wheat (49)

Rice (45)

Grasses (106)

Grain crops (154)

Legumes (42)

Without legumes (99)

With legumes (28)

nment
h-Alba
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Earthworm types DD e

e Red worms — vertical
burrowers and surface
living

4. Redhead worm
Lumbricus mubsllus

~ Apoq
uo Buu

 Pale (+green) worms —soil | M
feeding i

e Stripy worms — compost
Worms
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Potential for Controlled Traffic Farming (CTF)
In Grassland

Paul Hargreaves
(SRUC Crichton Dairy Centre)



Experimental Work

An 8 ha perennial ryegrass field at SW Scotland split into two
Two traffic management treatments: normal (N) and CTF
3-cut silage system

9 m triple gang mower (9 m working width)






Silage Cut Normal Controlled Difference (t

Traffic Traffic DM ha)
1st Cut (t DM hal) 5.28 5.43 0.15 0.27
2"d Cut (t DM hat) 3.58 3.88 0.30 0.72
3d Cut (t DM ha) 2.34 2.84 0.50 <0.01
el B U 5.92 6.72 0.80 <0.05

Total silage 11.29 12.15 0.96



Developments in measuring soil quality

* More background information — AHDB

e Thresholds and database — BBSRC-SARIC

e Putting it together — RESAS



Why measure soil quality?

e Think of it in terms of:

 An MOT for your soil Or A check up at the
doctors

 Working towards
(1) rolling out soll quality testing
(i) ‘what if’ model for knowledge exchange



Why measure soll quality?

 Working towards
(1) rolling out soll quality testing



First questions

 What is the state of my soll?
 Depends on

— Soill type

—What you do with it

e How do | tell?
e Need Iindicators as can’'t measure

everything



Components of soll quality

Physics p > Biology

N7

Chemistry

Current soll
reports

pH

Routine
nutrients



Components of solil quality

Physics p > Biology

N7

Chemistry

Current soll
reports

pH

Routine
nutrients
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Rolling out soil quality testing
Scorecard threshold values

& & # # # 2% *HH
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AMBER

(Moderate risk, need to investigate further)
GREEN

(Low risk, continue to monitor)




Potential scorecard...
ACME SOIL ANALYSIS COMPANY

Report for Mr A. Farmer

(who has a grassland field that needs some lime,
has had a fair bit of P added and is compacted)

Would be followed with links to or hard copy of background

information on the parameters measured, especiallyif red
or amber.



Backed up by details...

6 # -

' SH =2% % >4

Description of this class (e.g. toxic)

VL —risk to production

L — potential risk to production

M-

M+

H — potential risk to environment

VH —risk to environment

Bar chart classes Traffic light
colour
1.8-4.4
4.5-9.4
9.5-134
13.5-30.0
> 30.0
+ (( ( .




Making more of the
results

Love soil picture



Potential for benchmarking

e As In the current SRUC ‘AGREcalc’ where
you can see your carbon footprint in relation
to others

* You will be able to see how your soils
perform against comparable soils and over
time

 Benchmarking will improve the more data is
entered












Questions

 Would that be useful?

 Would the ability to relate values regionally
and/or over time be useful?



Why measure soll quality?

(i) ‘what if’ model for knowledge exchange



‘what if’ model for knowledge
exchange

* To get across the interactions that go towards
soll quality

* To present some basic scenarios for
management change

e Lead you to other sources of information



Interactions within solil quality

Physics

Chemistry
Too much Just right Too little
Loss of £ Good for £ Loss of £

Pollution
‘Goldilocks’ scenario



Background information — effects of general
management options

DRIVER Reduced Tillage
Earthworms
Microbial biomass
tve Enzyme activity
Biodiversity
Natural enemies
EFFECTS Slugs
-ve  Weeds
Diseases
+ve Soil Organic Matter
Nutrient Loss
Chemistry Ve Herbicide Use
Pesticide Loss
Nutrient Immobilisation
Soil Structure +/-
Trafficiability +
Water infiltration +
Yield -
Margin Short Term
Long Term +

6 # $#

Biology

+l+ + + |+ + + + +
N
F
H

+
ol

Physics




Knowledge introduction — visual tool

e Rationale was to visualise those complex
Interactions

* To give rapid overview of the general
responses to expect



Knowledge introduction — visual tool

SCCCC CC 0 o (
Effect on Soil Quality Variables
Effect

For the Management and Conditions of: _Positive Biology
Cover Crop Slugs
and the soil: _Weeds
Sandy Disease
the climate: Soil Pathogens
Warm Wet SOM
the cropping: N
Arable-combinable P

Key to Qucames K

S :
CEC

Nutrient Loss
Herbicide
Water Infiltration
- Trafficability
Negetive Soil Structure

Yield




Question

 Would that be useful as a way to think about soll
quality?



Thank You















Earthworm types

e Red worms — vertical
ourrowers and surface

Iving

e Pale (+green) worms — soill
feeding

e Stripy worms — compost
Worms









