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How Farmers Can Save the Planet

Matthew Shepherd

Soil Biodiversity Specialist, Natural England
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Bipedal gait

Useful upper limbs

Aggressive attitude

30 
cm 
tall

TAKE ME TO TAKE ME TO TAKE ME TO TAKE ME TO 

YOUR LEADER!YOUR LEADER!YOUR LEADER!YOUR LEADER!
what the what the what the what the 

cluck?cluck?cluck?cluck?
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Photo: Matthew Shepherd

Plants

• Fuel supply - organic 

matter (C) 

• Litter

• Roots

• Root exudates

Photo: Matthew Shepherd
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Bacteria

Photos: Matthew Shepherd

• Chemical factories

• Fixing and 

tranforming N

• Decomposing and 

release nutrients

Photo: Matthew Shepherd Photo: Matthew Shepherd

Photo: MS Turmel, University of Manitoba, 
Plant Science Department

Fungi and 

mycorrhizas

• Vast networks of 

tubes

• Also great 

decomposers

• Link up with plants

Photo: Matthew Shepherd

Photo: Matthew Shepherd

Nematodes and other 

soil water  swimmers

Photo: G. Esteban.Photo: Matthew Shepherd

Photo: Matthew Shepherd
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Photo: Michel Vuijlsteke Photo: Matthew Shepherd
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Photo: Matthew Shepherd

Photo: Matthew Shepherd

Photo: Matthew Shepherd

Photo: Matthew Shepherd

Mesofauna - decomposers

Photo: Matthew Shepherd

Photo: Matthew Shepherd

Photo: Matthew Shepherd

Photo: Matthew Shepherd

Photo: Matthew Shepherd

Mesofauna - Predators

The Soil Food Web

Image: USDA
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Earthworms

Photo: James Lindsey, CC BY-SA 3.0

Biomass and numbers

In a handful of 

soil...

Image: Karl Ritz, Cranfield University

Photo: Matthew ShepherdPhoto: Matthew Shepherd
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Soil structure

Moving

Eating

Painting

Sewing
Gluing

Photo: Matthew Shepherd

Photo: Joseph Morton, West Virginia University

Photo: Matthew Shepherd

Image: Karl Ritz, Cranfield University

• Most soils wouldn’t have structure without soil life

• How?  Like a morning in a playgroup!

Eating

Drainage and pore connectivity

C            N

C
N

C            N

C
N

C            N
C

N

Nutrient Release
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Nutrient (and water) capture

Decomposition…

CO2

CO2

CO2

… and C storage PLUS nutrient and 

water retention
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Pest Control?

• A large, diverse community 

of non-problem organisms

• Supports many predators

• Predators can also eat pest 

species and prevent 

outbreaks.

Soil life works for us

• Soil organisms are 

“the biological 

engine of the earth”

• Engines need fuel!

• Organic matter is the 

fuel…

Illustrations: Matthew Shepherd

SOIL ORGANIC SOIL ORGANIC SOIL ORGANIC SOIL ORGANIC 

MATTER? SOIL MATTER? SOIL MATTER? SOIL MATTER? SOIL 

BUGS?BUGS?BUGS?BUGS?

WHAT ABOUT WHAT ABOUT WHAT ABOUT WHAT ABOUT 

MY INVASION?MY INVASION?MY INVASION?MY INVASION?

“…before we judge of them too harshly we must remember what 

ruthless and utter destruction our own species has wrought, not 

only upon animals, such as the vanished bison and the dodo, but 

upon its inferior races.”

H.G. Wells
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• Cultivation – removes 

OM source (weeds!), 

kills larger worms, and 

releases stored soil C

• Monocropping – same 

C sources reduce 

diversity in soil

• Agrochemicals

• Traffic - compaction

• Not feeding the soil –

soil stops working!

What do we do to soil life?

What do we do to soil life?

Russell and Sandall (2005) – Corn Breeding: Lessons From the Past – Overview and Objectives. Plant & Soil Sciences eLibrary. Online here.

Policy Background – Ecosystem Services
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Soil on strike?

Policy Background – Ecosystem Services

"Dust Bowl - Dallas, South Dakota 1936" by Sloan (?) - United States Department of Agriculture; Image Number: 00di0971. Licensed under Public Domain via Commons -
https://commons.wikimedia.org/wiki/File:Dust_Bowl_-_Dallas,_South_Dakota_1936.jpg#/media/File:Dust_Bowl_-_Dallas,_South_Dakota_1936.jpg
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Soil life is tough!

Looking after soil life

• More fuel: organic matter -

put more in, or lose less

– Manures – tricky if you 

don’t have livestock

– Composts - Stabilised C 

and N, can increase crop 

yield by 250%*

– Grow more plants 

destined for the soil: 

cover crops etc.

• Disturb the soil less – lose 

less C

• More diverse crops
*Diacono & Montemurro, Agronomy for Sustainable Development
April 2010, Volume 30, Issue 2, pp 401-422 
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Soil organic matter = More soil life

Source: Natural England, ECBN data, 2011-2013

y = 395.32ln(x) - 491.93

R² = 0.8434
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Soil organic matter = better soil structure

y = -0.433ln(x) + 1.5756

R² = 0.5348
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Grassland soil organic carbon and bulk density in England and 

Wales

Source: ADAS,  Defra project BD5001

Soil organic matter = better drought resistance

Source: Countryside Survey, 2007

y = 21.517ln(x) - 12.746

R² = 0.8866
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Soil organic matter = better nutrient retention

Source: Natural England, LTMN data 2011-2013

y = 30.422ln(x) - 37.506

R² = 0.6967
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Soil organic matter and cation exchange capacity

Big improvements in soil function 
due to small changes at low SOM

• SOM has proven benefits in 

droughty soils

• More marked benefits at 

lower N

• Current research:

• ADAS – “DC-Agri”

• HGCA/Rothamsted Research 

– Andy Whitmore

Does it work?  Soil Organic 

Matter Benefits to Agriculture

Y
ie

ld
 t

 h
a-

1

N kg ha-1

3.6 t C ha-1

2.7 t C ha-1

Does it work? Farmer perception…

Source of case study Net annual financial benefit (£/ha) after 5-8 years

Defra project number Arable Livestock Mixed All

SP0310 £61 (10)1 £58 (8) £60* (18)

SP08014 £83 (6) £98 (6) £103 (11) £96* (23)

Average £69 (16) £98 (6) £84 (19) £80 (41)

Table 1: Net annual financial benefits £/ha from SOM management by farming system
1 Numbers in parenthesis show number of case studies in each category. 
* Statistically significant ,  ANOVA F = 5.381, P = 0.026

Defra project: SP08014
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Photo: Natural England Steve Marston

Does it work?  

See for yourself!

Is it working? A deeper look…

• Compare fields on similar 

soils or near fencelines

• Measure SOM and look at 

typical ranges for soil type

• Biological tests need more 

benchmarking

• Soil communities – mites 

and springtails

• DNA – whole 

communities from a 

single analysis

Cranfield University: 
Defra SP0310

Is it working? A deeper 

look…

• Soil function –

decomposition of 

different substrates 

or bait sticks

• Bulk density

• Infiltration

• Earthworms
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• Soil organisms are a huge diverse community working for us

• They provide a vast array of valuable services to farmers

• They can’t do this without fuel – organic matter

• If the soil stops working, the consequences can be disastrous

• Farmers can help by feeding the soil, so it can get back to 

work

• Doing this can help make farming more profitable

• You can test your soil health by digging a pit and looking for 

good soil structure

Conclusions

BUT WHAT BUT WHAT BUT WHAT BUT WHAT 

ABOUT MY ABOUT MY ABOUT MY ABOUT MY 

INVASION?INVASION?INVASION?INVASION?

Finally - Pest Control!

“…directly these invaders arrived, directly they drank and fed, our 

microscopic allies began to work their overthrow.”

H.G. Wells
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Thank you!


