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Soil: Our Natural Capital
The role of soil and soil management in 
(de)carbonising agriculture

Outline of the presentation

1. The issue of carbon and climate change
2. The role of soil in the carbon cycle
3. How much soil carbon do we have?
4. How can we increase soil carbon?
5. Take home message

Acknowledgement: K. Ritz



1. The issue of CO2 and 
climate change

Increased CO2 in the atmosphere associated with:
• temperature rises (global warming)
• climate change
• extreme weather events

• sea temperatures and hurricanes?

http://www.coalnews.net/papers/November2013/HTML/files/assets/seo/page16.html
Cumbria flooding, Carlisle, NW England, December 2015
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2. The role of soil in the carbon cycle

https://public.ornl.gov/site/gallery/originals/Carbon_Transformation_.jpg

Soil as a global store of carbon 
= 1,600 Gigatonnes C
= 1,600,000,000,000 tonnes C

(N.B. Vegetation = 610 Gt C)

CO2 loss
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Soil carbon plays many other roles too….

Soil health and delivery of essential ecosystem goods and services

2. The role of soil in the carbon cycle

SOIL
CARBON /
ORGANIC 
MATTER

BIOTA

NUTRIENTS STRUCTURE

WATER/ 
AIR SPACESBIOTA

Soil health: the “pivotal 5” and their interrelationships
(after K Ritz, pers. comm)



3. How much soil carbon do we have?



3. How much soil carbon do we have?
Soilscapes of England 
and Wales

Carbon g kg-1 (c. 1980)

The National Soil 
Inventory, Soil Survey of 
England and Wales, 1979 
– 1983

5 km grid, 0 – 15 cm depth

Organic carbon, pH, metal 
concentrations, nutrients

747 Soil Series

306 Soil Associations



3. How much soil carbon do we have?

Annual change in soil carbon g kg yr• Some sites resurveyed 1994 – 2003

• Mean annual rate of loss = 0.6 g of 
organic carbon per kg of soil

• For soils with >100 g carbon per kg, 
annual rate of loss = > 2 g per kg

Estimated annual soil C loss: 
England & Wales alone

≈ 4.4 million tonnes
(costs c. £558 million/ yr
(Graves et al., 2015))

For UK ≈ 4.4 x UK / E&W C stock 
≈ 13 million tonnes

???How can this be replaced?
Carbon losses from all soils across England and Wales 1978-
2003 (2005) Pat H. Bellamy, Peter J. Loveland, R. Ian Bradley, 
R. Murray Lark & Guy J.D. Kirk, Nature 437 pp 245 – 248. 
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4. How can we increase soil carbon?

A. Reduce CO2 losses from soils
Avoid exposing soil carbon (C) to the atmosphere (oxygen; O2) = CO2

• less inversion tillage; more non-inversion, reduced tillage system

CO2 loss

Acknowledgement: Iain Dummett
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4. How can we increase soil carbon?

A. Reduce CO2 losses from soils
Avoid exposing soil carbon (C) to the atmosphere (oxygen; O2) = CO2

• less inversion tillage; more non-inversion, reduced tillage system
• less soil erosion
• avoid draining wetlands

CO2 loss



4. How can we increase soil carbon?

B. Increase soil carbon storage (sequestration)



4. How can we increase soil carbon?

B. Increase soil carbon storage (sequestration)
• Change land use (e.g. arable to forestry or agroforestry)

• e.g. Scottish Government: 16,000 ha per year of new forest planting (March 
2016)



4. How can we increase soil carbon?

B. Increase soil carbon storage (sequestration)
• Change land use (e.g. arable to forestry or agroforestry)
• Reduced tillage systems (retain residues [and reduce CO2 emissions]) 



Penetration 
resistance 

MPa

Organic 
carbon 

(%)

Microbial 
biomass 
carbon 
(μg C g 
soil-1)

Earthworms / 
m2

1 0.50 c 2.710 b 339.1 b 75.0 c

2 0.60 bc 2.789 ab 321.8 b 118.8 b

3 0.70 ab 2.829 ab 380.2 ab 137.5 b

4 0.61 abc 2.714 b 379.8 ab 103.1 bc

5 0.76  a 2.985 a 443.8 a 187.5 a

Results: How tillage affects soil quality e.g. soil carbon 
Different letters show statistically significant differences

Reduced tillage systems and carbon storage 
(Dr Mikhail Giannitsopoulos)



4. How can we increase soil carbon?

B. Increase soil carbon storage (sequestration)
• Change land use (e.g. arable to forestry or agroforestry)
• Reduced tillage systems (retain residues [and reduce CO2 emissions]) 
• Control erosion (C losses in sediment and runoff)



B. Increase soil carbon storage: Reduce soil erosion
Soil and Water Protection in Northern Europe (SOWAP)

Farmer’s PreferenceSOWAP (Minimum tillage)Conventional practice
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B. Increase soil carbon storage: Reduce soil erosion
Soil and Water Protection in Northern Europe (SOWAP)

Farmer’s PreferenceSOWAP (Minimum tillage)Conventional practice

Duplicate erosion plots of 70m x 9m (c. 0.06 ha)
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4. How can we increase soil carbon?

B. Increase soil carbon storage (sequestration)
• Change land use (e.g. arable to forestry or agroforestry)
• Reduced tillage systems (retain residues [and reduce CO2 emissions]) 
• Control erosion (C losses in sediment and runoff)
• Add soil organic amendments



24

B. Increase soil carbon storage
Application of organic waste to restore soil health and productivity 
of a degraded soil (Benedict Unagwu, PhD student)

Increase  crop
yield?

Poultry 
manure

Mushroom 
compost

PAS 
compost 
(green 
waste)

Anaerobic 
digestate

Improve  Soil Quality Indicators 
(SQIs, including soil carbon)?
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B. Increase soil carbon storage
Application of organic waste to restore soil health and productivity 
of a degraded soil (Benedict Unagwu, PhD student)
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yield?

Poultry 
manure

Mushroom 
compost

PAS 
compost 
(green 
waste)

Anaerobic 
digestate

Improve  Soil Quality Indicators 
(SQIs, including soil carbon)?

0

5000

10000

15000

20000

25000

To
ta

l S
oi

l C
ar

bo
n 

(m
g 

kg
)

ORGANIC AMENDMENT TREATMENTS



5. Take home messages



5. Take home messages

http://4p1000.org/understandhttp://4p1000.org/understand

Geoderma Journal, 292 (2017), 59-86
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