






































































National survey DIGFOR: effects of long-term grassland 
management on plant diversity, soil microbes, and soil carbon  

Newcastle University

Yorkshire Dales     
Yorkshire Ings            
North-West Limestone 
Lake District 
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Breckland             

12 Regions (60 sites 
with 3 intensity levels = 

180 grasslands)

Traditionally managed 
- semi-improved -

improved 
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180 grassland sites - long-term intensive management reduce 
plant diversity, fungal dominance and soil carbon storage

Species richness Fungal-bacteria ratio Soil carbon 

33% decline



Soil C stock (~ 10%)  

Potential to manage grassland biodiversity 
for soil C sequestration

18 yr factorial experiment: treatments on improved grassland to restore plant 
species diversity – cessation of fertilizer and seed addition (1990), +/-
Trifolium pratense (2004) 

*4.5 million ha improved grassland UK (Countryside Survey 2007)

- +
13C enriched litter

A. Long-term diversity restoration 
experiment: Colt Park

B. Mesocosms: species 
diversity and composition

C. Microcosms: C loss via 
microbial priming



Soil C stock (~ 10%)  

Potential to manage grassland plant functional diversity 
for soil C sequestration – plant trait approach

De Deyn et al. 2008 Ecology Letters 11, 516-531.
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Field Experiment Colt Park: Restoration plant  
diversity associated  enhanced fungal:bacterial

Smith et al. (2008) Journal of Applied Ecology
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Methods

C-stock in Soil C-stock in Vegetation

July sampling at hay cut
Shoot clipping 25 x 25 cm, 2 cmSoil cores

2.8 mm

Bulk soil

moss

DOC
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fine
very fine soil 
fraction

moss

roots
coarse litter

DOC
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fine
very fine soil 
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C in filtrate

200 µm

C in filtrate

50 µm

0.45 µm

Dry sieving

Wet sieving

Monthly gas flux (CO2 uptake 
and emission) 
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Treatments that enhance plant diversity and alter microbial 
community composition (i.e. cessation of fertilizer/seed 

addition) had no effect on total soil C   
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Total soil carbon storage: unexpected benefits of legumes

Soil C stock (~ 10%)
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Mechanism for increase soil C
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Date*seedblock; LS Means
Current effect: F(20, --)=1.3956, p=.11877
(Computed for covariates at their means)

Vertical bars denote 0.95 confidence intervals
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Physical protection of C? 
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De Deyn et al. (2009) Journal of Ecology

Does plant species diversity promote carbon sequestration? 

Potential to manage grassland biodiversity 
for soil C sequestration (BBSRC) 
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Grassland plant species and functional group diversity (legumes) enhance root C and 
AM fungi, and hence C allocation belowground

De Deyn et al. (2009) Journal of Ecology,
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De Deyn et al. (2009) Journal of Ecology



GG FF LL GF GL FL

Soil Carbon Content after 2 years (%) 

Fornara and Tilman (2008) J. Ecol. 96: 314-322

Soil C accumulation related to root biomass  

Soil Carbon Content 
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Influence of species diversity and 
identity of net CO2 exchange

Potential to manage 
plant diversity for 
soil C storage? 



Conclusions:

1. Soils represent a major reservoir global biodiversity 

2. Aboveground-belowground feedbacks are major 
drivers of ecosystem properties, and to understand 
how ecosystems respond to global change requires 
a combined aboveground-belowground approach

3. Potential to manage soil for ecosystem services 
through manipulation of plant-soil interactions 



Science, 2004, 304(5677): 1616-1618



Soil and Civilization

Three categories of man:  

(i) “A fully integrated member 
of a community embracing all 
that grows in or lives on the 
soil; 

(ii) a soil creator, preserving 
and increasing what good soil 
he has; 

(iii) a parasite, leeching the 
goodness from the soil, 
unbalancing the ecosystem, ..”

(Edward Hyams, 1952) 

The Ploughman, by Edward 
Calvert 1827. 
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