Cmnﬁeld

UMIVERSITY

The role of sall
microbiology In

restoration

Professor Jim Harris

Department of Natural

- . SER Europe
esources Summer School

\  September

!

11\ S m.man@OJ



IIIIIIII

The Millennium
Ecosystem Assessment

www.cranfield.ac.uk



The Millennium Ecosystem Cranfield
Assessment

* 60% of world ecosystem services have
been degraded

o Of 24 evaluated ecosystem types, 15 are
being damaged

e About a quarter of the Earth's land surface
IS now cultivated.
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Soil degradation

- \ery degraded soil

Degraded soil
| Stable soll
Q@ n 3, Without vegetation
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Nine attributes of a restored Cranfield
ecosystem
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Reference ecosystem, characteristic assemblages
Indigenous species, some exceptions

Functional groups present or available

Physical environment appropriate

Ecosystem functions normally for successional stage
Landscape integration, biotic and abiotic interactions
Potential threats eliminated

Resilience and integrity

Self-sustaining

www.cranfield.ac.uk
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Criteria for ecological indicators

» Easily measured

e Sensitive

 Respond predictably to stress

e Anticipatory

 Allow for adaptive management intervention
 Integrative

e Have known responses to stress, disturbances
and time

e Low variability in response

Derived from Dale and Beyeler 2001

L.cran



A QUICK PRIMER ON LIFE IN Cranfield,
EARTH
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e Primary productivity
» food and fibre production
* diverse habitats
Environmental services

o filtering
 buffering
 transforming

Biological habitat and biodiversity
reserve

Platform functions

Landscape and heritage
Source of raw materials

Cmnﬁeld
SERVICES PROVIDED BY SOILS '
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THE SOI

5cm




Cranfield, .
SOIL BIOMASS

 Handful of arable
soll

e ....approximately
0.5 g of fresh
biomass (mainly
‘microbial’)

www.cranfield.ac.uk
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DISTRIBUTION WITHIN SOIL Cranfield,

PROFILE
POPLAR PLANTATION (2-YEARS OLD)
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(Horwath , 1993, adapted from Paul and Clark, 1996
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SOIL BIODIVERSITY

BACTERIA TENS OF
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10-100 um

0.1 -2 mm

2-20 mm
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MAP OF Armillaria bulbosa in Michigan forest
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Blue
Whale
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ARBUSCULAR MYCORRHIZAE
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NEMATODE-TRAPPING FUNGI
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EXAMPLE OF SOIL FOOD WEB IN ARABLE Cranfield
SOIL
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What can we
measure”?

*Size
Composition
*Activity

! Juweranfiedac.us
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Community Size and
Gross Activity



Microbial Biomass-C (ug/g)

Change in Biomass-C with tim&”@/t/d....
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(redrawn from Insam and Domsch, 1989)
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Microbial Community Size and Cranfield
Activity

Scatterplot (Spreadsheet2 in Tom Hill data 3v*12c¢)
500 r r T T . -

Du Y30 yr
450 r n@é%o yr

400 |

350 f

300 |
e %O yr
250

DHA

200
150 |

100 |
Dune 30 yr
Dune 17 yr —» ©
50 | O 7 e

Dune’)5 M

50 ; H H : H H
56 104 177 239 277
Biomass-C

Adapted from Hill, 1995

www.cranfield.ac.uk



Sandfm‘c! ~/Sunningwell s
/%Dthl" ‘\

mummap;'}ﬂﬂllllﬂl wn ;

l1ur¢ﬂ LA L] L
< %

E nMarsh aldo

Cou nay Vs ’f"’f
8 4 Brookhan

Lo

S Berinsf

Mlso,.“. .. , 12
\ .1.? -."’

e "u,....l..l. o

€ Callins Bart holo ey 2005

4 X m_. =, :‘1‘?"5-::
*% gnd f; : ‘-.,ﬂ%_ﬂ _ :
i, y
S Su‘ttgf‘l e / =% Vs :
|"0C.‘l -'_' a 5 \
VerT '.‘;!—'i"‘ i --
lab\ ""’if‘a;;i = | W
e :“; 6:’ i A\ ] . g ¥
}4 Fer .. N - Sy
A jf.” S ) I =W -
RS uttpn == S
":;.i - j . r’t'e,gﬁ ' ! pleford
] - ;
i I .Grauel y
I E L Pit g
"dl!:.-niﬂ.‘n_ S / - ﬁ
Cr A
Le } / S
s risesl] I L1 ravel Pir a’r -? 0‘{" /
1000 metres

Location of Sutton Courtenay landfill site.






Microbial Biomass, JJg.g dry soil
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1200 1

:

R4 R13G R20G R35 CON
Field

Microbial Biomass results
from each sample area. The
bars show standard error
(n=3).
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CHARACTERISING BIODIVERSITY

5
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GENOTYPIC
e fundamental information — the blueprint

PHENOTYPIC
» expressed information — the parts

FUNCTIONAL
e processes — the working engine

www.cranfield.ac.uk
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CHARACTERISING BIODIVERSITY

GENOTYPIC
e fundamental information — the blueprint
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Environmental Sample

|

L Extraction .
Activities: Enumeration:

Microscopy l Probes

*Reporter genes /
*STARFISH \ Purification

/ Polymerase chain reaction \

Activities: Enumeration:
Real time PCR-mRNA Real time PCR,

Probes, G+C contents

Diversity measures

Seqguencing

DGGE, TGGE, ARDRA-RFLP,

G+C contents,
Disassociation-reassociation curves

wuiw.cranfield.ac.uk



BROAD-SCALE GENETIC ANALYSIS

o %G+C profiling of soil community DNA in UK upland grasslands

| ¢ Unimproved

B Semiimproved
A Improved

| | I | I |

-4 -2 0 2 4 6 8

A ] A |u|u.uu.u|<
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CHARACTERISING BIODIVERSITY

%{ﬁ PHENOTYPIC
] » expressed information — the parts

Y

www.cranfield.ac.uk



Cell Membrane

Microbe




PHOSPHOLIPID FATTY ACIDS
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PLEA proiiles: Micronial groups

 Eukaryotes and Fungi

cis:trans ratio
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PLFA PHENOTYPIC PROFILING

o Appropriateness in context of biodiversity ?
e relationship to taxonomy is rather loose

 relationship to environmental context is
apparently quite high

e are number of PLFA’'s a measure of ‘diversity’

9 10 11 12 13 14 15 16 17 18 1
Community 1

_ _Proportion

Community 2

www.cranfield.ac.uk



Abbots Hall Farm Essex




> Reclaimed Farmland (300yr)
Im @ -

Saltmarsh

1995 Restoration-2 ;
A Saltmarsh
M Farmland
O Farmland (former marsh)
9 Restored Marsh (1995 flood)
X Restored Marsh (2002)

. 2002 Restoration
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CHARACTERISING BIODIVERSITY

: @ FUNCTIONAL
© e processes — the working engine
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FUNCTIONAL PROFILING

e High-throughput systems:
e enzyme profiling
 fluorimetric systems (umbelliferones, MUF)
e substrate utilisation profiling

Carbon is the currency
g of the soll economy

www.cranfield.ac.uk
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Cranfield
Multiple Substrate Induced Respiration

96-channel respirometers:
RABIT MicroResp™

www.cranfield.ac.uk



MSIR OUTPUT: RATE CURVES
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FUNCTIONAL PROFILING: Cm”ﬁjﬁ\lfﬁm
Multiple substrate SIR Silsoc

® Effect of agricultural management regimes
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Cranfield
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Ancient woodland (Ha)
Ancient woodland (Ep)
26 yr scrub (Ha)
30 yr birch wood (Ha)
30 yr birch wood (Ep)
Meadow (Ha)
Meadow (Ep)

Arable (Ox)

Floodmeadow (Ox)
4 yr ex-arable

Floodmeadow (Ox)

10001” W

0 0.5 1 1.5 2 25 3 3.5 4 4.5
Level of Dissimilarity
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Ancient woodland (Ha)

; Ancient woodland (Ep)

26 yr scrub (Ha)

1
4
!

30 yr birch wood (Ha)

30 yr birch wood (Ep)

T

Floodmeadow (Ox)
4 yr ex-arable

Floodmeadow (Ox)
1000 yr

0 0.5 1 1.5 2 25 3 3.5 4 4.5
' Level of Dissimilarity
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MONITORING: TRAINING LOADS

« BIOLOGICAL STATUS OF SOILS
* microbes provide sensitive indicator
e Approach pioneered in USA

www.cranfield.ac.uk



EFFECT OF MILITARY
TRAFFICKING UPON SOIL
MICROBIAL BIOMASS

45

Cranﬁeld

NIVERSITY

40 A

.

—

(9|

—

&

=

—

S

307 8
) 2
2 25 - g
(@)

= B
O 2071 0
m 15 - g
10 - g

X

(&)

-

()

o

0 5

(&)

3

(0))]

Reference Light Moderate Heavy

TRAINING LOAD

www.cranfield.ac.uk



EFFECT OF MILITARY
TRAFFICKING UPON SOIL
MICROBIAL BIOMASS
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Salisbury Plain Training Area
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BACKGROUND

e Covering approx. 14,000 ha, ATE SP has by far the
largest extent of chalk grassland in the UK, and indeed, In
north-west Europe

« Chalk grassland is one of the most ecologically diverse
wildlife habitats to be found in Britain

« Site of Special Scientific Interest (SSSI) and Special
Protection Area (SPA) for birds

e Historical and current land-use of SPTA have resulted In
landscapes and wildlife almost unique in the UK

www.cranfield.ac.uk



EFFECT OF DISTURBANCE UPON
SOIL COMMUNITIES

 Cranfield University Development Project
e Case study @ Salisbury Plain
« SOILS SAMPLED FROM FIVE CATEGORIES [March 04]

Cranﬁeld

NIVERSITY

CODE |DISTURBANCE CATEGORY
A None
B Light
C Medium
D Heavy
E Severe
X Arable field (cereal)

www.cranfield.ac.uk
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PROPERTIES MEASURED

e How much is life Is there ?
e microbial biomass

 Who Is there ?
e community structure

e Soil chemical properties

www.cranfield.ac.uk



SAMPLING LOCATIONS — Towesn

www.cranfield.ac.uk
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MICROBIAL BIOMASS
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DISTURBANCE CATEGORY
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ANALYSIS OF MULTI-VARIATE Cranfield
DATA

* Principal component analysis

e reduces large data sets to a few numbers
(Principal Components, PCs) that essentially
capture the same information as is contained
within the full data set

o guantify the extent to which the PCs ‘represent’
the entire data set

o identify which of the properties are most
responsible for discriminating between samples

www.cranfield.ac.uk



PRINCIPAL COMPONENT Cranfield
ANALYSIS

PC2 (17%)

PC1 (55%)

www.cranfield.ac.uk



PLOT OF FIRST THREE PRINCIPAL  Cranfield
COMPONENTS

Discrimination
mainly due to one
PLFA
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PLOT OF FIRST THREE PRINCIPAL  Cranfield
COMPONENTS

Discrimination
mainly due to one
PLFA
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FUNGAL:BACTERIAL RATIO e
0.14 -
0.12 -
0.10 -
0.08 -

0.06 -

——

0.04 -

0.02 -

0.00 -

A B C D E X
DISTURBANCE CATEGORY
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‘STRESS” RATIO

0.8 -

HH

A B C D E X
DISTURBANCE CATEGORY
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SALISBURY PLAIN CASE STUDY

e Training load influences microbial biomass in a
consistent manner

e greater disturbance - smaller biomass

e Microbial community structure shows distinct
trajectory in relation to training load

 relatively few PLFAs lead to discrimination

o Sample site C — why different ?

www.cranfield.ac.uk
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DECISION TREE ANALYSIS

Formulate model using decision tree

Which are key drivers that discriminate between
samples ?

« Showed significance of
e microbial biomass
e certain key PLFA compounds

Predict to 93% accuracy to which disturbance
level a soil sample corresponds

www.cranfield.ac.uk
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Putting It all
together

Juerandisdac.us
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3D Scatterplot (Spreadsheetl in Workbook3 4v*12c)
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3D Scatterplot (Spreadsheetl in Workbook3 4v*12c)
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3D Scatterplot (Spreadsheetl in Workbook3 4v*12c)
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SOIL MICROBIAL PROPERTIES AS ECOLOGICAL INDICATORS ot

. Late Grass

Mid Grass
TOTAL ’
BIOMASS 0
R 5 Year Restored
d il
- Early Grass
A , Forest |
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I
Stored Soll
Community
composition

GROSS ACTIVITY
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COMMUNITY TRAJECTORIES...

‘ Late Grass

! @ scruo
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CONCLUSIONS: Cranfield
BIOLOGICAL STATUS OF SOILS

« Microbes provide sensitive indicator of ecological
status / ecosystem health

e assessment of degree of disturbance

e assessment of current status In relation to
management of degraded and restored
ecosystems

o gquantify where the system ‘is’ and where it is
‘going’
* Restoration context

e assess potential for restoration and status of such
management (target setting)

www.cranfield.ac.uk
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Facilitators or Followers?

 Facilitation by modifying soil conditions
 Facilitation by symbionts

e Inhibition by symbionts

 Facllitation by pathogens and herbivores
e Inhibition by pathogens and herbivores

e Maintenance of stability in late-successional
assemblages

www.cranfield.ac.uk
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Principal research gaps

 How much genotypic and functional diversity is
required to facilitate plant community function?

 What community players, other than symbionts, are
essential for facilitation or inhibition?

* Do shifts from bacterial to fungal dominated
communities result in ecosystem stability?

o A large scale survey of restoration and reference
sites

 What are the feedbacks between the soll biological
community and soll structural formation and stability?

www.cranfield.ac.uk



Nine attributes of a restored Cranfield
ecosystem

© 0N Ok WD E

Reference ecosystem, characteristic assemblages
Indigenous species, some exceptions

Functional groups present or available

Physical environment appropriate

Ecosystem functions normally for successional stage
Landscape integration, biotic and abiotic interactions
Potential threats eliminated

Resilience and integrity

Self-sustaining

www.cranfield.ac.uk



Nine attributes of a restored Cranfield
ecosystem

1.

2. Indigenous species, some exceptions

3.

4. Physical environment appropriate

5.

6. Landscape integration, biotic and abiotic interactions
7. Potential threats eliminated

8.

9.
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Conclusions

* The soll biological community is a a key
component of the soil ecosystem, crucial In
supplying ecosystem goods and services

« Understanding it is critical to provide
successful outcomes In restoration
orogrammes

|t may be use to indicate objectively the
orogress, or lack of it, in such programmes

www.cranfield.ac.uk



