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. Compensate for loss of spp-rich
grassland

. Develop restoration techniques based
on detailed research & knowledge of
ecology

. Translate this into practical
applications with commercial appeal




45 Years of Research
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2005+ ...
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# « Demonstrated it was possible!
e Seed rates & composition
* Native vs bred cultivars
* Nurse species
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" ¥*" New restoration techniques for farmland
& amenity areas
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e Meta-analysis of plant traits vs. performance in
restoration

- 32 arable reversion expts
- 18 grassland diversification expts
- Duration between 2 and 30 years

e Calculated expt-adjusted Performance Index
- 14 grasses & 45 forbs

e ANOVA / linear regression to relate performance to
38 plant traits and environmental associations




e.g...Festuca rubra, Trisetum flavesens, Cynosurus

Good cristatus, Antoxanthum odoratum

Pl, Leucanthemum vulgare, Trifolium pratense,

1.2-0.8 Achillea millefolium, Lotus corniculatus
Moderate e.g... Rumex acetosa, Prunella vulgaris, Centaurea
Pl, nigra, Rhinanthus minor, Sanguisorba minor
0.8-0.3

Bad e.g...Thymus polytrichus, Succisa pratensis,

| Sanguisorba officinalis, Helianthemum

<6‘ 3 nummularium, Filipendula vulagris, Hippocrepis

comosa, Stachyis officinalis




Attributes of easy & difficult species

Good performers

Bad performers

- Wide amplitude
(= Generalists!)

- C-strategists (yr 1: R-
strategists)
- Adapted to high fertility

- Persistent seed bank
and / or vegetative spread

- Narrow amplitude

(= Specialists!)

- S-strategists

- Adapted to low fertility

- Dependent on seasonal
regeneration from seed

e Findings valid for BOTH initial establishment AND

subsequent performance

=> Amplification of effects over time!
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Pywell et al. (2003)
Ecology & Hydrology Journal of Applied Ecology
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. e |[mportant impllcatlons for restoration
- policies and prescriptions

\ e Efficiency might be increased by introducing
c only good performers
.

e But this would lead to uniformity among |
restored grasslands & diminish the benefits
of habitat restoration biodiversity
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3. Overcoming Biophysical
Constraints
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Lack of seed desirable species

MGS5: Cynosurus cristatus-Centaurea nigra meadow & pasture

a) Seed bank persistence b) Seed bank size / composition
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grassland (n=9 sites) (n=8 sites)
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[] Not assigned Wagner, Walker & Pywell (2017) NERC e
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—a— Natural regeneration —e— Deep cultivate + ESA mix —®— Deep cultivate + spp.-rich mix

* Six sites over 8 years

» Effects of cultivation on fertility
* Nurse crops

e Seed mixes
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Similarity to Spp-rich Target Community
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Positive Indicators per 5m
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Severe (temporary) disturbance for restoration

Good performers
Bromopsis erecta

75 Campanula
glomerata
' Filipendula vulgaris
Pimpinella saxifraga
> 50 Stachys officinalis
§ Succisa pratensis
g,' Thymus pulegioides
[T
X 25
Poor performers
Carex flacca
Hippocrepis comosa
Helianthemum
0 nummularium
(o)) (@) — (o)) (@) — (o)) (@) — (@) o —
o —i —i o —i i o i i o i i
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(@] (@] (@] (@] (@] o (@] (@] (@] (@] (@] (@]
@ Sum cut / Aut cattle Rep. Measures ANOVA F-value (Sign.)
O Spr sheep / Sum cut / Aut cattle Grazmg Regime ;5 1.07 (ns)
Disturbance ; ,, 146.15 (***)
O Spr sheep / Sum cattle / Aut Cattle Year, 47.90 (***)
Grazing x Yr , ;4 2.66 (ns)
Eg‘;ﬁ,’;‘;’hﬁm,m Disturbance x Yr ¢ 5, 4,03 (*)
MATURAL ERVINIHMENT MESEARCH CUNCI Grazing x Disturbance ¢ ,, 1.15 (ns)
Grazing x Dist. x Yr ,, ., 0.63 (ns)




Herbicides to Increase
Establishment

B Grasses
B Forbs
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Slot-seed (-)  Slot-seed (+) Harrow + seed e G

herbicide herbicide : e i

Slot-seeding = 3.3 kg ha' / £115 ha! &&=
Harrowing = 10.0 kg ha* / £350 ha R N

‘E:egtm firH drol
e e e Pywell et al. 2007
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Using Yellow rattle as a tool to restore diverse

grassland
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. Widespread speues of many grasslands
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Seed relatively cheap & easily obtainable
Easily established and spread
Reduces vigour of competitive species (esp. grasses)

Facilitates establishment & persistence of target species

Populatlon S|ze can be controlled by mowmg




Dry wt(g) of grasses m-2

Cumulative richness per plot in 2002

700

a) Reduces competition from grasses
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% frequency of Rhinanthus per m2in 2001

Frequency Correlation Rhinanthus
Achillea millefolium 0.59**
Centaurea nigra 0.59**
Hypochoeris radicata 0.20nsd
Leontodon autumnalis 0.48*
Leontodon hispidus 0.37nsd
Leucanthemum vulgare 0.52*

Lotus corniculatus 0.15nsd
Plantago lanceolata 0.83***
Prunella vulgaris 0.49*

Trifolium dubium

0.56**




Controlling mollusc herbivory -
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4. Ecosystem Service Benefits
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Soil carbon by %LOI

Earthworm abundance
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Pollinator-plant
interaction web

Pollinator species
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Grass &

legumes
Linkage density=2.77

Grass,
legume &

. Forb
Plant species Linkage density=2.98

Centre for
Ecology & Hydrology



http://upload.wikimedia.org/wikipedia/commons/d/dd/Rotklee_Trifolium_pratense.jpg
http://www.google.co.uk/imgres?imgurl=http://tolweb.org/tree/ToLimages/Apis_mellifera2116051.250a.jpg&imgrefurl=http://tolweb.org/treehouses/?treehouse_id=4421&h=250&w=318&sz=39&tbnid=4nSlTRgYNsxo7M:&tbnh=93&tbnw=118&prev=/images?q=apis+mellifera+photo&zoom=1&q=apis+mellifera+photo&usg=__CQQ16NRbJN9ObmlwPHAHP9XLNyA=&sa=X&ei=XL-1TKCELsWOjAeVleS1Aw&ved=0CCMQ9QEwAg
http://zoologie.umh.ac.be/hymenoptera/photo_album/13_Apidae/imagepages/image20.html
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5. Socio-economic Barriers to Success:
The Importance of Training & Advice

UNIVEERSITY OF
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Socio-economic perspectives

Two landscapes — SW & East

In each 24 farms — 12 trained, 12
untrained

Explore farmer attitudes to AES &
responses to training

Assess habitat quality of AES options

Determine sociological & ecological
success of AES over 5 years

@ﬁ"ﬁﬁ Journal of Applied Ecology

Journal of Applied Ecology 2015 doi: 10.1111/1365-2664.12412

Social and ecological drivers of success in
agri-environment schemes: the roles of farmers and
environmental context

Morag E. McCracken', Ben A. Woodcock', Matt Lobley?, Richard F. Pywell’,

Eirini Saratsi?, Ruth D. Swetnam'?, Simon R. Mortimer®, Stephanie J. Harris?,
Michael Winter?, Shelley Hinsley' and James M. Bullock'
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Farmer training delivers more pollinators

e Farmer experience of agri-environment & @ ,,, """ expenence improves
training had a strong +ve effect on quality
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Evidence-based, practical guidance
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Conclusions
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Conclusions

Key constraints are lack of seeds &
establishment sites

Natural regeneration unlikely to
provide acceptable outcomes

Seed or green hay addition highly
effective at overcoming this

Severe (temporary) sward
disturbance using cultivation or
herbicide needed in permanent
grassland

Management of biotic interactions
can enhance effectiveness of
restoration




Conclusions

6. Training land managers
improves restoration success

7. Restoration enhances
important ecosystem
functions and services:

-  Herbage
production/quality

-  GHG capture
- Pollination
- Pest control

Centre for
Ecology & Hydrology
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