© University of Hertfordshire,

University of School of Life and
Hertfordshire Medical Sciences

Establishing a field-based evidence base for
the impact of agri-environment options on soill
carbon and climate change mitigation

Agri-environment monitoring theme: soil carbon and climate change mitigation

Dr Doug Warner
Agriculture and Environment Research Unit (AERU)
University of Hertfordshire, UK

Good practice workshop of

25 June 2024

Warner, D.J., Tzilivakis, J., Green, A. and Lewis, K.A. (2020). Establishing a field-based evidence base for the impact of agri-environment options on
soil carbon and climate change mitigation — phase 1. Final Report. Work package number: ECM50416. Evidence Programme Reference number:
RP04176. Natural England.

www.herts.ac.uk/aeru/



Project aims

 Phase 1:
— update previous Defra research projects
— review relevant CS options and baseline management scenarios

— review current literature and data relating to agricultural
greenhouse gas emissions and carbon sequestration

— calculate the net impact of CS options on greenhouse gas
emissions and carbon sequestration

« Phase 2:

— re-sample soil at existing locations of Bell (2008) at the
Wallington and Wimpole Estates, UK

— identify change in soil organic carbon (SOC)
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Phase 1 —review & life-cycle analysis
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From Project NECR121

GHG balance = (D + I, + |, + Syo0 + Scha + Scoa

+ Lyoo t+ Lepa) — (Cseq(soc) + CSeq(biomass))

D = direct emissions from machinery
operation

|, = indirect emissions agro-chemical
manufacture

|, = indirect emissions machinery
manufacture / depreciation

Sn2o = Soil N,O emission

Scha = soil CH, emission

Scoy = soil CO, emission

Lyoo 3 N,O emissions from livestock
Lcya = CH, emissions from livestock
Cseqsoc) = C sequestered in soil during year
n

Cseq piomass) = C sequestered in plant
biomass during year n
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Key options

Options that retain the original land use but modify the
management

 Enhanced management of maize crops - protect soils at risk to
erosion

« Two-year sown legume fallow

« Seasonal livestock removal on grassland

 Reduced-depth cultivation historic features

Options that change land use on a proportion of the area

« Buffer strips e.g. buffer strip on cultivated land / buffer strip on
intensive grassland

 Flower-rich margins

Options that create or manage semi-natural habitats

« Management of fen and Management lowland raised bog habitats
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Phase 2 method overview

« Digitise and overlay Environmental Stewardship option maps in
ArcGIS® onto the location of each sample taken by Bell (2011)

« Select sites for resampling where there is spatial coincidence
between ES options of interest and existing sample locations

« Resample replicating the method of Bell (2010)

« Verify management via interview with farm tenants/managers and in
reference to option management prescriptions

« Soil analysis: %S0OC by Loss on Ignition (LOI), %TOC by C:N
analyser, bulk density [+ supplementary sampling]

« Compare original measured SOC (Bell, 2010 sampled in 2008) with
measured SOC (current -2018) and predicted SOC (Warner et al.,
2011)
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Study sites
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Soil sampling
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Soil sample processing and statistical analysis

« Samples double bagged and stored at 4°C until transported to
laboratory for analysis

« Forest Research, Alice Holt, UK
« Operates under the Joint Code of Practice for Research as a
benchmark for quality assurance
— %SO0C by LOI
— 9%TOC by C:N analysis
— bulk density

— soil texture

— stone content

« Generalised Linear Model

— Multivariate analysis to determine significant variables
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Results: summary Wallington

Rperm-marshy _______ Options / changes in management,
L ea - Rperm-marshy™ - - | significant difference

« Arable

— +grass/clover ley (various) 0.58,
0.85t C halyr?

— 4+FYM 0.46, 0.74 t C halyr?
— +broiler manure with straw

— to improved temporary
grassland

— +reversion to unfertilised
grassland erosion prevention
1.34, 1.62 t C halyr!

— (hedge margin - low replicate
0.87 t C halyr?)

change % SOC -~
@ 4581680 - -3.00000
@ -2999999 - -2,00000::
© -1999999 - -1,00000+"
O 0999999 - -0.05000
O -0.049999 - 0.05000C;;
@ 0.050001 - 1.000000 .
@ 1.000001 - 2.000000 §
@ 2.000001 - 3.000000 =845
@ 3000001 - 7817810~

« Conifer plantation

i

) ot st one 2019 - Rough permanent marshy grassland
where drained loss of SOC -23.21 to

3.79 t C hat!
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Results: summary Wimpole

No significant change in SOC
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temporary to improved permanent grassland
{asEL3)

to HF 20R Cultivated fallow plots or margins

for arable plants
to OB2 Hedgerow management {margin)

to HI3 Reversion permanent unfertilised
grassland prevent erosion

to improved temporary grassland

to QU1 {organic with grass/dover ley)

grass / dover ley (as part of OU1) 20-40%
rotation + OHD3 reduced tillage

Management

grass / dover ley (as part of OU1) 20-40%
rotation

grass / dover ley (as part of OU1) 50-60%
rotation

biosolids

broiler manure + straw

F¥M [50% rotation)

straw (50% rotation) + reduced tillage {25%
rotation)
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Summary

« Arable land under ES options on both the Wallington and Wimpole
estates increased in SOC 2008 to 2018

« Management includes practices conducive with SOC enhancement (+
those not specific to ES)

— grass/clover leys (as part of, but not exclusively to, option OU1-
Organic management)

— organic amendments such as straw or farmyard manure

« Options that take a proportion of land out of agricultural production
where appropriately targeted to protect sensitive habitat features or
vulnerable soils

« HJ3-Arable reversion to grassland to prevent soil erosion / grass buffer
strips

— sympathetic management of field boundaries (OB1-Hedgerow
management)

« Change in SOC spatially variable within the same land parcel, potential
increase in SOC but not significant, requires adequate replication

« Longer term (10 years or more) timeline
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Any guestions

Contact:

d..warner@herts.ac.uk, +44 (0)1707 286075
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