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Highlights

Future
Work

Full inversion tillage renewal to increase soil carbon: agronomic
and environmental benefits and trade-offs

Aug 2017 — Sep 2020

New Zealand (The New Zealand Institute of Plant and Food
Research, Manaaki Whenua-Landcare Research, Massey University)

Ireland (Teagasc, Trinity College Dublin)
Germany (Thunen Institute)

To verify the potential to increase soil carbon and to demonstrate the
practical applications of full inversion tillage (FIT) pasture renewal,
including its effects on the agronomic and environmental
performance of pasture systems.

« Modelling indicated that FIT pasture renewal could sequester 21-
36 Mt C across 2.6 Mha of New Zealand high production
grassland soils (suitable for ploughing) over 20 years. This is
approximately 10-17% of New Zealand’s agricultural GHG
emissions over the same period (at current emissions rates).

« The additional costs of FIT pasture renewal (tillage and fertiliser)
were offset by higher dry matter production within the first 12-18
months following pasture renewal (compared with non-renewed
pasture), particularly where a forage crop was grown as a break
between old and new pasture.

e N20 emissions (winter-spring period) from livestock urine
patches on FIT pastures are 30-40% lower than the emissions
on continuous (non-renewed) pasture and 50-60% lower than
emissions on pasture renewed with no-tillage

e FIT pasture renewal also reduced the risk of nitrate leaching
compared with no-tillage pasture renewal but under certain
circumstances.

« Practical guidelines for FIT pasture renewal were developed,
covering aspects like suitable soils/sites, tillage, nutrient
management, and seasons (autumn vs spring).

« International collaborations were made with Ireland, Germany
and Ireland.

e Further research is required to verify the benefits for GHG
mitigation and to support on-farm adoption.

o Establish demonstration trials on farms representing a range of
suitable soils and climates to test and improve the good
management practice guidelines and to monitor the longer-term
gains in soil carbon and agronomic performance.
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Key
Research
Output(s)

» Verify the reductions in N2O emissions during pasture re-
establishment and from urea fertiliser and livestock urine applied
to different soils.

« ldentify the biogeochemical mechanisms that are responsible for
increasing soil C storage following FIT pasture renewal in order
to maximise the benefits across different soils and climates.

Journal articles

Kirschbaum, M.U.F., Don, A., Beare, M.H., Hedley, M.J., Calvelo
Pereira, R., Curtin, D., McNally, S., Lawrence-Smith, E. (Under
Review). Sequestering soil carbon by burying it deeper within the
profile: A theoretical exploration of three possible mechanisms.
Soil Biology & Biochemistry.

Hedley, M.J., Beare, M.H., Calvelo Pereira, R., McNally, S.R.,
Lawrence Smith, E.J., Tregurtha, C.S., Osborne, M.A., Gillespie,
R.N., van der Klei, G., Thomas, S.M. (Under Review) Practise
Guidelines for successful introduction of full inversion tillage to
increase soil carbon stocks under pasture. New Zealand Journal
of Agricultural Research.

Vos, C., Reinsch, T., Schneider, F., Don, A. (Under Review) Does
grassland renovation increase soil organic carbon stocks? —
Results of a long-term experiment. Agriculture, Ecosystem &
Environment.

van der Klei, G., Calvelo Pereira, R., McNally, S., Thomas, S., Beare,
M.H., Hu, W., Hedley, M. (Under Review) Nitrous oxide
emissions from urine and fertiliser addition following pasture
renewal with full inversion tillage. Agriculture, Ecosystems &
Environment.

Calvelo Pereira, R., Hedley, M.J., Hanly, J., Beare, M.H., McNally,
S.R., Bretherton, M.R. (Under Review) Carbon storage, herbage
yield, and nitrate leaching in New Zealand permanent pastures
following spring renewal using deep ploughing. Soil & Tillage
Research.

McNally, S.R., Beare, M.H., Tregurtha, C.S, Hunt, J., Calvelo
Pereira, R., Hedley, M.J., Lawrence-Smith, E.J. (Under Review)
Short term carbon input and C loss from soil following a one-off
pasture renewal using full inversion tillage. Soil Biology and
Biochemistry.

Lawrence-Smith, E., Curtin, D., Beare, M., McNally, S., Kelliher, F.,
Calvelo Pereira, R., Hedley, M. (Under Review) Full inversion
tillage during pasture renewal as a one-off management practice
to increase soil carbon storage: New Zealand as a case study.
Global Change Biology.

Madigan, A.P., Zimmermann, J., Krol, D.J., Williams, M., Jones, M.B.
(Under Review) Full Inversion Tillage as a potential future
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management strategy for enhanced carbon sequestration in Irish
grassland soils. Geoderma.

Calvelo Pereira, R., Hedley, M.J., Camps Arbestain, M., Bishop, P.,
Enongene, K.E., Otene, 1.J.J. (2018) Evidence for soil carbon
enhancement through deeper mouldboard ploughing at pasture
renovation on a Typic Fragiaqualf. Soil Research, 56:182-191.

Schiedung, M., Beare, M.H., Tregurtha, C., Don, A. (2018) Deep soll
flipping increases carbon stocks of New Zealand grasslands.
Global Change Biology, 25:2296-2309.

Kirschbaum, M.U.F., Giltrap, D., McNally, S.R., Liang, L.L., Hedley,
C., Moinet, G., Blaschek, M., Beare, M.H., Theng, B. (2018)
Estimating the surface area of soils from their moisture factors.
How to adjust for the water adsorption by soil organic carbon?
European Journal of Soil Science, 71:382-391.

Kirschbaum, M.U.F., Hedley, C.B., Moinet, G.Y.K., Beare, M.H.,
McNally, S.R. (2019) A conceptual model of carbon stabilisation
based on patterns observed in different soils. Soil Biology and
Biochemistry, 141:107683.

Conference proceedings/presentations

Calvelo Pereira, R., Hedley, M.J., Hanly, J., Osborne, M., McNally,
S.R., Beare, M.H. (2020) The agronomic and environmental
benefits and risks of spring pasture renewal with full inversion
tillage. In: Nutrient Management in Farmed Landscapes. (Eds.
C.L. Christensen, D.J Horne, R. Singh).
http://flrc.massey.ac.nz/publications.html. Occasional Report No.
33. Farmed Landscapes Research Centre, Massey University,
Palmerston North, New Zealand. Pp.9.

Beare, M.H., McNally, S.R., Calvelo Pereira R., Tregurtha, C.S.,
Gillespie, R.N., Van der Klei, G.R., Hedley, M.J. (2020) The
agronomic and Environmental benefits and risks of autumn
pasture renewal with full inversion tillage. In: Nutrient
Management in Farmed Landscapes. (Eds. C.L. Christensen, D.J
Horne, R. Singh). http://flrc.massey.ac.nz/publications.html.
Occasional Report No. 33. Farmed Landscapes Research
Centre, Massey University, Palmerston North, New Zealand.
Pp.7.

Hedley, M.J., Beare, M.H., Calvelo Pereira, R., McNally, S.R.,
Lawrence Smith, E.J., Tregurtha, C.S., Osborne, M.A., Gillespie,
R.N., van der Klei, G., Thomas, S.M. (2020) Where, when and
how - practice guidelines for successful introduction of full
inversion tillage to increase soil carbon stocks under pasture. In:
Nutrient Management in Farmed Landscapes. (Eds. C.L.
Christensen, D.J. Horne and R. Singh).
http://flrc.massey.ac.nz/publications.html. Occasional Report No.
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33. Farmed Landscapes Research Centre, Massey University,
Palmerston North, New Zealand. 7 pages.

Lawrence-Smith, E.J., Curtin, D., Beare, M.H., McNally, S.R.,
Kelliher, F.M., Calvelo Pereira, R., Hedley, M.J. (2020) The
potential for full inversion tillage pasture renewal to build soil
carbon in permanent pastures. In: Nutrient Management in
Farmed Landscapes. (Eds. C.L. Christensen, D.J. Horne and R.
Singh). http://flrc.massey.ac.nz/publications.html. Occasional
Report No. 33. Farmed Landscapes Research Centre, Massey
University, Palmerston North, New Zealand. Pp.7.

Kirschbaum, M.U.F., Don, A., Beare, M.H., Hedley, M.J., Calvelo
Pereira, R., Curtin, D., McNally, S., Lawrence-Smith, E. (2020)
What processes can cause soil C stocks to increase after full
inversion tillage? A sensitivity analysis of possible contributing
processes. In: Nutrient Management in Farmed Landscapes.
(Eds. C.L. Christensen, D.J. Horne and R. Singh).
http://flrc.massey.ac.nz/ publications.html. Occasional Report No.
33. Farmed Landscapes Research Centre, Massey University,
Palmerston North, New Zealand. Pp.7.

McNally, S.R., Van der Klei, G., Calvelo Pereira, R., Thomas, S.,
Beare, M.H., Hedley, M. (2020) Nitrous oxide emissions from
fertiliser and urine following full inversion tillage autumn pasture
renewal. In: Nutrient Management in Farmed Landscapes. (Eds.
C.L. Christensen, D.J. Horne and R. Singh).
http://flrc.massey.ac.nz/publications.html. Occasional Report No.
33. Farmed Landscapes Research Centre, Massey University,
Palmerston North, New Zealand. Pp.6.

Don, A. (2020). Deep tillage effects on soil carbon stocks - evidence
from long-term experiments. In: Nutrient Management in Farmed
Landscapes. (Eds. C.L. Christensen, D.J. Horne and R. Singh).
http://flrc.massey.ac.nz/publications.html. Occasional Report No.
33. Farmed Landscapes Research Centre, Massey University,
Palmerston North, New Zealand. Pp.6.

Beare, M.H., McNally, S.R., Calvelo, Pereira. R., Tregurtha, C.S.,
Gillespie, R.N., Van der Klei, G.R., Hedley, M.J. The agronomic
and environmental benefits and risks of autumn pasture renewal
with full inversion tillage. 33 Annual Fertiliser and Lime
Research Centre Workshop, entitled: Nutrient loss mitigations for
compliance in agriculture, Palmerston North. 11-13 February
2020.

Calvello Pereira, R., Hedley, M.J., Hanly, J., Osborne, M., McNally,
S.R., Beare, M.H. The agronomic and environmental benefits and
risks of spring pasture renewal with full inversion tillage. 33"
Annual Fertiliser and Lime Research Centre Workshop, entitled:
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Nutrient loss mitigations for compliance in agriculture, Palmerston
North. 11-13 February 2020.

McNally, S.R., Van der Klei, G., Calvelo Pereira, R., Thomas, S.,
Beare, M.H., Hedley, M. Nitrous oxide emissions from fertiliser
and urine following full inversion tillage autumn pasture renewal.
339 Annual Fertiliser and Lime Research Centre Workshop,
entitled: Nutrient loss mitigations for compliance in agriculture,
Palmerston North. 11-13 February 2020.

Lawrence-Smith, E.J., Curtin, D., Beare, M.H., McNally, S.R.,
Kelliher, F.M., Calvelo Pereira, R., Hedley, M.J. The potential for
full inversion tillage pasture renewal to build soil carbon in
permanent pastures. 33'@ Annual Fertiliser and Lime Research
Centre Workshop, entitled: Nutrient loss mitigations for
compliance in agriculture, Palmerston North. 11-13 February
2020.

Kirschbaum, M.U.F., Don, A., Beare, M.H., Hedley, M.J., Calvelo
Pereira, R., Curtin, D., McNally, S., Lawrence-Smith, E. What
processes can cause soil C stocks to increase after full inversion
tillage? A sensitivity analysis of possible contributing processes.
33 Annual Fertiliser and Lime Research Centre Workshop,
entitled: Nutrient loss mitigations for compliance in agriculture,
Palmerston North. 11-13 February 2020.

Don, A. 2020. Deep tillage effects on soil carbon stocks - evidence
from long-term experiments. 33 Annual Fertiliser and Lime
Research Centre Workshop, entitled: Nutrient loss mitigations for
compliance in agriculture, Palmerston North. 11-13 February
2020.

McNally, S.R., Beare, M.H., Tregurtha, C., Gillespie, R., Lawrence-
Smith, E., Van der Klei, G., Thomas, S., Calvello Pereira, R.,
Hedley, M. Full inversion tillage offers opportunity for increased C
sequestration, implications and agronomic effects. 7t
International Symposium on Soil Organic Matter, Adelaide. 6-11
October 2019

Calvelo Pereira, R., Poggio, M., Hedley, M.J., Blaschek, M., Hedley,
C., Beare, M.H., McNally, S.R. Rapid spectral-reflectance-based
assessment of soil carbon stratification following full inversion
tillage pasture renewal. 7! International Symposium on Soil
Organic Matter, Adelaide. 6-11 October 2019.

Kirschbaum, M.U.F., Giltrap, D., McNally, S.R., Liang, L., Hedley,
C.B., Moinet, G.Y K., Blaschek, M., Beare, M.H., Theng, B. Are
soil carbon stocks controlled by a soil's capacity to protect carbon
from decomposition? 7™ International Symposium on Soil
Organic Matter, Adelaide. 6-11 October 2019.

Schiedung, M., Tregurtha, C., Beare, M.H., Thomas, S., Don, A. Soil
organic carbon sequestration after deep flipping of grassland



GLOBAL
RESEARCH
ALLIANCE

Ministry for Primary Industries L ‘ﬁ ;
Manatd Ahu Matua E E >

ON AGRICULTURAL GREENHOUSE GASES

soils in New Zealand. European Geophysical Union Conference,
Vienna. 7-12 April 2019.

McNally, S., Beare, M.H., Tregurtha, C., Gillespie, R., Lawrence-
Smith, E., Van der Klei, G., Thomas, S., Calvello Pereira, R.,
Hedley, M. Full inversion tillage pasture renewal offers
greenhouse gas mitigation options: the Canterbury experience.
32" Annual Fertiliser and Lime Research Centre Workshop,
entitled: Nutrient loss mitigations for compliance in agriculture,
Palmerston North. 11-13 February 20109.

Calvelo Pereira, R., Hedley, M.J., Hanly, J., Hedges, M., Bretherton,
M., Beare, M.H., McNally, S.R. Full inversion tillage pasture
renewal offers greenhouse gas mitigation options: the Manawatu
experience. 32" Annual Fertiliser and Lime Research Centre
Workshop, entitled: Nutrient loss mitigations for compliance in
agriculture, Palmerston North. 11-13 February 2019.

Beare, M.H., Curtin, D., McNally, S., Thomas, S., Lawrence-Smith,
E., Tregurtha, C., Hu, W. Soil, Land-Use & Climate Change
Impacts & Mitigation in New Zealand. Presentation to a cross-
divisional symposium entitled: Anthropogenic and climate-
induced soil change: A transdisciplinary Overview. International
Soils Conference, San Diego. 6-9 January 2019.

McNally, S., Beare, M.H., Tregurtha, C., Gillespie, R., Lawrence-
Smith, E., Van der Klei, G., Thomas, S., Calvello Pereira, R.,
Hedley, M. (2019) Full inversion tillage pasture renewal offers
greenhouse gas mitigation options: the Canterbury experience.
In: Nutrient loss mitigations for compliance in agriculture. (Eds
L.D. Currie and R.Singh). Occasional Report No. 32. Fertilizer
and Lime Research Centre, Massey University, Palmerston
North, New Zealand. Pp.6.

Calvelo Pereira, R., Hedley, M.J., Hanly, J., Hedges, M., Bretherton,
M., Beare, M.H., McNally, S.R. (2018) Full inversion tillage
pasture renewal offers greenhouse gas mitigation options: the
Manawatu experience. In: Nutrient loss mitigations for
compliance in agriculture. (Eds L.D. Currie and R.Singh).
Occasional Report No. 32. Fertilizer and Lime Research Centre,
Massey University, Palmerston North, New Zealand. Pp.11.

Calvelo Pereira, R., Poggio, M., Hedley, M.J., Blaschek, M., Hedley,
C., Beare, M., McNally, S. Assessment of soil organic matter
stratification in two pastoral soils following full inversion tillage-
renewal. Soils2018 Conference: Diverse soils — Productive
Landscapes, Napier. 3-6 December 2018.

McNally, S., Beare, M.H., Tregurtha, C., Gillespie, R., Lawrence-
Smith, E., Calvello Pereira, R., Hedley, M. Vertical distribution of
soil carbon following full inversion tillage: implications for C
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sequestration. Soils2018 Conference: Diverse soils — Productive
Landscapes, Napier. 3-6 December 2018.

Kirschbaum, M., Moinet, G., Hedley, C., Beare, M., McNally, S.,
Giltrap, D., Liang, L., Blaschek, M., Theng, B. Are soil carbon
stocks controlled by a soil's capacity to protect carbon from
decomposition? Soils2018 Conference: Diverse soils —
Productive Landscapes, Napier. 3-6 December 2018.

Beare, M.H., McNally, S., Curtin, D., Baldock, J. Defining and
Predicting the Organic Carbon Sequestration Potential of Soils.
Invited presentation at the 215t World Congress of Soil Science,
Rio de Janeiro. 12-17 August 2018.

Calvelo Pereira, R., Hedley, M.J., Hanly, J., Bretherton, M., Horne,
D., Bishop, P., Dijkstra, J., Beare, M., McNally, S. Short-term
effects of deep ploughing on soil C stocks during renewal of dairy
pastures in New Zealand. Poster presentation at the 215t World
Congress of Soil Science, Rio de Janeiro. 12-17 August 2018.

Beare, M., Lawrence-Smith, E., Curtin, D., Kelliher, F. The potential
to accelerate soil C sequestration through use of full inversion
tillage when renewing permanent pastures in New Zealand. 6
International Symposium on Soil Organic Matter, Rothamsted. 3-
7 September 2017.

McNally, S., Beare, M., Curtin, D., Tregurtha, C., Qiu, W., Kelliher, F.,
Camps, M., Shen, Q., Calvelo Pereira, R., Baldock, J. The
carbon sequestration potential and vulnerability to carbon loss of
New Zealand’s agricultural soils. 6! International Symposium on
Soil Organic Matter, Rothamsted. 3-7 September 2017.

McNally, S., Tregurtha, C., Hunt, J., Medina, C., Beare, M. A simple
chamber design for continuous-pulse labelling of plants with
13CO02 in a controlled environment to investigate soil-C
dynamics. 6" International Symposium on Soil Organic Matter,
Rothamsted. 3-7 September 2017.

Curtin, D., Beare, M., Qiu, W. Bio-availability and water-extractability
of soil organic matter: influence of land use change and tillage.
6! International Symposium on Soil Organic Matter, Rothamsted.
3-7 September 2017.

Kirschbaum, M.U.K., Moinet, G.Y .K., Beare, M.H., McNally, S.R. Are
soil carbon stocks controlled by a soil’s protective capacity for
long-term carbon storage? 6" International Symposium on Soil
Organic Matter, Rothamsted. 3-7 September 2017.

Calvelo Pereira, R., Hedley, M.J., Bishop, P., Beare, M., McNally, S.
Soil carbon storage enhancement in grazed pastures through
infrequent deeper ploughing at pasture renewal. 6" International
Symposium on Soil Organic Matter, Rothamsted. 3-7 September
2017.
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Beare, M.H., Lawrence-Smith, E., Curtin, D., Kelliher, F. Accelerated
soil C sequestration through targeted use of full inversion tillage
when renewing permanent pastures. Soil, a balancing act Down
under: NZ Society of Soil Science & Soil Science Australia Joint
Conference, Queenstown.12-16 December 2016.

Calvelo Pereira, R., Hedley, M.J., Camps Arbestain, M., Bishop, P.,
Enongene, K.E., Otene, J.J. Soil carbon. Evidence for soil carbon
enhancement through deeper ploughing at pasture renovation on
a Pallic soil. Soil, a balancing act Down Under: NZ Society of Soil
Science & Soil Science Australia Joint Conference,
Queenstown.12-16 December 2016.

McNally, S.R., Beare, M.H., Curtin, D., Meenken, E.D., Kelliher, F.,
Calvelo Pereira, R., Shen, Q., Baldock, J. The Carbon
sequestration potential of New Zealand’s agricultural soils. Soil, a
balancing act Down Under: NZ Society of Soil Science & Soill
Science Australia Joint Conference, Queenstown.12-16
December 2016.

van der Klei, G., Beare, M., Thomas, S., Tregurtha, C., Gillespie, R.,
Dunlop, C., Meenken, E. Reducing nitrogen losses from winter
grazed forage through crop selection and tillage practices. Soil, a
balancing act Down Under: NZ Society of Soil Science & Soill
Science Australia Joint Conference, Queenstown.12-16
December 2016.

Beare, M.H., Lawrence-Smith, E., Curtin, D., Kelliher, F. The
potential to use full inversion tillage to increase soil carbon
storage during pasture renewal in New Zealand. Agronomy
Society and Soil Science Society of America Conference,
Phenoix. 6-9 Nov 2016.



