. ] . : \y rv - |
The integration of cover crops and soi

tillage to improve crop production efficiency
in a long running UK field experiment

Dr Nathan Morris, Farming Systems Specialist



ABOUT NIAB

 Headquarters in Cambridge

£33m turnover in 2022/23

agronomists, crop specialists)

(N’AB world-class experience, skills and resources

13 UK regional field trials centres

100+ UK field trial sites, 140k+ plots

East Malling horticultural R&D centre in Kent

400 staff (incl crop scientists, plant breeders,

® Headley Hall
Benniworth @
Kirton
®
Telford
¢ Soham. ® Morley
Hereford ¢

®
Cambridge
o Sutton Scotney
® East Malling

Cirencester ®

@
Newton AEbot Defsat

Nl’.ﬂ\'ﬂfﬂ] ? I:w



Global environmental impact
of agricultural production s /

The challenge is to produce \ e

sufficient food for a growing world e
population, growing expectation to N
a high protein diet while limiting e \ vé
the detrimental environmental i «

Stratospheric ozone
depletion

;n ;\

Atmospheric
aerosol loading

effects of our food production.
Ocean
Biogeochemical acidification
flows

Boundary transgressed R
= e
Safe operating Zone of increasing risk High risk

space zone

Rockstrom et al. 2009 Nature; Steffen et al. 2015 Science,
Richardson et al. 2023 Science Advances



Classification of tillage systems by intensity

from Morris et al. 2014

TILLAGE SYSTEM

Inversiontillage Non-inversion tillage

Conventional Tlllage
o Primary tillage

r A4

(Mouldboard plough)
o Secondary tillage Non-inversion tillage Single pass Strip tillage — only Direct drilling

(Surface tillage) {deep cultivation 10-20cm) system — cultivates a band

cultivates and of soil whilst

drills in a single retaining

operation undisturbed soil

and surface crop
2 residue

Non-inversion tillage
(shallow cultivation 5-10cm)

Decreasing tillage intensity
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New Farming Systems Cultivation Experiment

Cultivation approaches
1. Plough (200-250 mm);
2. Shallow non-inversion (ca. <100 mm);
3. Deep non-inversion (ca. 200 mm);
4. Managed regime

Two management approaches
1. Current —systems run as farm standard
2. Cover/companion crops
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Long term experiment

Started in 2007

Supported by the Morley
Agricultural Foundation and
The JC Mann Trust

The NFS evaluating
cultivation approaches
study explores the
interaction between
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Yield response (%) to the use of a cover crops in the NIAB NFS
long term cultivation study at Morley, Norfolk (2008 — 2020).

- . . .

. PLOUGH TILLAGE Generally positive responses with
cover crops and shallow tillage

10 systems. Benefits less clear where

plough based systems were used.
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Mean yields for winter wheat based on 2009/10, 2011/12,
2014/15, 2016/17 and 2019/20 cropping
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Error bars show the Standard Errors of the Difference (SED).
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Average vield (% of control) and range for years 2 (2008/09) to
13 (2019/20)

Yield (% of control*
Tillage Rotation Average Range Winter Yrs 2-6  Yrs 9-13

wheat only
Plough No cover crop 100.0 - 100.0 100 100
Cover crop 99.0 91.2-102.9 1004 99 99
Deep No cover crop 98.6 55.9-110.6 101.9 90 103

Cover crop 98.1 66.4-112.6
Shallow No cover crop  93.5 48.3-116.0
Cover crop 97.2 52.4-110.8 :
Managed No cover crop 98.0 81.1-121.7 97.1 91 100
Cover crop 552 /76.0-114.2 98.8 93 102

Mean of two rotations Plough 99.5 95.6-101.5 100.2 100 100 s
Deep 98.3 61.2-111.6 102.2 90 103 MORLEY
Shallow 95.3 50.3-113.4 98.2 85 101 R e

Managed 98.7 78.6-118.0

JC Mann Trust

\IEEL Rl R o NI RMIIET-LEYA IS No cover crop
Cover crop 100.9
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Cumulative margins (£/ha)

For years 2 (2008/09) to years 13 (2019/20). Total cost associated with cover crop inclusion
for the twelve-year period was calculated at -£277/ha inc support payment (+£496/ha).

_ Margin data (£/ha): Cumulative Total

Tillage Rotation Total Less cover  Less cover crop cost &

crop cost i upport payment
Plough No cover crop 7,336
Cover crop 7,041 \6

Deep No cover crop 7,867 7,867 7,867
Cover crop 7,685
No cover crop 7,481
Cover crop 7,717
No cover crop 7,716
Cover crop 7,662

Mean of two rotations Plough 7,148 THE

Deep 7,764 7,638 7,886 AGRl(MLgLIE(I)-UENXHON
Shallow 7,586 7,461 7,709
Managed 7,659 7,551 7,799 JC Mann Trust

Mean of four tillage systems  [\[oXle}V/=I@el{o]e] 7,611 7,611 7,611
Cover crop 7,467 7,190 7,686

(N’AB world-class experience, skills and resources m W M
I _ )“r’ iy :




Energy use

The energy consumed has been derived for:

1. Direct (on-farm) from machinery operation: pesticide spraying, fertiliser spreading,
tillage depending on soil type, and depth and the type of crop sown.

2. Indirect from product manufacture: pesticides and fertilisers, their packaging, storage
and transport (to farm).

3. Indirect from machinery manufacture: estimation of depreciation per operation or
hours of use.

The energy input ratio is calculated as:

Energy input ratio = energy per unit of yield (GJ t) for treatment x in year n

energy per unit of yield (GJ t'1) for plough-only (control) in year n

(N'AB world-class experience, skills and resources



Energy input ratio (GJ t-1) for each treatment relative to the
conventional plough (control)

Plough Shallow- Plough+C Deep- Shallow-
Year Crop (control) Deep-NI NI c NI+CC NI+CC
2008 WW 1
2009 SOSR 1.11 1.05 The energy ratio of the
2010 WW 1.04 1.05 mean WW 2010- is lower
2011 1.78 than the plough control in

the non-inversion

2012 i
2013 treatmerllts th out chover
2014 WOSR crops only. ere the
years 2010 and 2012 are
2015
excluded (mean WW
2016 -
2017 2015-) this extends to the
2018 non-inversion treatments
2019 WOSR with cover crops also.
2020

mean WW2010-
mean WW2015-

Treatment (green cell = decrease, red cell = increase)
Blue text spring sown crop

University of
Hertfordghire UH
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Crop vyield (t hat) and energy input per unit of yield (MJ t1)
from management interventions in five winter wheat crops
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Key findings

* Non-inversion tillage offers a lower energy alternative to conventional
plough-based inversion tillage.

* Despite the lower yields in the shallow non-inversion treatment, this is
compensated for by the lower energy input per ha, resulting in lower
energy inputs per unit of yield compared to the plough control treatment.

* The inclusion of a cover crop appears to confer an additional yield benefit,
reducing the energy input per tonne of yield further despite the additional
energy associated with the culture of a cover crop in the rotation.

* |In reference to winter wheat, shallow non-inversion tillage with a cover
crop present with spring sown crops in the rotation was the most energy
efficient treatment overall.
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Next steps...... Development of synthetic

¥V|tld Einkotrn XVik? Goat Gl;azs 1 . .
riticum uratu* egilops speltoides*
) & hexaploid winter wheat

Wild Emmer Germplasm

Triticum turgidum
ssp.Dicoccoides
(AA BB)

¥

Cultivated Emmer ;
Triticum turgidum v!"'d Goat Grass 2
ssp.Dicoccum egilops tauschii
(AA BB) (DD)
Selected for
Genetic Diversity
= Durum Wheat Spelt Wheat
Wild Goat Grass 2 Triticum turgidum Triticum spelta
Aegilops tauschii ssp.Durum (AA BB DD)
(DD) (AA BB)

Bread Wheat

Unstable Triploid Triticum aestivum
(AB D) (AA BB DD)

L 3

Synthetic Hexaploid Wheat
(AA BB DD)

Richard Horsnell and Fiona Leigh
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Selecting high performing synthetic wheat-derivatives
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Comparing direct drill vs deep non-inversion tillage
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Tillage p<0.01

Nitrogen p<0.01

Variety p<0.01

Tillage : Nitrogen p<0.01
Tillage : Variety n.s.

Nitrogen : Variety p<0.01
Tillage : Nitrogen : Variety n.s.




The New Farming Systems riments

Long term (2007-present) set of trials at
Morley, Norfolk (medium, sandy loam
soil)

Cultivations experiment
4 cultivation'systems

1. Plough

2. Deep non-inversion (20cm)

3. Shallow non-inversion (10cm)
4. Managed approach

=
©
<
£
K]
2
=

Cover Crop or not

Stubble or autumn cover crops ahead of
spring crops (companion crop in WOSR
rape)

Subset of selected lines
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Thank you
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