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Location of trial sites ς2016-2018 



Summary of cover crop experiments in 2017 
& 2018
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Summary of amendment experiments in 
2017 & 2018
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Regional Rainfall  Patterns in Winter and Spring

2016 2017 2017 2018

Oct- Dec Jan-Mar Oct-Dec Jan-Mar

Scotland 327 372 492 373

England NW &N Wales 244 336 440 324

Midlands 158 182 189 225

East Anglia 123 118 150 165

England SW &S Wales 225 304 345 392

Are benefits from cover crops larger in wet winters and springs?
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No amendment
(n=15)
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No cover crop
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Yield (t/ha)

Summary of effects of cover crops or 
amendments on potato yield from survey data

Smallest
value

Largest 
value

Median Mean
Q75 %Q25 %
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Structure of the survey
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άLƴǘŜǊǾŀƭǎέ

!ƴ άLƴǘŜǊǾŀƭέ ƛǎ ŀ ŘƛǎǘƛƴŎǘ ǇŜǊƛƻŘ ƻŦ ƭŀƴŘ ǳǎŜ Ґ ƛǎ ƻƴŜ ǎƘŜŜǘ ƻŦ ŀƴ ŜȄŎŜƭ ŦƛƭŜ
!ƴ άLƴǘŜǊǾŀƭέ ƻŦ ƭŜǎǎ ǘƘŀƴ ǎŜǾŜƴ Řŀȅǎ Ŏŀƴ ōŜ ƛƎƴƻǊŜŘ

The objective is to understand how soils are utilised for the whole rotation



Restoring soil quality through novel / multi-
species leys & better use of animals in rotations





Resilient and robust crop and livestock production systems 

ÅIntroducing complex herbal ley (with deep rooting 
complex rooting and biopharmaceutical impact 
into rotation for 2 & 3 years
ÅConsider grazing or mowing 
ÅConsider direct-drilling or non-inversion tillage to 

help improve soil structure/restoration
ÅEasy assessment of a range of soil and crop 

parameters:



Å Building on our existing farmer networks 
Å NIAB site studied intensively +5 farms collaborating
Å Tell us if you wish to attend workshops in 2019

Mature & establishing Cotswold Seeds 4-Yr 
Herbal Ley



Test site Year 1 NIAB (Duxford) Site

The NIAB test site Format is; split field at one 
ƻŦ bL!.Ωǎ ƴŜǿ ǘǊƛŀƭ ǎƛǘŜǎ ƴŜŀǊ 5ǳȄŦƻǊŘ

Selected for maximum homogeneity in soil 
type across the field

having been in continuous intensive rotation 
for the past decade at least



Part of the field remains in arable throughout

In year three part of the leys in each half are 
returned to arable 

In the final year ς4  all ley and complex herbal 
leys have been removed and the site returned 
to arable rotation- in this case winter wheat



Long term trials  
STAR Project

Sustainability Trial in Arable Rotations



Non-mycorrhizal 
species often used 
as autumn sown 
cover crops

Conventional 
white/ red 
clover ryegrass 
ley

Herbal ley mixtures with deep rooting species, many 
being nodulatinglegumes and strongly mycorrhizal 
(* species included in our mix- not all are shown)

*

* *

*
*

*

*
*



What to measure ? And Key Questions

Å Soil Nutrients/pH/ VESS/

Å Earthworm sp./abundance

Å Soil microbial communities

Å Soil Organic Matter

Å Aggregate stability & Soil Strength

Å Porosity/ Bulk Density

Å Animal /parasite data

ÅAre herbal-rich leys better than grass-
clover leys for soil, sheep and 
following crops?  

ÅIs grazing preferable to mowing? 

ÅIs it best to maintain leys for 3 years 
or can we reduce to 2 years 
depending on ley/management?

ÅLivestock Economic returns

ÅWhat is the impact at landscape-scale after new rotations + soil improvements 
ÅReduction in flood & pollution risks; added livestock returns
ÅMAINTAINING the positive impact by direct drilling following Ley(s)



hƴƎƻƛƴƎ wŜǎǳƭǘǎ ŦǊƻƳ Ψ{ƳŀǊǘ DǊŀǎǎΩ ¦/5 [ȅƻƴǎ

Felicity Lenyk

PRG: rye grass @ 163kg N/ha/yr

PRG & White Clover @ 90kg N/ha/yr

6 Spmix:6 species @ 90kg N/ha/yr
(PRG, Timothy, W. Clover, R Clover, 
Plantain, Chicory) 

9 Spmix: 9 species @ 90kg N/ha/yr
(PRG, Timothy, Cocksfoot, W&R 
Clover, BirdsfootTrefoil, Plantain, 
Chicory, Yarrow) 



International project; started Aug. 2018 

Alboradafunded 

Å Soil Microbial Interactions Using 
Inoculation  and Compost Tea

Å Mycorrhizalfungi tested with crop in 
Nigeria & natural development

Å Production of waste crop compost  tea to 
reduce nutrient turnover(neem, jatropha
& castor)

Å Use of biocharto reduce nutrient loss
Å Collaboration with African arm of Kent 

SME supplying inoculum
Å Capitalise on previous NIAB project on 

affordable soil testing

Starting  2018

Å Testing in UK and Nigeria

Å Maize and Pigeon Pea



Exemplar Innovations ςworking with small 
companies 

Å Reducing waste or valorisation of waste material
Å Improvements in time management through sensor based 

approaches
Å Improvement potential in key resources: 

soil structure/quality/nutrient delivery
irrigation
Choice of forage and fodder
source of forage



Plant Works; PGPRroptargeted products/ inoculants

ÅTrials showed that different PGPR consortia 
need to be formulated for each target crop

ÅSR3 developed for specific crops including 
Beets/Spinach, Onions/Leeks and 
Potatoes/Carrots to be launched for Spring 
2018 sowing

ÅSpecific SR3 cereal and oilseed products in 
development 



Average ear counts/ m2 in barley treatments, (Simon Chiles farm). 
ANOVA & Tukey HSD test shows highly significant difference between 
Control and AMF treated crop (P<.0001). 
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Entomics solution: the Black Soldier Fly

https://twitter.com/entomics
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NIAB Soils Programme
Long-term rotational projects and 

Soil Health Monitoring
AFCP

5th March 2019

nathan.morris@niab.com

mailto:Nathan.morris@niab.com


STAR Project 
(Sustainability Trial for Arable Rotations)

Rotations
ω Winter Cropping
ω Spring Cropping
ω Continuous W Wheat
ω Alternate Fallow

Establishment
ω Annual Plough
ω Deep non-inversion
ω Shallow non-inversion
ω Managed Approach

= 16 treatments

X 3 replicatesX

In the managed approach the cultivation regime is decided annually by the project steering group; 
this decision is based on soil conditions / assessments, previous cropping, weed burden and local 
best practice.  The techniques used have ranges from single pass approaches through to ploughing.

Cropping

Rotation 2006

(Yr 1)

2007

(Yr 2)

2008

(Yr 3)

2009

(Yr 4)

2010

(Yr 5)

2011 

(Yr 6)

2012 

(Yr 7)

2013 

(Yr 8)

2014

(Yr 9)

2015

(Yr 10)

2016 

(Yr 11)

2017

(Yr 12)

2018

(Yr 13)

1 Winter 

cropping

WOSR 1st

Wheat

Winter 

beans

1st

Wheat

WOSR 1st

Wheat

Winter 

Beans

1st

Wheat

WOSR 1st

Wheat

Winter 

beans

1st

Wheat

2nd

Wheat

2 Spring 

cropping

Spring 

Beans

1st

Wheat

Spring 

Oats

1st

Wheat

Spring 

Beans

1st

Wheat

Spring 

Linseed

1st

Wheat

Spring 

Oats

1st

Wheat

Spring 

beans

1st

Wheat

2nd

Wheat

3 Cont 

wheat

Cont 

Wheat

Cont 

Wheat

Cont 

Wheat

Cont

Wheat

Cont 

Wheat

Cont 

Wheat

Cont

Wheat

Cont

Wheat

Cont 

Wheat

Cont

Wheat

Cont 

Wheat

Cont

Wheat

Cont

Wheat

4 Alt fallow Fallow 1st

Wheat

Fallow 1st

Wheat

Fallow 1st

Wheat

Fallow 1st

Wheat

Fallow 1st

Wheat

Fallow 1st

Wheat

2nd

Wheat



Plough Deep non-inversion Shallow non-inversion 

STAR - Soil physical properties



Plough Deep non-inversion Shallow non-inversion 

STAR - Soil physical properties



STAR- Soil strength with respect to tillage approach.
¢ƘŜ ƛƳǇŀŎǘ ƻŦ ǘƛƭƭŀƎŜ ƻƴ ǎƻƛƭ ǎǘǊŜƴƎǘƘ ŦƻǊ ǘƘŜ ΨŎƻƴǎƛǎǘŜƴǘ 
ǎȅǎǘŜƳǎΩ ǊŜǎǳƭǘŜŘ ƛƴ ǎƻƛƭ ǎǘǊŜƴƎǘƘ ŘƛǾŜǊƎƛƴƎ ŀǘ ŎΦ7.5 cm in 

the shallow tillage (cf. plough tillage) and remains at 
around 20% tighter at depths between 15 and 35 cm. 

With regard to soil strength, the shallow tillage approach resulted in a 
tighter soil profile (>15 cm) compared with the plough or deep approaches. 
(REF: Morris et al., ISTRO, 2018)



Yield as % plough in each rotation and cumulative margin, £/ha  2006-2018

Relative yield (%) (cf. plough)  

Winter Spring Cont. Wheat Alt Fallow Average

Plough 100 100 100 100 100

Deep 91 (98) 96 97 99 96 (98)

Shallow 89(95) 89 (93) 101 99 95 (97)

Cumulative margin (£/ha)

Plough 8228 5621 (5859) 5647 4783 6070

Deep 8145 (8504) 5808(5994) 5692 5267 6228

Shallow 6772 5720 (6040) 6353 5134 5995

Average 7715 5716 5897 5061 -

STAR yields and margins

Where there were failed crops the calculated relative yield or margin 

with these failures excluded is shown in brackets (yield/margin)



STAR - Soil chemical properties - Soil organic C 

Final Report: AHDB PR574 (2017)
ΨtƭŀǘŦƻǊƳǎ ǘƻ ǘŜǎǘ ŀƴŘ ŘŜƳƻƴǎǘǊŀǘŜ 
sustainable soil management: 
integration of major UK field 
ŜȄǇŜǊƛƳŜƴǘǎΩ

JC Mann 
Trust



Long-term report : 10 key findings
1. STAR system and rotation choices have had an agronomic impact on factors including 

mycotoxin risks and weed burden (notably bromes in non-inversion wheat systems). 

2. Shallow non-inversion tillage is leading to progressively tighter soils in the continuous wheat 
rotation and across the winter and spring cropping rotations. 

3. Considering yields over all crops in the rotation, the difference between cultivation systems 
is small, however, of the consistent systems, ploughing is tending to give the highest yields. 

4. While ploughing might give high yields, of the consistent cultivation systems across seasons, 
the highest margins have been associated with the deep non-inversion system: although 
again differences are relatively small. 

5. A variable managed approach (an informed decision each season based on soil, season and 
agronomic drivers), has performed similarly to the deep non-inversion system. 

wŜǇƻǊǘ ŀǾŀƛƭŀōƭŜ ƻƴ bL!.Ωǎ ǿŜōǎƛǘŜΥ
http://www.niab.com/pages/id/292/Farming_S
ystems

6. Considering wheat alone across seasons, for the consistent cultivation systems, there is 
little yield difference, with deep non-inversion systems resulting in the highest margins.

7. Findings perhaps suggest that tillage decisions are more critical in break crops and also 
highlight the value of informed soil management decisions to maximise performance. 

8. Cumulatively, STAR rotational choices have tended to have a bigger impact on margin 
than primary tillage decisions; with winter cropping rotations giving the higher margins. 

9. Consideration of timeliness and speed of working across the farm, as well as yield and 
margin, is critical when scaling findings from STAR up to a farm level. 

10. One key finding is how much we owe to the supporting Trusts, the STAR advisory group 
and notably our site host John Taylor; without their input this project would not happen 

http://www.niab.com/pages/id/292/Farming_Systems


Rotations experiment 
3 Rotations:
1. Winter cropping
2. Spring cropping
3. Mixture of the two

4 cover crop treatments  
1. standard practice (stubble)
2. legume (clover) bi-crop
3. legume mix cover crop
4. non legume cover crop

N strategies
1. no nitrogen (N)
2. 50% standard N dose 
3. 100% of standard N dose  (220kg/ha WW)

Cultivations experiment 
4 cultivation systems 
1. Plough
2. Deep non-inversion (20cm)
3. Shallow non-inversion (10cm)
4. Managed approach

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

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

Delivered through NIAB TAG supported 
by the Morley Agricultural Foundation 
and The JC Mann Trust 

The New Farming Systems 
Experiments

Soil amendments experiment
3 rotations 
1. Spring breaks 
2. Spring breaks  + cover crop
3. Cont. Wheat (spring breaks 2018 

onwards)

With or without 35t ha of compost  (applied 
annually between 2008 and 2011) 


