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Key external stakeholders:  
 Arable crop growers 

 Crop agronomists/advisors 

 Researchers 

 Policy makers 

 Industry 
 

 

Practical implications for stakeholders: 
The outcome of this work clearly indicates that there is scope to adopt low-intensity non-inversion crop 
establishment systems to establish oilseed rape.   This will result in:  

 More timely crop establishment, with less labour and lower costs, in the narrow autumn sowing 
window. 

 Similar crop performance and yields to plough-based systems, but with a slight production risk in 
certain situations. 

 Little impact on overall greenhouse gas (GHG) emissions. 

 Improved rotation crop options. 
 

 
 

Main results:  
 Strip-till established winter oilseed rape (OSR) crop performance equalled that of plough-established 

crops in 4 out of 6 comparisons.  Min-till systems also established crops satisfactorily. 

 Oilseed rape’s yield potential was only limited by row width when 750mm wide rows were used, 
indicating that commercially available wide-row systems  would not impede performance.  

 While, N2O emissions from strip-till systems were higher post fertiliser application, than from plough 
based tillage, N2O emissions of OSR were lower than IPCC default values,. As CO2 emissions were 
lower following strip-till cultivation, the overall impact of this system on GHG emissions was small. 

 Novel molecular studies of the microbiome of oilseed rape showed that tillage system influenced the 
microbial community structure.  In a separate study increases in the specific soil bacteria species 
which inhibits the cereal take-all fungus, were recorded following the use of OSR in rotations; this 
pseudomonas species was also impacted by tillage system.   
 

Opportunity / Benefit:  
There is scope to adopt lower cost, labour-saving and faster oilseed rape establishment systems which will 
result in reduced production costs, a neutral GHG impact, more timely sowing and less intensive soil tillage.  
 

Collaborating Institutions:   
UCD,   Carlow IT 

Alternative Crop 
Establishment 
Systems 
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Teagasc project team: Research: Dermot Forristal (project leader), Gary Lanigan, John Spink,  

PhD Students: Rosin Byrne, MacDara O’Neill, Ridhdhi Rathore. 
Technical staff: Kevin Murphy, Frank Ryan 
 

External collaborators: Tom McCabe (UCD),  Kieran Germaine (IT Carlow), Bruce Osborne (UCD) 
 
 

1. Project background:   
Conventional crop establishment based on plough-based soil cultivation is time consuming and expensive, 
and may be less sustainable from carbon balance and soil quality perspectives than non-inversion systems.  
Reduced cultivation establishment, which includes a range of non-inversion soil cultivation systems, have 
shown benefits in many regions of the world; however their performance in terms of crop establishment and 
overall economic performance is dependent on regional factors such as climate, yield potential and weed 
challenges.  Previous work on cereals in Ireland indicates that minimum tillage can give satisfactory yields 
with winter crops in most seasons but wet autumns and grass weeds can challenge the system.  The need 
for break-crops has increased industry interest in oilseed rape.  The early sowing date of the winter crop, 
coupled with its ability to produce satisfactory crops from low establishment rates, indicates that there may 
be benefits from adopting fast, low-cost, low soil disturbance crop establishment systems. Minimum tillage 
and wide-row strip tillage systems were evolving at the time of project inception, but there was no information 
relating to their impact on crop performance, on soils or on greenhouse gas emissions in our climate.  At a 
time when rotation and break crops need to be promoted, the aim of this project was to assess the role of 
low disturbance tillage systems on crop performance, greenhouse gas emissions and soil microbiology. 
 

2. Questions addressed by the project: 

 Does a wide seed row spacing, as used in strip-till systems impact on the growth, development and 
yield of oilseed rape? 

 Do reduced cultivation systems (min-till and strip-till) impact on crop growth and yield. 

 Do wide-row strip-till established crops require different crop management? 

 Are green-house gas emissions from oilseed rape impacted by crop establishment system? 

 Is the soil and plant microbiome impacted by the establishment system used in OSR? 

 

3. The experimental studies:  
A comprehensive field trial programme which consisted of three different field experiments was carried out 
on different sites over three years.  This series of experiments provided the basis for the crop, greenhouse 
gas and soil microbiome studies.  Experiment 1 compared seed row widths of 125mm, 250mm, 500mm and 
750mm, evaluated with four seeding rates from 10 to 60 seeds/m

2
 with both conventional and low biomass 

variety types.  Experiment 2 compared establishment systems including: plough-based with power harrow / 
drill combination sowing at both 125mm and 600mm row widths;  shallow min-till with cultivator drill sowing at 
125mm and 600mm widths and strip-till seeding at 600mm only, with tines working at 200mm deep.  
Different N management strategies were evaluated during these studies also.    Experiment 3 compared the 
fertilizer N needs of a conventional plough-based establishment system and a strip-till system where 5 levels 
of Spring N application with and without an autumn application were evaluated.  All field trials had four 
replications in a randomized block design. 

 Detailed assessment of crop establishment, seasonal crop growth, final seed yield and the 
components of yield were carried out in each of the nine experimental sites to determine the impact 
of the experimental treatments on the agronomic performance of the crop.  

 Soil CO2, N2O and CH4 emissions were measured using static chambers on selected treatment 
combinations from the nine field experiments and the overall impact on carbon status was 
calculated.  Also the impact of an oilseed rape crop on ecosystem CO2 change was monitored 
continuously over the main growth period using micrometeorological sensors. 

 To study the effect of tillage systems (plough-based tillage vs strip-till) on the microbiome, soil and 
plant samples were taken at three different growth stages from experiment 3 and DNA was extracted 
and sequenced.  Separately the presence of Pseudomonas species which produce the antimicrobial 
compound 2,4-DAPG, which is associated with reducing take-all inoculum in rotations, was 
quantified. Soils from crops at different points in a crop rotation, and subjected to different tillage 
systems, were assessed for these pseudomonas species using quantitative PCR techniques.  
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4. Main results:  
The crop performance trials indicated that: 

 The impact of row width on crop performance was limited with no difference between row widths 
from 125mm to 500mm in any season.  In two of the three trials sowing at row widths of 750mm did 
not negatively impact on yield but at one site the 750mm spacing reduced yield by about 6%.  There 
was no interaction between row width, variety type and seed rate. 

 Seed rates as low as 10 seeds/m
2
 did not impact negatively on yield on sites where post winter plant 

green area index (GAI) was > 0.5, but where pigeon damage reduced GAI to <0.25, the low seeding 
rate treatments did not recover their yield potential. 

 The undried weight of biomass can be used as an accurate assessment of plant green area and 
accuracy is improved if different equations are used for pre- and post- stem extension phases of 
growth. 

 Where the two systems; plough-based crop establishment at 125mm row and strip-till at 600mm 
were compared on 6 site seasons, at 4 of those, there was no significant difference in final yield, with  
plough-based establishment having a yield advantage (<8%) on two occasions. 

 In the specific trials where plough, min-till and strip-till establishment were compared, there was no 
significant difference in crop yield between them although establishment was usually higher with 
plough-based systems. 

 There was no evidence of the need for different N rates with strip—till compared to plough 
establishment, nor did alternative N management strategies based on canopy development or the 
use of growth regulators impact on yield. 

 While soil CO2 emissions were higher immediately after plough-based crop establishment compared 
to strip-tillage or min-till, cumulative CO2 emissions (10 months) were not impacted by tillage system 
or row spacing.   

 N2O emissions were highest immediately following fertiliser application on min-till and strip-till plots 
under high soil moisture conditions but cumulative emissions were not impacted by tillage or row 
spacing. However when expressed as proportion of N application, N2O emission factors were higher 
with strip-till than with conventional tillage. Overall though, N2O emission factors were much lower 
than the default IPCC value of 1%. 

 Seeding rate, row spacing, and variety type had little impact on CO2 or N2O emissions with the 
exception of the lowest seeding rate when used with the low biomass variety, where N2O emissions 
were higher. 

 Oilseed rape acts as a C sink, i.e. it accumulates C during leaf and pod development, but temporarily 
loses C during flowering. The rate of carbon uptake declines as the pods mature with the field 
becoming a C source (C loss) 4 days after desiccation. 

 The root, shoot and soil microbiome associated with OSR were found to evolve as the plants 
develop. The tillage system used also impacts on these microrobial communities, and consequently, 
has the potential to influence the relationship between the microbiome and the OSR plants.  The 
study showed that with wheat, crop rotation in combination with strip-tillage increased the population 
of pseudomonas species that inhibit the take-all pathogen, compared to monoculture. 

 

5. Opportunity/Benefit: 
The results clearly show that oilseed rape can be satisfactorily produced following establishment by a range 
of systems.  Row spacings of up to 500mm are not yield-limiting and indications are that the widest 
commercial spacing of 600mm is unlikely to impact on yield. While the simplest and fastest establishment 
system, strip-till was not quite as consistent in producing high establishment rates, or yield, as plough-based 
systems, the final yield differences were infrequent and relatively small. Fast work-rate, low labour 
requirement and reduced crop establishment costs make these systems ideal where the crop needs to be 
established in a narrow work window, where cereal harvest activities are competing for labour and machinery 
resources.  Other minimum tillage systems also have scope to reduce the costs of oilseed rape 
establishment and to establish the crop quicker than ploughing.   
 
The importance of achieving adequate green area cover early in the spring was illustrated by the seeding 
rate results.  If low or uneven plant populations are grazed by pigeons recovery may not be complete 
whereas with adequate plant numbers (30 plants / m

2
 or more), recovery after grazing is quicker.  Where 

pigeon grazing is a risk, very low seed-rates or any system that risks producing low plant numbers should be 
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avoided.   While the plough-based and strip-till systems performed similarly under different N rate and N 
management strategies, the results indicate that there may be scope for reducing N application on certain 
sites.  As the use of canopy management approaches will help more precisely determine the crops N 
requirements, the availability of relationships between crop biomass production and green area index 
development will improve our application and understanding of these approaches.      
 
The CO2 and N2O emission patterns are not unlike that of cereals where ploughing can lead to increased C 
loss but strip-till and min-till can lead to temporarily increased N2O emissions. This work indicates that 
despite strip-till giving an N2O emission factor that is 0.4% greater than conventional tillage, the overall 
impact of cultivation system on GHG emissions from OSR is small and the emission factors recorded with 
OSR were lower than the IPCC defaults.  These results indicate that these low cost systems can be adopted 
with some limited potential benefit to soil C retention, but an overall neutral impact on GHG emissions.  It 
also suggests there may be scope to have lower emission values attributed to OSR production in Ireland and 
that some management factors will influence emissions. 
 
The molecular microbiome studies illustrate the potential to identify the microbial communities associated 
with plants and the soil and how they may be influenced by how we manage crops and the soil. As plants 
and their associated microbiota evolved together, and are mutually beneficial, it is important that we 
understand this relationship and how management may impact on it.   The discovery of elevated beneficial 
pseudomonas species, which help control take-all, furthers our understanding of the complex take-all cycles 
which are impacted by rotation and management.  This may improve our future ability to predict and manage 
take-all levels in cereals. 
 

6. Dissemination: 

 
Main publications: 

 Rathore R.,  Dowling D.N.,  Forristal P.D., Spink  J., Cotter P., Bulgarelli D., Germaine K.,(2017). 
‘Crop establishment practices are a driver of the plant microbiota in winter oilseed rape (Brassica 
napus L.)’. Frontiers in Microbiology. DOI: 10.3389/fmicb.2017.01489. 

 Rathore R.,  Dowling D.N.,  Forristal P.D., Spink  J. Germaine K. (2018). ‘Meta-omics approach to 
unravel the endophytic bacterial communities of Brassica napus in response to agriculture practices.’ 
In, Prof. Trevor Hodkinson; editor, Endophytes: for a growing world. Cambridge University Press, 
UK. (Book chapter) 

 O’Neill, M., Gallego, Lorenzo, L., Lanigan, G., Forristal, P. D. &  Osborne, B. A. (2020). ‘Re-
evaluation of nitrous oxide emission factors in arable and grassland ecosystems.’ Journal of 
Integrative Environmental Sciences, (Submitted September 2019) 

 O’Neill M. (2018) ‘Impact of cultivation techniques on greenhouse gas fluxes in winter oilseed rape 
(Brassica napus L.) cropping systems’, PhD Thesis, University College Dublin, Ireland. 

 Rathore, R. (2018) ‘Investigating the impact of soil tillage and crop rotation on the bacterial 
microbiome associated with winter oilseed rape (Brassica napus L.) under Irish agronomic 
conditions’ PhD Thesis, IT-Carlow, Ireland. 

 Byrne, R. (2019).   ‘The impact of crop establishment system in combination with key management 
inputs on the growth, development and yield of winter oilseed rape’.  PhD thesis UCD. 

 
Posters / conferences 

 Rathore R.,  Dowling D.N.,  Forristal P.D., Spink  J., Cotter P., Bulgarelli D., Germaine K. (2016). Soil 
tillage as a driver of oilseed rape microbiome. IS-MPMI XVII Congress-2016, Portland, Oregon, 
USA.  

 Byrne, R. McCabe, T. Forristal, P.D. (2016). The effect of row spacing and seed rate on the growth 
and development of oilseed rape.  Poster at 2016 Walsh fellow conference.  

 Rathore R.,  Dowling D.N.,  Forristal P.D., Spink  J., Cotter P., Bulgarelli D., Germaine K. (2017). 
Unlocking the oilseed rape microbiota assemblages through tillage practices. SUSTAIN: Endophytes 
for a growing world-2017, Trinity Collage Dublin, Ireland.  

 Byrne, R. (2017).  Oilseed rape: row spacing and seed rate.  In proceedings of the National Tillage 
conference 2017 

 O’Neill M. (2017) ‘Cultivation effects on the GHG balance of WOSR ecosystems’ SBES Seminar 
Day, June 2017, UCD, Dublin 4. 

 O’Neill M. (2018) ‘Influence of phenology on net ecosystem exchange in winter oilseed rape crop’ 
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Irish Plant Scientists Annual Meeting, June 2018, UCD, Dublin 4. 
 
 
Popular publications:  

 Crops open day 2015 Oak Park Carlow:  ‘Reduced cultivation systems for oilseed rape’. 

 Crops open day 2017 Oak Park Carlow:  ‘Alternative crop establishment systems for oilseed rape’ 

 Forristal, P.D. (2017):  ‘What cultivation system?’.  In Irish Farmers Journal Crops and Cultivations 
supplement  22nd June 2017. 

.  
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