
Rotations, Direct Drilling 
and the rest 



Mid Pilmore, JHI 

STAR, NIAB TAG 

Centre for Sustainable 
Cropping, JHI 

Mid Pilmore and CSC 

STAR 

New Farming 
Systems 

JC Mann Trust 

Key long term arable system studies 

NFS, NIAB TAG 

Other more recent studies include 
rotational projects on trafficking at 
Harper Adams University and NIAB TAG 
members work on the longer term 
impacts of direct drilling systems.   
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STAR Project  
(Sustainability Trial for Arable Rotations)  

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

 

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

 

= 16 treatments 

X 3 replicates 

Cropping 

Rotation 2006 

(Year 1) 

2007 

(Year 2) 

2008 

(Year 3) 

2009 

(Year 4) 

2010 

(Year 5) 

2011  

(Year 6) 

2012  

(Year 7) 

2013  

(Year 8) 

2014 

(Year 9) 

2015 

(Year 10) 

1 Winter  

cropping 

WOSR Wheat Winter  

beans 

Wheat WOSR Wheat Winter  

beans 

Wheat WOSR Wheat 

2 Spring  

cropping 

Spring  

Beans 

Wheat Spring  

Oats 

Wheat Spring  

Beans 

Wheat Spring  

Linseed 

Wheat Spring  

Oats 

Wheat 

3 Cont wheat Wheat Wheat Wheat Wheat Wheat Wheat Wheat Wheat Wheat Wheat 

4 Alt fallow Fallow Wheat Fallow Wheat Fallow Wheat Fallow Wheat Fallow Wheat 

X 

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. 

http://www.hgca.com/content.template/0/0/Home/Home/Home.mspx


Cumulative long term trends in yield data 
Years 2006-2014 

 Relative yield return  

(relative to ploughed approach) 

 

 Winter Spring Cont Alt 
Fallow 

Average  

Plough 100 100 100 100 100  

Managed 95 103 108 92 99  

Shallow 92 92 100 97 95  

Deep 99 97 97 98 98  

Average - - - -   
 



Cumulative long term trends in yield and margin data 
Years 2006-2014 

 Cumulative gross margin minus 

machinery cost (£/ha) 

 

 Relative margin  

(relative to ploughed approach) 

 Winter Spring Cont Alt 
Fallow 

Average  Winter Spring Cont Alt 
Fallow 

Average 

Plough 5367 3130 3332 2333 3541  100 100 100 100 100 

Managed 5278 3552 3981 2062 3718  98 113 119 88 105 

Shallow 4559 3197 3571 2350 3419  85 102 107 101 99 

Deep 5733 3280 3274 2382 3667  107 105 98 102 103 

Average 5234 3290 3540 2282         
 



Mean yield data for winter wheat in STAR over years 1-8 
expressed as t/ha and as a % of ploughed yields  

Cultivation   Rotation 

Mean yield (t/ha) 

  

Mean  

(W&S) 

Mean  

(all)     

Mean 

(all) 

Plough 8.94 8.15   Winter 8.82 

Managed 8.79 8.08   Spring 8.87 

Shallow 8.64 7.91   Cont 5.99 

Deep 9.01 8.12   Alt Fallow 8.59 



Wheat crop yields following non-inversion tillage 
compared to ploughing.  

 

Mean of 4 crop rotations and 4 seasons (2007, 2009, 2011 & 2013). Mean winter 
wheat yield (% of ploughed)  

 
 

Primary Cultivation   2007  2009  2011  2013 Mean   
 
Plough     100  100  100  100 100  
Deep non-inversion   89  107  109   96 100 
Shallow non-inversion   86  106  108   93 98 



Wheat crop margins following non-inversion 
tillage compared to ploughing.  

 

Mean of 4 crop rotations and 4 seasons (2007, 2009, 2011 & 2013). Margins 
calculated as gross output minus direct inputs and machinery costs based on 

spot prices in the year of production.  
 
 

Primary Cultivation   2007  2009  2011  2013 Mean   
 
Plough     645 217 432 651 486 
Deep non-inversion   569 306 538 650 516 
Shallow non-inversion   541 297 538 619 499 



Sub-cast 

Plough 

Shallow cult 

http://www.hgca.com/content.template/0/0/Home/Home/Home.mspx


Oilseed rape crop yields following non 
inversion tillage compared to ploughing.  

 

Mean OSR yield (% of ploughed)   
 
 
Primary Cultivation  2006  2010  2013 Mean  Mean  
      Yield Margin  
       (£/ha) 
Plough    100  100  100 100  513 
Deep non-inversion  89  102  100 97 557 
Shallow non-inversion  86  97  81 88  476 
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Cumulative margin accumulation - 
cultivation 

0

250

500

750

1000

1250

1500

1750

2000

2250

2500

2750

3000

3250

3500

3750

4000

4250

4500

4750

5000

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9

£
/h

a

Plough Managed Shallow Deep



Soil moisture infiltration rates (2009)  
The impact of cultivation on infiltration rate (mm) 



Alternate wheat fallow - 11th Feb 09 

Spring cropping - 11th Feb 09 



Soil structures at STAR project 
Clay loam – Beccles/Hanslope series 
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Figure showing Fusarium analyses of all plots. As 
carried out by Harper Adams University 

CV% 6.1   
 
Unfit for human consumption = 1250ppb 



Farming Systems Research 
• Impacts on soils becoming apparent over time 

– notably changes in penetration resistance with cultivation 

– irrespective of rotation systems the shallow tillage systems are resulting 
in soils getting progressively tighter   

• Other agronomic changes also apparent, including  
– changes in grass weed burden with respect to system 

– impacts of rotation and cultivation practice on mycotoxins 

• General trends? 
– Rotations: winter cropping rotation system has delivered the greatest 

return 

– Yields: ploughing has generally resulted in the highest yields  

– Margins: the deep non-inversion and managed systems are delivering 
the highest mean margins across the rotations 

• System performance 
– changing over time and needs careful interpretation  

– true system changes or response to other seasonal drivers? 

 



Grass-weed ingress in the STAR project. 

• Grass weed pressure  
– varied in relation to rotation and cultivation strategy 
– highest in the non-inversion continuous wheat 

• A brief history 
– project outset no grass weed issues 

– 2007: grass weeds were present but not an issue. 
– 2008: grass weed head numbers in continuous wheat were around 15 

heads per m2 in non-inversion treatments (meadow brome, black-
grass and wild oats) 

– 2009: despite targeted herbicide programmes, continuous wheat 
non-inversion treatments had 22 (deep non-inversion) – 45 (shallow 
non-inversion) grass weed heads per m2 (mainly brome). 

– 2010: < 6 brome heads per m2 were recorded in continuous wheat 
non-inversion plots, but at a herbicide cost > £100 /ha 

– In continuous wheat inversion plots and all other rotations grass 
weed numbers have remained low and easier to manage. 

• The grass weed issue has developed in only 5 years 



Sterile Brome control in WW 
Trt 

Number 

Autumn Post-em (Weed @1-3 leaves) 

24th Oct 2013 

Spring (‘start of spring growth’) 

10th March 2014 

1 Untreated Untreated 

2  Atlantis @ 0.4  - 

3 -  Atlantis @ 0.4  

4 UNITE 270 @ 0.27  - 

5 - UNITE 270 @ 0.27   

6 Broadway Star @0.265  - 

7 - Broadway Star @0.265  

8 - Attribut @ 0.1  

9 - Monitor @ 0.025 

10 - Pacifica @ 0.5  

11 Broadway Star @0.265 + Firebird @ 0.3 - 

12 Broadway Star @0.265 + Defy @ 3.0 - 

13 Broadway Star @0.265 + Stomp Aqua @ 2.9 - 

14 Untreated Untreated 

15    Atlantis @ 0.4 + TTLplus @ 0.5 

16    Atlantis @ 0.4 + TTLplus @ 1.0 

17   Broadway Star @0.265 + TTLplus @ 1.0 

All following Liberator (0.6) + PDM (660g a.i.) pre-emergence 



Sterile Brome control in WW 

 

 

Comparing autumn and spring application of three  

ALS inhibiting herbicides 
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This shows the results from treatments 3 to 7 comparing the autumn and spring application of three herbicides.  



Sterile Brome control in WW 

 

 

Comparing six different ALS inhibiting herbicides  

(all applied in the spring). 
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This shows the results from treatments 3,5,7,8,9 and 10 comparing a range of herbicide products when applied in the spring.. 

 



Sterile Brome control in WW 
Adding additional products/actives to an ALS herbicide  

to improve control. 
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Broadway Star

Broadway Star + Firebird

Broadway Star + Defy

Broadway Star + Stomp Aqua

This shows the results from treatments 6,11,12 and 13. Data are taken from the table in section v. 



Sterile Brome control in WW 

• Pyroxulam based products outperform 
meso/iodosulfuron ones (e.g. Atlantis). 
• The difference is much less pronounced when 
applied in Spring rather than Autumn. 
• In the spring Pacifica actually gave best control 
from an ALS but based on an overview of data so far 
we’d still recommend pyroxulam (as Broadway Star). 
• Monitor (sulfosulfuron) & Attribut 
(propycarbazone) disapointing. 
• When tank-mixing the ALS with a residual not good 
 



• Higher ear numbers where cover crops were used 

• Increases in margin over input costs in cover crop comparisons 

• £52/ha (comparing shallow tillage ± radish)  

• £98/ha (comparing ‘plough - cover crop’ to ‘shallow tillage + cover crop’).  

• Does not include cover crops costs. 
  

Costs based on spot prices in the year of production: wheat (£175/t), diesel (£0.68/L) and fert (£0.85/kg N). 

Cover crop (CC) 

- CC 

£ ha-1 

+ CC 

£ ha-1 

Plough 1210 1194 

Deep non-inv 1279 1278 

Shallow non-inv 1256 1308 

Managed 1255 1260 
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New Farming Systems research using cover 
crops for bio-cultivation (winter wheat, 2012) 



The impact of cultivation and cover crop 
on OSR yield (t/ha) 2014 

LSD (all): 0.48 t/ha 
CV: 8.3% Mean yield loss ca. 6% 



Summary cover crops 

• Russell Mckenzie Nuffield Scholar ‘Success with no 
till under any conditions’ 

• Good soil conditions help maintain themselves. 

• Poor conditions need correcting 

• Cover crops have a role but don’t buy the hype! 

• Patience and flexabilty 

• Rotational changes will help 


