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This series of project reports is designed to 
spotlight the latest research and thinking 
relating to a number of key agronomic 

challenges that our agronomists and customers 
face on farm.

Written by Agrii specialists and populated with 
findings from our own trials and third party 
research work, the guides will signpost practical 
solutions to improve the physical and financial 
performance of crops.

Two versions of the guide are available:

OVeRVieW RepORt – an executive summary 
version, containing general insight into the 
subject area, available to all.

FULL RepORt – a more detailed version, 
containing greater insight and information, 
available to Agrii advisers to share with their 
agronomy customers.
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Agrii R&D - innovations to keep you at 
the forefront of science & technology
Agriculture moves at a fast pace with challenges and opportunities coming from  
many different directions.  

R&D Locations throughout the UK

Agrii R&D facilities include:

  R&D sites

  iFarm location

  Weather stations

Agrii’s R&D focuses on potential 
future innovations as well 
as the “here and now”. this 

is to ensure we stay at the cutting 
edge of science and can help identify 
solutions for customers using all the 
tools available. We believe no-one else 
is approaching these challenges like 
Agrii. Agrii’s stated mission is to better 
connect up with scientific institutions to 
ensure we are working at the forefront 
of science. Over the last few years we 
have built strong links with research 
bodies, offering to be that connection 
between practical agronomy and basic 
research.

every year we invest more than 
£1million in R&D to ensure that our 
skilled Agrii agronomists are always 
equipped with, and can swiftly 
communicate, the most up to date 
intelligence, innovative technology  
and expertise. 

+ R&D experts qualified to the highest ORETO standards

+ Collaborations with key industry partners including: 
ADAS, HGCA, plant breeders, crop protection 
manufacturers, machinery experts, academic bodies

Technology Centres6
62,000

32
166

460

Trial plots across the UK:  
representing all regions and crops 

Demonstration iFarms:  
putting R&D into practice 

Weather stations

Replicated trials nationally 
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insight into Agrii
Unrivalled in R&D

Our national R&D programme represents the UK‘s leading trials facility and ensures that Agrii agronomists, together with their 
customers, receive the best intelligence to support sustainable and profitable farming in the UK. trials undertaken include:

Subject Trials locations

Variety management 206 48

Drilling dates 14 9

Seed rates 11 11

plant growth regulation 15 9

Micro-nutrients 5 3

Biologicals 1 1

Seed treatments 23 9

insects/pests 8 7

Cultivations 6 1

Black-grass management 33 7

Ryegrass management 3 2

Brome management 3 3

Annual meadow grass 
management

3 2

Subject Trials locations

Other grassweed trials 5 4

Broad leaved weed 
management

9 5

Septoria control 1 1

Yellow rust control 1 1

Rynchosporium control 2 2

phoma control 3 2

Light leaf spot control 2 2

Nitrogen management 20 8

Sulphur inputs 1 1

phosphorous targeting 4 3

potassium management 1 1

Manganese delivery 1 1

New agronomy approaches are regularly trialled on our 
demonstration and working farms. To register your interest 
visit www.agrii.co.uk
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Getting second wheat crops 
to perform
Agrii Insight Project Report No.1

Introduction

Second wheat as a crop is a challenge to maximise 
returns, with many pressures on its performance.  
However with attention to detail it can deliver, and with 

better second and alternative wheat varieties now available 
(and with quality too, such as Skyfall) it is worth a closer focus.  
Of course, take-all and other diseases can limit production in 
this part of the rotation - this review has been compiled to help 
maximise yield despite these limitations.  

Where susceptible cereals are grown consecutively, there are 
several agronomic challenges, but take-all is still arguably the 
most important in the rotation.  With current climate change 
predictions forecasting wetter winters and drier summers, the 
negative effect from take-all may increase.  Advances in seed 
dressing technology, understanding of nutrition and improved 
understanding of other factors which exacerbate the disease 
can help mitigate the negative yield impact.

As part of the “Best of British Wheat” initiative it is hoped that 
this guide, in conjunction with your Agrii agronomist’s advice 
and  technical i-Farm demonstrations being held across the  
country, will all contribute to optimum performance through a 
fully integrated approach.

i-Farm agronomy enables growers to adopt crop production 
systems that improve the overall efficiency and profitability 
of their farm business, as well as maximising returns from 
individual crops.

Agronomic challenges in second wheats

Take-all Worst in second, third and fourth 
wheat.  Subsequent wheat 
improves as take-all goes into 
decline.

 

Other cereal diseases Volunteers and stubble can 
provide inoculum and increase 
disease carryover eg brown rust, 
sharp and true eyespot.

Barley yellow dwarf 
virus

Volunteer cereals may harbour 
infected aphids which then 
transfer to second wheat crop.

Build up of grassweeds poorly controlled grassweeds in 
first wheat can mean increased 
seed burden in second wheat.

Best of  
British  
Wheat
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introduction to Take-all
Of all the difficulties outlined in the introduction, the biggest is surely the 
management of Take-all (Gaeumannomyces graminis var. tritici). 
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HGCA Recommended List (Five year mean yields)

Factors increasing Take-all symptoms include:

Climate Mild winters, wet springs, hot, dry summers

Rotation previous crops wheat, barley,  
set-aside, grass

Drilling date early drilling of previous wheat crop

Variety choice Slow developing varieties loathe to tiller / root

Soil status Low in manganese, copper, phosphate, nitrogen

Soil type  Sandy, silty or calcareous soils

This disease is endemic to UK 
arable soils with associated 
direct yield losses in winter 

wheat of 0.5 - 4 tonnes /ha.  Moderate 
to high levels of infection are most 
common (yield losses of 1-2 tonnes/ha), 
sometimes with no apparent visual 
symptoms. Crops affected include 
wheat, barley, triticale, and to a lesser 
extent, rye. typical symptoms include:

+ Blackened roots

+ Whiteheads in May / June / July

Yield is reduced because the fungus 
penetrates the centre of plant roots 
and blocks the transport of water and 
nutrients.  the fungus spreads in winter 
and spring by moving along and 
between roots with runner hyphae. 
After flowering, especially if dry, the 
plant may then die off early, leading 
to with shrivelled grain and unfilled 
heads. So both yield and quality suffer. 
On average, yield loss from moving 
from a first wheat to a second wheat is 
1.4t/ha (HGCA RL data 2013).                                            

Average 1.4 t/ha gap tending to widen 
in recent years (2014/15-1.9 t/ha)       
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 Previous cropping & effect on Take-all risk

high risk early drilled wheat (eg September)

Later drilled wheat (eg October)

triticale

Barley

moderate risk Rye

One year grass ley

Set-aside (if cover not destroyed in good time)

Oilseed rape, peas, beans, linseed (if volunteers not well controlled)

Low risk Oats (resistant, unless rare oat attacking strain is present)

Oilseed rape, peas, beans, sugar beet, linseed, potatoes  
(if volunteers well controlled)

Set-aside (providing green cover destroyed early)

two year ryegrass ley (fungal antagonist phialophora  
suppresses take-all)

Continuous cereal

Rotational position 

It is widely known that short 
rotations which prevent the field 
from developing severe take-

all, or continuous cropping with a 
single cereal species which exploits 
take-all decline (tAD) are preferred 
to intermediate rotations.  the table 
opposite indicates the risk ranking of 
previous crops:

v

Previous crop management 
This is also very relevant. Take-all has been shown to 
increase where:

+ The previous cereal crop has been 
drilled early - this allows more rapid 
multiplication of the fungus, and 
faster infection rates.

+ Host grasses have not been well 
controlled in the previous crop OR 
in the stubbles after harvest, as they 
too act as hosts for Take-all and 
allow the fungus to multiply.

Figure 1: typical take-all symptoms  

9Agri-intelligence Insight Report



Variety choice
the second wheat position is the rotational slot which drains productivity 
and can damage farm profitability unless well managed. 

In many ways choosing which 
variety to sow as a first wheat 
is relatively simple – the HGCA 

Recommended List, supplemented 
by independent yield trials from 
organisations like Agrii, give a strong 
lead.  second wheats are more complex 
- as always when choosing winter 
wheat varieties the key question will 
be‘ who will be buying the grain? So 
end use market should be always the 
starting point. then yield...

For comparative purposes, the CeL 
Recommended List trials series include 
a number of second wheat sites and 
two ranking comparisons between 
varieties may be made using this data:  

+ the relative performance of a 
variety when grown as a second 
rather than a first wheat; and

+ the actual yield performance in 
a second wheat slot. As this will 
maximise gross output, it should 
be the key starting point for variety 
selection. 

Relative performance  
Using this parameter, essentially 
indicating how well a variety tolerates 
take-all, would guide you towards 
Cordiale, Skyfall, Grafton, Solstice 
and KWS Gator. Grafton and Skyfall 
are believed to carry the pch 1 gene 
Rendezvous resistance gene to eyespot.

Actual yield performance 
Since this is what dictates gross output, 
varieties such as evolution, Dickens, 
panacea, KWS Santiago and KWS 
Kielder are all worthy of consideration.

Combining the two “The Agrii 
Assessment”. Agrii have allocated 
a point system based on the two 
assessment methods above. this 
suggests the most robust varieties are 
those which have accumulated scores 
of 5s and 6s. See table 1 below.

Table 1 – Agrii Assessment of the most robust second wheat varieties
HGCA second Wheat  v  First Wheat performance

Good second Wheats Average second Wheats Poor second Wheats

6 5 4 3 2 1

Evolution KWS Santiago Twister Panorama KWS Croft

KWS Kielder Panacea Conqueror Duxford Invicta

KWS Gator Dickens Leeds Crusoe KWS Target

Skyfall Cocoon Beluga KWS Cachel Claire

Cubanita JB Diego Zulu Gallant

Relay Tuxedo Icon Monterey

Grafton Chilton Horatio

Codiale Delphi

Solstice Alchemy

Scout Revelation

Viscount

Cougar

Myriad

  Group 1   Group 2   Group 3   Soft Group 4   Hard Group 4
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Variety ranked by 
yield

Actual yield t/ha in 
second wheat position

Points          

Evolution 9.20 3

KWS Kielder 9.18 3

KWS Santiago 9.07 3

Panacea 9.03 3

Dickens 9.00 3

KWS Gator 8.97 3

Twister 8.93 3

Conqueror 8.87 3

Leeds 8.83 3

Skyfall 8.78 3

Cubanita 8.77 3

Cocoon 8.76 3

Relay 8.74 3

JB Diego 8.70 2

Beluga 8.70 2

Zulu 8.70 2

Revelation 8.64 2

horatio 8.64 2

Icon 8.62 2

Tuxedo 8.60 2

Viscount 8.58 2

Cougar 8.57 2

Delphi 8.57 2

myriad 8.55 2

monterey 8.54 2

Grafton 8.53 2

Chilton 8.53 2

KWS Croft 8.52 1

Panorama 8.43 1

Duxford 8.42 1

Invicta 8.38 1

Cordiale 8.32 1

KWS Target 8.26 1

Scout 8.25 1

Alchemy 8.25 1

Crusoe 8.25 1

Solstice 8.19 1

KWS Cachel 8.18 1

Gallant 8.15 1

Claire  1

Variety ranked by yield 
loss as second wheat

Actual t/ha yield reduction 
second vs first wheat

Points          

Cordiale 1.70 3

KWS Gator 1.71 3

Solstice 1.74 3

Grafton 1.76 3

Skyfall 1.78 3

Tuxedo 1.78 3

Cubanita 1.79 3

KWS Kielder 1.81 3

Evolution 1.81 3

Relay 1.85 3

JB Diego 1.86 3

Scout 1.86 3

Gallant 1.87 2

Chilton 1.87 2

Panorama 1.87 2

Cocoon 1.87 2

Beluga 1.88 2

Duxford 1.88 2

Zulu 1.92 2

KWS Cachel 1.92 2

Crusoe 1.93 2

Alchemy 1.94 2

KWS Santiago 1.94 2

Panacea 1.95 2

Dickens 1.96 2

Icon 1.96 2

monterey 2.01 1

Twister 2.01 1

horatio 2.03 1

Delphi 2.03 1

Conqueror 2.05 1

Invicta 2.08 1

KWS Target 2.12 1

Revelation 2.12 1

KWS Croft 2.13 1

Viscount 2.13 1

Leeds 2.16 1

Cougar 2.23 1

myriad 2.30 1

Claire  1

Table 2 – Relative and Actual yield of wheat varieties in a second versus first wheat position (HGCA)
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Other Varietal Interactions
What other varietal factors influence 
performance of second wheat? Clearly 
high true eyespot resistance could be 
a positive characteristic, but others 
should be considered.  Competitiveness 
with grassweeds for example, is a 
desirable characteristic, especially as 
tools for controlling blackgrass in wheat 
are in decline.   early finishing varieties 
often perform well. 

Tillering / rooting
Certain physical characteristics appear 
synonymous with good second wheat 
performance – speed of development, 
a high tillering capacity and of course 
prolific root development. As second 
wheats tend to be drilled later the 
ability to accumulate biomass rapidly 
before the winter is advantageous – 
and more tillers equal more roots so 
critical in the fight against take-all.

the section on nutrition of second 
wheats is particularly important, 
because so many aspects of crop 
nourishment results in improved 
rooting.  the response to one or two 
Nutri-phite pGA applications at GS 
13 and 31 indicates rooting was much 
improved. the same applies to early 
pGRs. See figure 1.

First wheat variety choice 
(TAB traits)
Another potential impact of variety is 
the effect of first wheat variety choice 
on the growth and development of 
take-all fungus in the soil.  Within the 
recent Defra funded Wheat Genetics 
improvement Network (WGiN) a new 
trait was identified called tAB (take-all 
inoculum Build-up) which indicated 
some varieties encourage the build up 
of the take-all fungus more than others, 
increasing the risk to the second wheat.  
istabraq and Cordiale were identified 
as “good “first wheats and Napier and 
Hereward were “bad” first wheats in 
this context.
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Agrii trial on the effect of Nutri-Phite PGA  on yield of 
second wheat

Figure 1: Use of foliar phosphite on yield of second wheat

Genetic analyses by Rothamsted have 
indicated two chromosomal locations 
which may be responsible for the 
LowtAB trait and this is the subject of a 
Defra funded project to map the trait in 
more detail and use it as a diagnostic 
marker to identify “good” and “bad” 
first wheats.

in addition, Agrii are helping to 
fund a phD on the genetic basis of 
resistance to take-all which started in 
October 2013.  One element that will 
also be examined is whether or not 
wheat might be negatively affected 
by Phialophora fungi - which are 
antagonistic to take-all.

Eyespot
the first trait to look for in a variety 
to be selected as a second wheat is 
resistance to eyespot. A review of the 
HGCA Recommended List gives some 
insight but this is a difficult disease 
to assess – hence why the resistance 
ratings on the Recommended List 
are so narrow. in addition growers 
should be aware that data for recently 
Recommended List varieties is very 
limited and resistance ratings can 
change over years. those varieties with 

five years or more of data should have 
reasonably robust ratings.

Historically UK wheat varieties had 
good resistance derived from the 
French variety Cappelle Desprez. 
this resistance has been eroded in 
many newer varieties as breeders 
have seen resistance to eyespot as less 
of a priority than other key traits. in 
addition broadening the genetic base 
(which has been beneficial in terms 
of traits such as resistance to wheat 
orange blossom midge (Sitodiplosis 
mosellana) has resulted in a gradual 
reduction in resistance. A second more 
powerful resistance to eyespot has 
been selected in some newer varieties. 
this resistance (VpM), originating from 
France, first came to the market in the 
winter wheat variety Rendezvous in 
the 1970s/ 80s and is derived from a 
wild goat grass (Aegilops ventricosa) 
and is more potent than the Capelle 
Desprez resistance. Varieties carrying 
this resistance are shown on the HGCA 
Recommended List and this is a good 
starting point when looking at potential 
second wheat selection. 
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Understanding variety 
pedigrees
Variety pedigrees can give a valuable 
insight into second wheat performance. 
though Robigus was an outstanding 
variety in many ways it did have a 
major weakness in its second wheat 
performance. the variety has been 
used extensively as a breeding 
parent (primarily because of its 
excellent resistance to wheat orange 
blossom midge) and this weakness in 
second wheat performance has been 
transferred to its progeny. in contrast 
Xi19 has shown itself to be a good 
performer as a second wheat and 
many of its derivatives show similar 
resilience. Approximately 50% of 
varieties in trial have Robigus in their 
pedigrees.

NABIm Groupings 
Looking at individual NABIm groups:

+ NABIm 1 - the potential Group 1 wheat Skyfall carries the VpM eyespot 
resistance combined with resistance to wheat orange blossom midge. Many 
growers see Group 1 varieties as useful second wheats, as they recognise that 
yield potential will be compromised in a wheat after wheat situation but they can 
take advantage of the reduced yield potential to ‘capture higher protein content’ – 
taking advantage of the inverse relationship between yield and protein content. if 
Skyfall is confirmed a NABiM Group 1 wheat this would be a good strategy. the 
other group 1 wheats show little difference in their second wheat performances 
to date (though for Crusoe there is limited data so far).

+ NABIm 2 - the NABiM Group 2’s show only small differences in performance 
when sown as a second wheat. potentially the most interesting variety is 
Cordiale which is attractive to many millers/ bakers and often attracts premiums 
similar to NABiM Group 1 wheats. though susceptible to a number of foliar 
diseases its early maturity may partly explain its second wheat performance 
and this alone is a valuable characteristic for many growers.

+ NABIm 3 - Within the NABiM Group 3 varieties Cocoon is the ‘stand out’ variety. 
this is the highest yielding variety as both a first and second wheat and is a Xi19 
derivative – which gives credence to its credentials as a good second wheat. 
Most of the varieties in this NABiM group are derivatives of Robigus so growers 
should be cautious.

+ NABIm 4 (soft) - in the NABiM Group 4 varieties there are a number of varieties 
that appear to be challenged by this difficult rotational slot. the soft milling 
Group 4 list is again dominated by Robigus derivatives and though, at first 
glance, some may look promising these are mainly new arrivals on the 
Recommended List with limited datasets. Revelation is an interesting variety as 
this does have the potent ‘VpM’ eyespot resistance. 

+ NABIm 4 (hard) - in the hard milling NABiM Group 4 varieties Dickens and KWS 
Gator show promising yields as second wheats, though neither have strong 
resistance values for eyespot.
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soil type & cultivation
Soil type influences the risk of yield loss from take-all – some soil types are 
“suppressive” to the disease, whilst others are “conducive” to the disease. 

These differences can either be as the result of the 
cropping choice (causing take-all decline, or tAD) 
or a natural property of the soil which might include 

nutritional elements, fungal balance or consolidation.  
Soil type and cultivation influences the risk of yield loss  
from take–all in many ways:

+ Speed of fungal growth varies through different soils,

 –  Lighter or puffy soils allow for easier fungal spread

+ To plough or not to plough? Well consolidated seed beds 
suffer less Take-all...

 –  Crops established by minimum tillage do have an early 
exposure to the infected soil in the upper profile, but 
seedbeds tend to be firmer tending to reduce take-all 
effects, favouring root development and discouraging 
the spread of the fungus through the soil. Damage 
or structural problems that may affect rooting and 
drainage must be corrected.

 –  ploughing can be positive however, by burying the 
majority of the take-all inoculum which tends to reside 
in the top 10 cm of soil. this allows the crop to be better 
established by the time the roots reach infected soil.  
But this benefit is lost if the resulting seedbed is loose 
and fluffy.  poorly consolidated ploughed fields allow for 
take-all development.

 –  Over enthusiastic cultivation which results in 
compaction can restrict root growth and exacerbate 
take-all effects.

+ Water holding capacity

 –  the soil’s ability to hold water will influence uptake of 
moisture by the crop in hot dry summers – whiteheads 
increase on drought prone soils.

+ Availability of nutrients will vary

 –  Many nutrients will have a dramatic effect on take-all 
severity (see later section on nutrition), most notably 
manganese, nitrogen and phosphate.

+ Acidity / ph

 –  Liming to control the development of acid patches is 
important, but over liming should be avoided.  High pH 
soils, particularly light chalks, are at higher take-all 
risk and it is likely that the reduction in the availability 
of manganese is the key reason. Avoid over liming or 
lime application in the year the second wheat is to be 
grown, particularly under non inversion tillage. Lime 
should preferably be applied before a break crop or the 
first cereal.
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Figure 3 – HGCA data on effect of cultivation on yield of second 
wheat. poor consolidation after ploughing.

Do consider weed control requirements too.  
Choice of cultivation system should also take  

into consideration: 

a) the effectiveness of the herbicides used in the 
first wheat crop, 

b) the seed return, and 

c) the resistance status of any grassweeds.  

Rotational ploughing is still a useful tool to reduce the 
viability of weed seed, particularly blackgrass and 
bromes.  Stale seedbeds offer benefits if minimum 
tillage is employed – consider delaying drilling date 
to allow sufficient germination.

   TAke-home poinT 
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Q - Which soils offer 
the greatest risk?

LoWesT risk

+ Silt loams

+ Silty clay loams

+ Well structured 
calcareous clay 
loams

moderATe risk

+ Light alkaline soils

+ Sandy silt loam

+ Non-calcareous or 
de-calcified clays 
(especially after a  
wet season)

highesT risk

+ Fen peats

+ Black sands low in 
manganese

+ Mineral soils where 
long term cropping with 
grass has resulted in 
high organic matter 
content
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Drilling date & seed rate
Drill date 
there is a close correlation between drilling date and  
take-all effects.  Because take-all inoculum begins to decline 
following harvest, a short interval between harvest and 
drilling exacerbates the problem.  Delaying drilling gives 
the inoculum time to subside, providing volunteers / host 
grasses have been controlled.  this also gives an opportunity 
to manage blackgrass more effectively using stale seedbeds.  
in the trial below there was over a tonne/hectare difference 
between drilling dates.

+ First wheats should be sown earliest, long term wheats 
next and the highest risk wheats left until last.

+ target mid October as optimum for high risk category.

Seed rate
there is mixed information around choice of seed rate.  Some 
data suggests that take-all infection spreads more readily at 
very high seed rates because of the physical closeness of one 
plant to another.  in addition crops sown at lower seed rates 
tend to have a greater root mass and so can cope better with 
infection. Use of take-all seed dressings will also be more 
cost-effective.  Care however needs to be taken if the drilling 
date is particularly late or seedbeds cloddy and uneven – in 
which case higher seed rates might be needed – discuss with 
your Agrii agronomist.

+ Avoid use of too high seed rates
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Humber

Yield (t/ha)

7.45

7.35

8.60

8.39

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0

200 Seeds/m2

Batallion Panorma Viscount Scout Invicta Humber Grafton

350 Seeds/m2

Ta
ke

-a
ll

 %

Agrii trial on effect of drilling date on second wheat yield Agrii trial on effect of seed rate on % white ears
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Use of seed treatments
take-all specific seed treatments such as silthiofam (Latitude) have been on the market for 
over ten years and have considerably improved the yield recovery in risky situations.   

Other seed treatments such as 
fluquinconazole (Galmano 
/ Jockey) also deliver good 

results and have brought other 
benefits such as rust control, lodging 
reduction and improved grassweed 
competitiveness. triadimenol (tripod) 
confers some lodging reduction, a 
degree of rust activity and does reduce 
take-all, but not to the degree of 
fluquinconazole and silthiofam. tripod 
under revocation with a final sales date 
of August 31st 2014 and use up date 12 
months later.

More recently biostimulants such 
as Take-off have been introduced 
as establishment tools.  take-off is a 
specially formulated natural plant 
metabolite Oxo-pyroglutamine (pGA). 
pGA maximises the nitrogen use 
efficiency of the seedling and contains 
a nutrient complex to optimise growth 

Which seed treatment where?  
Selecting the optimum seed treatment for 
a second wheat situation depends on a 
number of factors. each seed treatment 
offers benefits that vary slightly and 
these can be best placed and prioritised 
dependent on the management 
objectives. Take-off is uniquely placed in 
that it can be co-applied with silthiofam, 
fluquinconazole and triadimenol seed 
treatments to add extra benefits in 
the areas of establishment, take-all 
management and lodging reduction.   

Latitude (silthiofam) has been proven to 
be the best seed treatment in high risk 
take-all situations with no delay in crop 
emergence. it has produced cost-effective 
yield benefits, an average 0.7t/ha yield 
increase with good improvements to 
specific weights of 1-2 kg/hl and strong 
visual effects year on year. 

and early development. Agrii has been 
trialling take-off since 2005, and it has 
shown improvements in both root and 
shoot growth. Although statistical yield 
effects have not been reliably obtained 
in all situations, stressed sites such as 
light soils and second wheats, have 
shown particularly useful benefits with 

yield increases of between 0.4 and 1.1t/
ha.  in a second wheat situation this 
is because of improved rooting which 
mitigate the symptoms, rather than any 
direct activity on the take-all fungus.  
take-off has been seen to compliment 
more specific take-all active seed 
treatments. See above. 

Fluquinconazole offers moderate take-
all control, lodging reduction through 
the shortening and strengthening of 
the subcrown internode and enhanced 
competitiveness against grassweeds. 
early season disease control, especially 
rust, is an added benefit.
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The use of seed treatments to help counter Take-all 
offer a number of potential benefits. Yields are 

moved closer to first wheats and in addition drilling 
date can be moved two weeks earlier than the optimum 
for second wheat, without further yield reduction. Some 
such as fluquinconazole also offer additional effects 
such as early season disease control and a healthier 
more competitive plant.  Finally their use can help 
offset some poor establishment methods:

Seed treatment 
comparison

Latitude Fluquin Tripod (wsl*) Take-off

Take-all activity 

Rust activity 

Lodging reduction 

Establishment 

Grassweed  
competitiveness 

   

  Excellent   Good   Little / no effect 

Figure 4: the effect of Seed treatments on Root Health (Left hand side 
with Latitude, Right hand side with no Latitude)

Summary
high Take-all pressure - (e.g. second and third wheats; those 
varieties classified as “poor” second wheats, sowings up to 
mid-October, low manganese / phosphate sites, acid soils, 
fluffy seedbeds).  

+ Use Latitude + SpD +/- take-off

high - moderate Take-all pressure + rusts: (e.g. second 
wheat if the variety is a “good” second wheat, or first wheat 
after a grassy break crop, especially if drilled early. 

+ Use Fluquinconazole + SpD +/- take-off

moderate – Low Take-all pressure + rusts: (e.g. later first 
wheat after a grassy break crop)

+ Use tripod (final sales date August 31st 2014) + SpD +/- 
take-off
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* wsl = While stocks last. Final sales August 31st 2014.

Benefit of Latitude on second wheat yield with less than 
ideal seedbed consolidation
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nutrition
As noted by David Hornby, in “take-all disease of Cereals”,  the effects of nutrition on disease 
severity is comprehensively reviewed, with the conclusion being that “Deficiencies in both 
major and minor nutrients can increase infection and exacerbate yield losses caused by the 
disease”.  Many papers have been published on the subject. taking each element one by 
one, the key take-home points are shown below.

macronutrition
Nitrogen

Effect of amount of nitrogen on Take-all severity in winter 
wheat (Widdowson et al, 1985)

Effect of N rate / timing on second wheat yields

take-all is influenced by both nitrogen 
type, dose and timing of application.  
there are two opposing effects of 
nitrogen on take-all though - whilst 
high nitrogen levels allow the crop 
to cope with root loss caused by the 
disease, in the absence of a host 
crop, high nitrogen also favours the 
saprophytic survival of the pathogen.  
On balance though high nitrogen 
increases the number of healthy roots 
reducing take-all index and yield loss.

+ Nitrogen timing: a continuous 
supply of nitrogen is beneficial in 
overcoming take-all infection, and 
second and subsequent wheats 
should be prioritised for early 
fertiliser applications.  Apply 40% 

of total nitrogen requirement in 
February or early March (subject 
to field / drainage risk, crop growth 
stage and rooting) and aim for a high 
Green Area index.  Autumn nitrogen 
could be considered (especially if 
minimum tillage and straw chopped) 
but be prepared to justify this with 
advice from a FACtS qualified 
agronomist. 

+ Nitrogen amount: rates need to 
be kept high because in addition 
to increasing numbers of healthy 
roots, due to their lower nitrogen use 
efficiency, more nitrogen is required 
per tonne of yield in second wheat 
crops compared to a first wheat.  

+ Nitrogen type: in high risk situations, 
ammonium sulphate is likely to 
decrease take-all more than other 
sources of nitrogen.  it is thought 
nitrogen in the ammonium form and 
the decrease in rhizosphere pH that 
results, reduces disease severity and 
makes manganese more available.

+ Nitrogen complexes eg Quark: 
nutrient complexes that contain 
nitrogen such as Quark (N + zinc + 
manganese) have also been shown 
both to enhance rooting biomass 
and improve nitrogen use efficiency, 
giving yield benefits of around 6% 
where nitrogen is limited.
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Phosphate 
p deficient soils tend to favour the take-all fungus, and if 
wheat is grown after a break crop in a phosphate deficient 
soil, inoculum builds up rapidly.  Addition of phosphate to a 
second crop to rectify the deficiency will not reduce the risk 
factor as the inocolum will already be present and in itself is 
not affected by the nutrient.  Severe disease occurs earlier 
in deficient soils than in soils rich in phosphate, lesions on 
roots are larger.  However Brennan (1989) found the main 
benefit of phosphate fertilizer in second wheats appeared to 
be the stimulation of root development allowing some roots to 
escape infection.

+ Achieve Index 2 before the FIRST wheat is grown: Soils 
should not be allowed to become deficient in p and an 
index of at least 2 should be achieved before the FiRSt 
wheat is grown, and then maintained. 

+ Consider applications of foliar phosphite: Applications 
of foliar phosphite such as phyte p or Nutri-phite pGA 
will help root development and reduce disease effects.  
this has given considerable benefits in both p deficient 
and p non deficient soils where phosphate uptake is 
reduced eg cold wet soils.  this approach will not reduce 
take-all inoculum, but at least it will help stimulate root 
development, allowing some roots to escape infection 
and provide a much needed source of p to the crop. 
the usefulness of this approach has been verified in 
independent Agrii and university trials.

Potassium
Some trials have suggested K fertiliser did appear to reduce 
take-all, possibly because the plant is even less able to 
utilise the available nitrogen effectively.  However the data 
is variable and more complex than with Nitrogen and 
phosphate.  Growhow sponsored trials suggest that at index 0 
/ low 1’s levels of take-all were much higher and up to a 3.5t/
ha yield response was achieved.  Chloride also appears to 
have a beneficial effect – an application of KCl will provide 
this element. 
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second wheat
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Manganese  
Numerous papers have been 
published on the link between take-all 
and manganese. it has been suggested 
that manganese has a central role in 
the development and severity of this 
disease by restricting lesion size and 
increasing root growth.  experiments 
have shown that the take-all fungus 
catalyses the oxidation of Mn from 
the plant available form of Mn2+ to 
unavailable Mn4+ in the crop root zone.  
Conditions typical of manganese 
deficiency (loose, puffy seedbeds, 
alkaline soils of low fertility, high 
OM) are also those where take-all 
can be most severe.  In fact, Take-
all severity is inversely related to 
manganese availability.  in the same 
way that high levels of stem soluble 
carbohydrates in some varieties have 
been linked to take-all tolerance, so 
have levels of manganese in the seed.  
Some varieties are better at taking 
up Mn from the soil and appear to be 
more take-all tolerant too.  treating 
seed with manganese seed dressings 
has been shown to reduce take-all, 

as has soil applied Mn. Foliar Mn 
sprays will benefit the crop in keeping 
it healthy, avoiding any restrictions 
in growth, particularly in the critical 
early part of the season and reduce the 
movement of Mn from the roots to Mn 
deficient foliage.

Copper
Copper deficient plants produce less 
lignin (as do manganese deficient 
plants), which provides a barrier 
to infection by the take-all fungus. 
Copper (again like manganese) is also 
involved in the production of phenolic 

which have anti-fungal properties.  
there are many reports in the literature 
of applications of copper fertilizer 
reducing take-all.

Organic Manure 
Use of organic manures helps to reduce 
the impact of take-all by:            

a) supplying ammonium nitrogen and 
phosphate over the winter, helping root 
growth, and 

b) improving soil structure and 
drainage.

Manage crops to promote healthy roots. Nutrition has a key role to play 
and must be given the attention it deserves. Prioritise second and 3rd 

wheats for early nitrogen and apply 40% of the total nitrogen requirement 
before the end of February. Achieve a P index of at least 2 before the 
preceding first wheat crop, and endeavour to maintain it ideally using 
a planned, managed solid fertiliser approach. Consider applications of 
foliar phosphate as and when required; and ensure crops are adequately 
supplied with both manganese and copper.

   TAke-home poinT 
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Effect of plant growth regulation  
on second wheats
there is considerable evidence to suggest that use of early plant growth regulators 
applied up to growth stage 30 can modify aspects of rooting and so reduce the impact of 
take-all infection. trials have demonstrated positive interactions between take-all seed 
treatments and growth regulators, both increasing yield in the absence of lodging.

PGR Timings in Winter Wheat

Early plant growth regulators 
applied up to GS30 can modify 
aspects of rooting by increasing 

root plate length, root plate diameter 
and overall root fresh weight  thus 
reducing the impact of take-all 
infection. trials have demonstrated 
positive interactions between take-
all seed treatments and growth 
regulators, both increasing yield in 
the absence of lodging. Furthermore 
early pGR applications can help to 
maintain tiller numbers. Anecdotal 
and trials evidence suggests this is true 

of, among others, trinexapac-ethyl or 
chlormequat containing pGRs such as 
Adjust and Meteor.  

Work by both Agrii and BASF has 
demonstrated the ability of Meteor and 
Adjust to both increase tiller numbers 
and have a significant impact on root 
production. in trials at throws Farm 
across 17 varieties, Adjust significantly 
improved root fresh weight as the 
result of encouraging a wider root 
plate and deeper rooting. throughout 
the season this impact will not only 

improve nutrient uptake but will 

also decrease root lodging risk and 

in second wheat’s helps to minimise 

the damage caused by Take-all. in 

addition, because of the breaking of 

apical dominance of the early tillers, 

25% more tillers were produced 

which made it to fertile ears than 

in the untreated. this effect on root 

development was still apparent at 

early grainfill as the crown root 

mass was still substantially larger on 

treated plants. 

22 Agri-intelligence Insight Report

Gs30-31

Shortening of internodes, 
strengthening of stem 
base and less lodging.

Gs37

Reduces cell 
division and 
elongation. 

Gs21-26

Better rooting means 
better nutrient and 
water utilisation and 
tiller retention.

Gs26-29

More crown roots, 
more even tillering 
and less lodging.



Agrii trial on root fresh weight per plant (g)

Agrii trial on root plate length per plant (cm) 

Agrii trial on root plant diameter per plant (mm)

Agrii trial on number of large stems per plant

Untreated 250
seeds/m2

0.28

0.38

+35%

+29%

0.22 0.28

Early Adjust 250
seeds/m2

Early Adjust 500
seeds/m2

LSD = 0.33

Untreated 500
seeds/m2

Untreated 250
seeds/m2

3.31
3.86

+17%
+24%

2.72
3.38

Early Adjust 250
seeds/m2

Early Adjust 500
seeds/m2

Untreated 500
seeds/m2

Untreated 250
seeds/m2

2.74
3.40

+24%
+30%

2.09
2.71

Early Adjust 250
seeds/m2

Early Adjust 500
seeds/m2

Untreated 500
seeds/m2

LSD = 0.23

Untreated 250
seeds/m2

9.51
10.82

+14%
+16%

8.04
9.34

Early Adjust 250
seeds/m2

Early Adjust 500
seeds/m2

LSD = 0.42

Untreated 500
seeds/m2

it is not just chlormequat based 
applications which have been shown 
to benefit second wheats and rooting.  
Data from professor Schubert at the 
University of Geissen, Germany (2004), 
showed that trinexapac (Cutlass / 
Alatrin / Moddus) applications:

+ Improve root / shoot ratio,

+ Improve root area and root length,

+ Increase root fineness,

+ Improve phosphate uptake,

+ Improve potassium uptake,

+ Improve nitrogen utilisation,

+ Improve water utilisation

So it can be seen that pGRs, too, play a 
part in the integrated management of 
take-all.

Early Adjust Application - Effects on roots and stems 
(mean of 17 varieties)

PGRs can play a role in root 
development.  Data suggests 

that correct choice of product 
and timing can increase root 
mass by 26% plus, root length 
by 15% and root plate diameter 
by 23% - all leading to better 
nutrient and water uptake.  This 
is especially valuable in second 
wheat or droughty situations. 

   TAke-home poinT 
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Foliar fungicide selection
there is evidence to suggest foliar applications of some fungicides can help reduce the 
yield lost to take-all. Although the benefits are variable, it is worth doing if the product 
selected is also good on the main foliar diseases of wheat, so it is a replacement for, not 
add-on to, what would be done anyway.  

Previously the main products 
demonstrating some benefits 
were azoxystrobin and 

fluoxastrobin – these affect the fungus 
directly via the soil and so application 
to moist soils or immediately prior to 
rainfall improves efficacy.  However 
the strobilurins are less efficacious on 
Septoria than they used to be and so 
require bolstering with other active 
ingredients and the rate kept high – all 
of which means the treatment can be 
expensive.

More recently the SDHi fungicides 
have been looked at in second 
wheat slots.  these appear to have 
some physiological effects on 
wheat plants conferring a degree of 
drought tolerance and extending the 
persistence of green leaf. they are also 
very good on Septoria and other foliar 
diseases and are therefore not an add-
on to normal agronomy management.  

in Agrii trials the most consistent effects 
come with bixafen – applications at t1 
improve tiller retention, particularly 
valuable in situations where water and 
/ or nutrient uptake is compromised by 
drought or take-all infection.  Being 
co-formulated with prothioconazole 
(eg Boogie) it also delivers eyespot 
suppression.

Correct choice of fungicide 
can improve the outcomes 

of second wheats.  The strongest 
physiological effects have 
been seen with bixafen as in 
Boogie, which has significantly 
outperformed the old standard, 
Fandango.
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Imtrex 0.75
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Agrii trial on second wheat fungicide  choices trial - Fungicide 
programmes  yield averaged over varieties
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Ensure good 
control levels of 
host grasses in 
previous crop 
and stubbles, and 
plant competitive 
varieties.

Weed management in the rotation
Attention to weed management within the rotation can have a number of 
both indirect and direct effects on the performance of second wheat crops.  

1) Weed control in  
preceding crops
Controlling grassweeds in the preceding 
crop that can act as hosts for the take-all 
fungus has already been mentioned.   
Of particular importance are:

+ the control of volunteers in preceding 
broad-leaved crops 

+ spraying green cover off as soon 
as possible

+ effective stubble management to 
prevent / reduce carryover

+ control of host grasses within the 
preceding crop, such as couch and 
barren brome.  (However the fungus 
can actually survive on couch after 
the foliage has been killed so it should 
be controlled prior to the break crop.)

delay drilling for 
stale seedbed  
(& reduced  

Take-all risk).  
rotate chemistry

Host grasses in 
previous crop eg. 
couch or brome

Grassweeds and/or 
volunteers in stubbles 

or set aside

Volunteer cereals in 
preceding broad-

leaved crop

2) Weed control in the second wheat crop
+ Within the second wheat itself, the benefits of good weed 

control are largely confined to maximising yield through 
reduced competition. A healthy crop growing in the 
absence of weeds is more likely to cope with low levels 
of take-all, by maximising nutrients and water uptake. in 
order to maximise grassweed control and reduce selection 
pressure on the limited cereal herbicides available, it is 
important to maximise cultural control aspects:

+ Consider ploughing to reduce viable weed seed 
especially if high weed seed return in first wheat, but 
consolidate well afterwards.

+ Delay drilling to allow the use of stale seedbeds as well as 
allowing some degradation in the viability of the take-all 
inoculum.

+ When deciding on herbicide programmes, consider 
rotating herbicide types especially where seed return 
from the first wheat was high due to grassweed resistance.  

+ Agrii trials have indicated varieties may be characterised 
by their competitive nature as shown in the table to the 
left.  this is also part of an Agrii sponsored phD project at 
Rothamsted experimental Station.

Ranking Comments Variety

H Not competitive.  Consider 
ploughing before drilling second 
wheat.  employ fluquin seed 
dressing.  Use heavy weight pre-
emergence herbicides, and add 
Backrow adjuvant to improve 
performance.  prioritise for Aut 
post-em spraying with Atlantis 
/ Hatra.

eg. 
Grafton, 
panorama, 
Hereward, 
Soissons

H H Not very competitive.   
Follow guidelines above.

eg. Claire, 
Alchemy, 
Solstice, 
Dickens

H  
H H

Averagely competitive.  Still use 
a comprehensive pre-emergence 
programme + Backrow.  Less 
critical to spray Atlantis /   Hatra 
pre Christmas.

eg. KWS 
Kielder, 
Gravitas, 
Crusoe, 
Viscount

H H  
H H

Competitive variety.  Could leave 
out Backrow with pre-emergence 
herbicide, of Atlantis / Hatra until 
post Christmas if necessary, 
depending on resistance.

eg. 
Cocoon, 
KWS 
Santiago, 
Gallant, 
KWS Croft

  TAke-home poinT 

Weed Control Priorities

Table 3 - Relative competitiveness of different varieties 
against grassweeds
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mAximising  

second wheat yield

Summary

We hope this Report has 
given you an insight into 
how to maximise wheat 
yields in this part of the 
rotation.  By approaching 
the challenge in a step – 
wise fashion we believe the 
yield gap between first and 
second wheats can  
be closed.
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Choose a 
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2nd wheat 
actively 
managed

2nd wheat 
poorly
managed

+ SELECT variety carefully

+ DO NOT drill too early;  
nor at too high a seed rate

+ CONSOLIDATE seedbed well

+ USE silthiofam or fluquinconazole  
seed treatment

+ NEVER drill prior to October unless 
seed is dressed with a specialist 
seed treatment

+ PRIORITISE second wheat for  
nitrogen, apply 40% in Feb

+ ACHIEVE P index 2 before first wheat

+ MANAGE CROPS to develop healthy 
roots (NutriPhite PGA, Mn, early PGR, 
Quark and Phyte P)

+ CONSIDER a stembase active  
foliar fungicide at T1

+ CONTROL HOST GRASSES in 
preceding & current crop

+ LOOK AT gross margin  
across the rotation

Agri-Intelligence moves second wheat yields closer to first wheat yields
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Thank you for reading this 
Agri-intelligence Insight 
Report. We hope you found  
it useful. 

please note that the content within 
this document does not represent 
advice, which should always be 
tailored to local situations. please 
speak to your adviser for more 
detailed information on any of the 
topics covered.

Thank you
Connect with the A  gri-intelligence network

if you would like to learn more about Agrii, we invite you to connect 
with us in any of the following ways:

+ Via our Agronomy and advisory teams – we have 300 agronomists 
throughout the UK who can advise on all aspects of modern crop 
production, and also seed and nutrition specialists.

+ At an Agrii iFarm event – we have 32 locations where, in conjunction 
with our host farmers, we demonstrate the latest technologies and 
production techniques. Lively events provide an opportunity to meet 
other farmers and quiz industry experts.

+ On AgriiPlus – a comprehensive information database available to 
our agronomy customers (more details from your Agrii agronomist).

+ At www.agrii.co.uk – for more information, to check your local 
contacts or to ask us a question. Visit regularly for news and details of 
our events.

+ On Twitter – @AgriiUK – for regular updates.

+ Sign up for our email newsletters – eBulletin is a monthly update or 
eJournal for news and information relevant to your region.

+ Speak to our Customer Services Team – with any queries  
on 0845 6073322



Registered Offices:
Agrii is the trading name of Masstock Arable (UK) Ltd. and United Agri products Ltd.  
Registered office is Andoversford, Cheltenham, GL54 4LZ.
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