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1. Abstract

Reduced tillage farming systems are increasingly being adopted across the UK, and there is a 

need to understand their impact on soil nitrogen supply (SNS) for autumn sown crops. The aim of 

this review is to establish whether autumn applications of manufactured N fertiliser for winter 

cereals and over-wintering cover crops are required under no-till or shallow min-till conditions. The 

primary applied N source considered was manufactured N fertiliser. Evidence from peer reviewed 

publications and relevant industry data was used. The review covers; i) autumn crop N demand, ii) 

autumn N supply, iii) ability of the crop to acquire N, iv) evidence for the effect of autumn N on crop 

performance and nitrate leaching, v) conclusions, vi) knowledge gaps and how to fill them. 

The difference between autumn crop N demand and the expected N supply (i.e. from the planted 

seed, atmospheric deposition, soil mineral N (SMN) and mineralisation of soil organic matter and 

crop residues) under no-till conditions was estimated for winter cereals and winter cover crops. No-

till reduced the amount of SMN by 5 to 25 kg N/ha, equalling a 6-29% reduction in the median 

autumn SNS. There was very little experimental evidence demonstrating the effect of autumn 

applied manufactured fertiliser N on winter cereal crop performance and nitrate leaching under no-

till or shallow min-till conditions, with 15 relevant experiments in total of which only three included a 

no-till treatment. Under no-till conditions, there was no evidence that autumn applied manufactured 

fertiliser N increased winter cereal crop yield. One shallow min-till experiment found increased 

wheat yield following autumn fertiliser N application, but whether the same could have been 

achieved by altering the spring N application was not tested. Autumn applications of manufactured 

fertiliser N to cover crops increased crop N uptake, but usually under half of the applied N was 

taken up. The review concluded that autumn SNS for no-till systems will be sufficient to meet the 

demand of most winter cereal crops and for winter cover crops to achieve 50% ground cover. 

Several factors (soil moisture, quantity and residues, crop type, availability of other nutrients) will 

also affect crop performance under no-till systems. There was some evidence that autumn 

applications of manufactured N fertiliser to cover crops increased weed numbers and nitrate 

leaching. A nitrate leaching model predicted that autumn applications of manufactured fertiliser N 

(30 kg N/ha) would increase nitrate leaching by 7 to 12 kg N/ha for cover crops or cereal cash 

crops respectively under low leaching risk scenarios (early crop establishment and low over-winter 

drainage), whereas all of the applied autumn N could be leached in high leaching risk scenarios.  

Overall, the review concludes that ‘there is insufficient evidence to change autumn N 
guidance for no-tilled crops’. However, further research is required to improve the guidance for 

no-till crops, in particular; the effect of reduced soil disturbance on the availability of all main plant 

nutrients, how best to manage crop residues in no-till systems, the impact of no-till systems on 

nitrate leaching losses and spring fertiliser management in no-till systems. 
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2. Introduction

The 2017 edition of the AHDB Nutrient Management Guide (RB209) for England and Wales 

recommends that there is no requirement for seed bed nitrogen (N) for winter cereals or cover 

crops established before winter. For winter oilseed rape with a soil nitrogen supply (SNS) index of 

2 or lower,  up to 30 kg/ha autumn N can be applied to the seedbed or as a top-dressing to 

encourage autumn growth but it is suggested that crops sown after early September are unlikely to 

respond. In Scotland, SRUC Technical Note TN651 (Sinclair & Wale, 2013) advises that autumn N 

is not generally recommended for winter cereals, as profitable responses are not normally attained 

and there is an increased risk of N losses to watercourses. However, it is acknowledged that there 

is a possible N requirement in some winter barley crops that have been direct drilled, established 

following minimum cultivation, or established after ploughing down large quantities of straw e.g. 

after carrots. 

The guidance given in the AHDB Guide for England & Wales is consistent with Nitrate Vulnerable 

Zone (NVZ) guidance (2017-20) (www.gov.uk/nitrate-vulnerable-zones). Autumn fertiliser N for 

cereal crops is effectively ruled out within NVZs due to the closed period for spreading 

manufactured fertiliser on tillage land starting on 1st September and ending 15th January. An 

exemption is made for oilseed rape, for which a maximum autumn application of 30 kg N/ha is 

permitted before 31st October. NVZ rules also state that high readily available N organic manures 

(with more than 30% of their total N content immediately available to the crop) cannot be applied to 

tillage land during closed periods (see section 4.3.1 for details).  

It is probable that the majority of evidence used to develop guidelines about the use of autumn N 

were based on ploughed or tilled situations carried our during the last few decades, as per 

‘conventional’ tillage practices at the time. For example, A series of forty eight field trials conducted 

in the UK in the 1980s found that autumn N was not economically beneficial, and that, although a 

few sites had a positive yield response to autumn N application, it was not predictable and it 

generally did not exceed that obtained from equivalent quantities of spring N (Sylvester-Bradley et 

al., 1996). Vaidyanathan & Turley (1992) found no unique yield benefit from 40 kg N/ha when 

applied in the autumn where straw was chopped and shallow-incorporated that could not be 

achieved with adequate N applied in the spring. An AHDB review of a large number of experiments 

(Prew et al., 1988) found that 40 kg N/ha applied in autumn was on average uneconomic 

regardless of method of straw disposal, when compared to applying the N in spring. More recently, 

a series of six experiments on winter barley established following ploughing demonstrated no 

significant benefit of autumn N application above those seen when the nitrogen was applied in the 

spring (Kendall et al., 2017). 
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No-till and minimum tillage farming systems are increasingly being adopted across the UK to 

reduce input costs and as a consequence of increasing concern in potential negative effects of 

ploughing (Soane et al., 2012). For example, in 2015, minimum tillage methods were the dominant 

cultivation methods in Yorkshire and Humber with an estimated 70% of wheat land after oilseed 

rape and pulse crops established using this method, although <1% of these crops were direct 

drilled in this region. Similarly in the south of the UK an estimated 45% of crops were ploughed, 

50% min-tilled and 5% direct drilled (ADAS, 2015). Cover crops are commonly established by 

drilling directly into crop residues of the previous crop. 

It is well understood that under no-till cultivations the level of N mineralisation is lower (Dowdell et 

al., 1983), and immobilisation of N due to incorporation of previous crop residues is higher 

compared with using conventional ploughing (Van Den Bossche et al., 2009). A review of literature 

(Silgram & Shepherd, 1999) showed that ploughing and deep soil cultivations result in more N 

mineralisation during autumn than direct drilling or minimal cultivations. It could therefore be 

argued that the requirement of autumn applied N may be greater for crops established using no-till 

and minimum tillage approaches compared with ploughing and deep tillage. In order to understand 

the potential benefit of autumn N in these situations it is important to recognise that many other 

factors influence autumn SNS and the crops ability to take up N in the autumn including; sowing 

date, previous crop, the quantity and type of residues left over from the previous crop, soil type, 

and soil structural conditions. 

It is clear that the impact of cultivation depth and intensity is a key factor in determining the amount 

of plant available N by affecting the processes of N mineralisation and N immobilisation. There are 

many types of cultivation method which are defined in Table 1. Throughout the review, these 

definitions will be used to distinguish between the main cultivation methods used within the 

reviewed experiments. The review also recognises that there is a wide range of cultivation and 

drilling equipment available, all of which will create different seedbed conditions and therefore may 

not be directly comparable even if they disturb the soil to the same depth.  

It is also important to recognise that limited N supply may not be the only cause of poor autumn 

crop growth under no-till systems. Other factors that will restrict crop growth in the autumn include 

poor soil structure (which will reduce drainage and cause waterlogging and lack of oxygen), poor 

root development and reductions in the availability of other nutrients (e.g. P and S).  Lundy et al. 

(2015) summarised a range of papers outlining potential causes for reduced yields under no-till 

conditions, which included delayed or uneven germination, lower soil temperatures, waterlogging, 

weed competition, increased disease risk, as well as potential N-immobilisation from residues. 

Given the current restrictions on N fertiliser use in the autumn in the UK under NVZ rules and the 

potential environmental risks from nitrate leaching or nitrous oxide (N2O) emissions, it will be 
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important to understand whether autumn N application provides any additional benefits above 

applying the additional N in the spring alone.  

 

Cover crops represent a unique crop type, with their main aim usually considered to ‘protect or 

improve’ between periods of cash crop production (White et al., 2016). Consequently, cover crops 

will require different approaches for evaluating the potential benefits of autumn applied N 

compared with cereal cash crops. Cover crops are most frequently sown following early harvested 

combinable crops in the summer (ca. August), and will be left in the ground until the following 

spring (ca. February) when they are often incorporated into the soil ahead of a planting a spring 

cash crop. On lighter land, it is also possible to establish cover crops following late harvested crops 

(e.g. maize) (White et al., 2016). Generally, greater benefits are seen from the earlier sown cover 

crops, as they enable greater biomass to develop and provide better soil protection (Balkcom et al., 

2012). Cover crops are generally grown for one of four main purposes including; improvement of 

soil fertility, improvement of soil structure, managing weeds and pests and environmental 

management (including reducing nitrate leaching) (White et al., 2016). Therefore the effect of 

autumn N application on each of these potential roles will need to be considered. For instance, any 

application of autumn N will need to increase the uptake of soil mineral N (SMN) above that which 

would be achieved without the autumn N application, as well as taking up the applied autumn N, in 

order to avoid the risk of greater leaching losses. This might be through improving plant 

establishment or resilience against pest damage. However, any application would also need 

supporting evidence of economic value, which would require clear yield responses in the following 

spring cash crop to justify application. Evidence will also be required to demonstrate that there 

would not be a greater risk of environmental losses (e.g. nitrate leaching or N2O emissions) 

following cover crop destruction in the following spring. 

 

The aim of this review is to evaluate available evidence about the use and efficacy of autumn 

applications of manufactured N fertiliser for winter cereals and over-wintering cover crops under 

no-till conditions. The review focusses on no-till conditions, but makes use of information from 

shallow min-till conditions (<10 cm deep) where relevant. The primary N source considered was 

manufactured N fertiliser, but evidence relating to organic materials with high levels (>30%) of 

plant available N were also considered where appropriate. Evidence from peer reviewed 

publications and relevant industry data has been collated.  

 

The review addresses the following topic areas;  

i) crop requirement for autumn N 

ii) supply of N from seed, atmospheric deposition and mineralisation, together with 

potential losses to the environment 

iii) ability of the crop to acquire N in the autumn 



5 

iv) experimental evidence for the effect of autumn N on crop yield, crop quality, plant 

establishment, ability to tolerate biotic and abiotic stresses, pollution (e.g. nitrate 

leaching, N2O production), and cost effectiveness 

v) conclusions about whether autumn N is required  

vi) knowledge gaps and recommendations for how to fill them. 
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Table 1.  Definitions of the main cultivation methods used in the UK.  Terminology which shares a definition is indicated by tick marks.  

 

 

 

 

 

 

 

 

 

Davies, 1988; Davies & Finney, 2002; Stobart & Morris, 2011; Townsend et al., 2016 

  Alternative/shared terminology 

Name Definition 
No-till or 
Zero-till 

Min-
tillage 

Inversion 
tillage 

Non-
inversion 

tillage 

Conserv-
ation 
tillage 

Reduced 
tillage 

Eco-
tillage Lo-Till 

Direct drilling 
No cultivation prior to drilling, or very 
minor soil disturbance              

Shallow 
tillage < 10 cm without inversion           

Deep tillage > 10 cm without inversion              

Strip-tillage 
Strips are tilled and sown with residue 
moved onto the untilled strips.   *          

Conventional 
Ploughing Inversion tillage                
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3. Principles of crop nitrogen requirement in the autumn 

3.1. Crop nitrogen demand 

3.1.1. Winter cereals 

There are a number of ways in which autumn applied N may be considered beneficial for a winter 

cereal crop, for example if it were to improve plant establishment and plant vigour so that the crop 

could tolerate pest damage, improving rooting and therefore subsequent nutrient uptake or, 

through causing unique yield or crop quality increases that could not be achieved with changes in 

spring N management. Benchmark values of high yielding winter wheat and winter barley crops are 

available for the growth and N uptake in February from the datasets used to produce the Wheat 

and Barley Growth Guides  (AHDB, 2015a; AHDB, 2015b; Blake et al., 2006; Spink et al., 2000) . 

These datasets included nine winter wheat crops growth at three sites in England over three 

seasons and 18 winter barley crops grown at six sites over three seasons. For crops sown in 

September or October, most crop growth up to February occurs in the autumn. Therefore, these 

benchmarks of growth and crop N uptake can be considered as approximate targets for crop N 

requirement during the period between drilling and winter.  

 

The benchmarks for N content in the above-ground parts of the crop in February during tillering 

were 22 kg N/ha for winter wheat and 24 kg N/ha for winter barley. By GS30, cereal crops have 

produced about 0.5 t/ha of root biomass (AHDB, 2015a). If the N concentration in roots is assumed 

to be 1% (Porter, 1993), then the root biomass will contain about 5 kg N/ha. This will therefore give 

a total N demand of 27 and 29 kg N/ha for wheat and barley respectively by February. While the 

total N requirements are likely to be greater for a higher yielding crop, or milling wheat, this is 

unlikely to make a difference to the autumn N requirement, e.g. it has been shown that early N 

limitation in winter wheat is unlikely to have a detrimental effect on grain protein content (Ravier et 

al., 2017). While this approach enables the total crop N requirement during autumn to be 

estimated, it should be recognised that it doesn’t account for temporal effects of N availability to the 

crop as affected by the timing of mineralisation.  This may also be important, particularly for 

improving plant establishment or to tolerate pests such as slugs.  

 
Table 2. Estimated demand for autumn N uptake by high yielding winter wheat and winter barley 
crops (kg N/ha).  

 
Winter 
wheat 

Winter 
barley 

Benchmark N uptake into the crop foliage by February 22 24 

Estimated N content of the roots 5 5 

Canopy N requirement by February 27 29 
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3.1.2. Cover crops 

Cover crops can generally be split into three main groups, brassicas (e.g. mustards, radishes, 

turnips), legumes (e.g. vetch, clovers) or grasses and cereals (e.g. oat, rye, rye-grass) (White et 

al., 2016), although there are a few species that do not fit into these categories (e.g. buckwheat, 

chicory and phacelia) (White et al., 2016). Benchmark values for cover crop N uptake are not 

known. Table 3 summarises both the ‘typical’ autumn/winter N requirement values from the 

literature, along with estimated ‘potential’ autumn/winter N requirement values for target ground 

covers and canopy sizes. The GAI required to cover 50% or 75% of the ground has been 

estimated using the Beer’s law equation F = e(-kL) where F is the fraction of ground not covered by 

crop (when viewed from directly above), L is the green area index and k is the extinction coefficient 

assumed to be 0.5 for cereals and pulses and 0.75 for brassicas (Berry et al., 2011a). The 

estimated values are based on the crop N requirement values for similar cash crops, which are 32 

kg N/ha/GAI unit for cereals (mean of benchmark values for winter wheat and barley reported in 

Table 2), 50 kg N/ha/GAI unit for brassicas (Berry et al., 2011a), and legumes are assumed to be 

the same as cereals at 30 kg N/ha/GAI unit. In summary, cover crops would need to take up 

approximately 50 kg N/ha to achieve 50% ground cover and approximately 100 kg N/ha to achieve 

75% ground cover. It should also be recognised that if the main purpose of the cover crop is to 

reduce the risk of soil erosion then a smaller crop cover of over 30% has been shown to reduce the 

erosion risk (White et al., 2016). Using the same principles as described above the GAI required to 

achieve 30% ground cover would be approximately 0.5 for brassica crops and 0.75 for 

cereal/legume crops. Crops would need to take up approximately 30 kg N/ha to achieve these 

canopy sizes.  

 

An understanding of typical crop N uptake values over winter will help to understand the N 

requirement under current management methods, whether there is potential for this to be 

increased, and under what circumstances this may or may not be beneficial. White et al. (2016) 

reviewed the literature for typical autumn/winter N uptake values of hairy vetch (Vicia villosa), rye 

(Secale cereal), crimson clover (Trifolum incarnatum), white senf mustard (Brassica hirta) and 

oilseed radish (Raphanus sativus). The N uptake values ranged from 28 up to 154 kg N/ha, 

demonstrating the importance of understanding the difference between cover crop species and the 

potential they have for taking up N in the autumn. These ranges could be broadly grouped into 

brassicas, legumes and cereals and the averages are summarised in Table 3. Data given in the 

literature is usually only for the above ground biomass and N uptake. It is therefore necessary to 

estimate how much N will be required for root growth. This is estimated at 5 kg/ha using the same 

assumptions as for the cash crop cereals described in Section 3.1.1. ADAS unpublished data from 

2 experiments shows that root biomass of oilseed rape at the 6 leaf stage varied between 9 and 13 

g per plant, with an average biomass of 10 g per plant. The average plant population was 70 

plants/m2 which gives a root biomass of 0.7 t/ha. If the N concentration in this tissue is assumed to 
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be the same as cereals at 1% then the amount of N in the roots in autumn would amount to about 

7 kg/ha. 

 

It is recognised that cover crops are often grown as mixtures of species from across the cover crop 

categories. However, insufficient information was available to specify typical N uptake for the very 

wide range of species mixtures which can be used.   

 
Table 3. Typical estimated cover crop N demand (kg N/ha) over autumn/winter calculated based on 
either typical GAI and N uptake values or from measured averages reported in the literature.  

 Brassicas Legumes Cereals 
Typical above-ground autumn/winter N uptakea 93 (57-127) 91 (28-154) 46 (30-61) 

Typical above & below-ground autumn/winter N uptakeb 100 (64-134) 96 (33-159) 51 (35-66) 

GAI required to reach 50% ground coverc 1.0 1.5 1.5 

Above-ground N uptake required for 50% ground coverc 50 45 48 

Above and below-ground N uptake required for 50% 

ground coverc 
57 50 53 

GAI required to reach 75% ground coverc 2 3 3 

Above-ground N uptake required for 75% ground coverc 100 90 96 

Above and below-ground N uptake required for 75% 

ground coverc 
107 95 101 

aMean (range) of values for all reported brassicas, legumes or cereals in White et al. (2016). 
bMean (range) of values for all reported brassicas, legumes or cereals in plus the estimated N 

content in the roots of brassicas or cereals as calculated in the main text.  
cCalculated using Beers law and benchmark canopy N requirement values for equivalent cash 

crops as described in the main text.  

 

3.2. Soil supply of nitrogen in the autumn  

The autumn SNS is determined by the relative rates of mineralisation, immobilisation and loss of N 

from the system via nitrate leaching to water and gaseous losses (e.g. N2 and N2O) to the 

atmosphere. Atmospheric deposition of N also adds to the SNS. The total supply of plant available 

N is the net result of these input and loss processes, as shown in Figure 1.  These processes can 

be affected by a wide range of factors including cultivation method, soil temperature, soil water 

content, soil texture, soil organic matter content, previous crop, whether previous crop residues are 

incorporated or not and the crop residue C:N ratio. The following sections will estimate the relative 

values of these processes and review the evidence for the effects of no-till or min-till cultivation 

methods.  
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Figure 1. Main sources and sinks of nitrogen (N) available to an autumn sown crop following direct 
drilling with approximate values. The crop will have access to N from the seed N supply, atmospheric 
deposition of N, previous crop residues and the SMN, the net availability of N will depend on losses 
of N via leaching and gaseous N losses. Brown boxes represent N inputs, blue represent N losses 
and green represents the crop N demand.  

 

3.2.1. Seed N supply 

The provision of N from the seed store is very important as it provides a source of N for early 

growth that is unaffected by the N status of the soil. Winter wheat seed has a typical N 

concentration of 2% on a dry basis, and a typical grain weight of 42 mg on a dry weight basis, 

suggesting that there is approx. 0.85 mg N per seed. At a seed rate of approx. 300 seeds/m2, this 

would equate to approx. 3 kg N/ha. The wheat growth guide reports that approx. 5 kg/ha of N 

comes from the seeds (AHDB, 2015b). Winter barley in contrast has a typical N concentration of 

1.76% for feed barley, with a typical grain weight of 39 g on a dry weight basis, suggesting there is 

approx. 0.69 g N per seed for feed barley varieties. At a seed rate of approx. 300 seeds/m2, this 

would equate to approx. 2 kg N/ha for feed varieties. Examples of seed N contents for wheat and 

barley at a range of seed rates can be found in Table 4. In winter wheat, one GAI requires 36 kg 

N/ha, so 5 kg N/ha provided by the seed will enable a crop to produce a GAI of up to 0.14. In 

barley, at 300 seeds/m2, 2.1 kg N/ha would equate to an approx. GAI 0.08 for feed varieties, based 

on barley requiring 28 kg N/ha to create one GAI unit.  
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There is less information available on the seed N contents of cover crop species, which have been 

grouped into cereal, brassicas and legumes in Table 5. These values are based on estimates from 

cereal (winter wheat and winter barley), brassica (winter oilseed rape) and legume (winter beans) 

cash crops and therefore may be at the upper end of the range as these seed N% values are likely 

to have come from crops which have received high levels of N fertiliser. The potential GAI 

produced from the seed N stores is also included in Table 5 and is also based on similar cash crop 

estimates for canopy nitrogen requirement.   

 
Table 4. Typical seed N contents for a range of seed rates of winter wheat and winter barley.  

Seed rate (seeds/m2) Winter wheat (kg N/ha) Winter barley (kg N/ha) 
200 1.7 1.4 

300 2.7 2.1 

400 3.4 2.8 

500 4.3 3.5 

 
Table 5. Seed N content details for cereal, brassica and legume cover crops based on cash crop 
values for typical seed N% and seed rates and potential GAI produced from the seed N supply.  

Cover crop Seed N% 
Seed rate† 

(kg/ha) 
Seed N content 

(kg N/ha) 
Potential GAI  

Cerealsa 2 30 - 100 0.6 - 2 0.02 - 0.06 

Brassicasb 3b 4 - 15 0.12 - 0.45 0.002 - 0.23 

Legumesc 4d 100-200 4 – 8 0.08 – 0.16 
†Estimated seed rates based on typical values reported by White et al. (2016). 
aAssuming canopy N requirement of 32 kg N/ha/GAI for winter cereals (mean of wheat and barley 

values). 
bAssuming canopy N requirement of 50 kg N/ha/GAI for winter oilseed rape (Berry et al., 2011b)  

and seed N% of 3% for winter oilseed rape (Berry et al., 2010).  
cSeed rates based on winter beans 
dAssuming protein content of ca. 25% (estimate based on winter bean (PGRO, 2016)) and 

conversion to N of 6.25.  

 

3.2.2. N-fixation by legumes 

Legumes are often included in cover crop mixes as they can fix atmospheric N and provide an 

additional source of N. White et al. (2016) reviewed the levels of N-fixation by cover crops at 

different times of year, concluding that between late-summer and winter, a leguminous cover crop 

under UK conditions may fix between 30-100 kg N/ha. This may not all be retained by the crop, 

and will be affected by the sowing date of the crop, as N-fixation is most likely at temperatures 

ranging from 7-20oC. There is also typically a delay between germination and the initiation of N 
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fixation as the nodules need time to form (Cuttle et al., 2003; White et al., 2016). Nonetheless, this 

represents a substantial source of N for legumes. The earlier the legume is sown, the more likely it 

is to form nodules and fix N before winter.  

 

3.2.3. Atmospheric deposition 

In recent years, air pollution by N substances has been decreasing (DEFRA, 2018), and the 

average rate of N deposition to moorland and short plant areas in the UK between 2012- 2014 was 

16 kg N/ha per year (CEH, 2018; DEFRA, 2012). Approximately 50% or 8 kg/ha of deposited N is 

thought to become available to a winter wheat crop and about one third of it is deposited over the 

winter months (Goulding et al., 1998), thus approximately 3 kg/ha N can be assumed to be 

available to winter cereal crops over the autumn/winter period.  

 

3.2.4. Mineralisation and immobilisation of nitrogen 

Mineralisation is the process by which N bound in organic materials becomes available for plant 

uptake. Immobilisation is the reverse of mineralisation. This section will review the evidence for 

impacts of direct drilling on the balance between mineralisation and immobilisation of nitrogen.  

Wade et al. (2006) found no difference in SMN between ploughed and reduced tillage (down to 20 

cm) treatments. Average SMN levels were 77 kg/ha in the reduced tillage treatment, compared to 

73 kg/ha in the ploughed treatment. Site (soil type) and season (drier vs wetter) appeared to have 

the greatest effect on SMN levels across 9 site/year studies. Similarly, there was no significant 

difference between cultivation treatments on spring SMN. The reduced tillage treatments in 8 of the 

9 sites were to 15 – 20 cm depth, which is recognised as being quite deep, but one site was direct 

drilled and still showed no significant difference in SMN compared with the ploughed treatment.  

 

In contrast, on a shallow (<30 cm) calcareous fine loam over chalk soil, bi-weekly early season 

cultivation using a straight tine from harvest until drilling resulted in a greater level of nitrate (22 

µg/g dry soil) compared to the non-cultivated plots (14 µg/g dry soil). Both treatments were then 

ploughed at drilling in early September, and the trend remained until November. Thus, even 

delaying the date of soil disturbance in this case resulted in lower levels of nitrate in the soil 

(Stokes et al., 1992).  

 

In a series of UK experiments on autumn sown crops (mainly winter cereals), the apparent net 

mineralisation of organic N (balance of crop N, SMN and leaching) in autumn and winter was not 

significantly different between direct drilled (26 kg N/ha) and ploughed (31 kg N/ha) plots. Yet, over 

the year the rate of mineralisation in the ploughed plots (83 kg N/ha) when compared to the direct 

drilled plots (67 kg N/ha) was 16 kg N/ha higher (Goss et al., 1993).  
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Across two winter wheat experiments on light-medium textured soil sites in Switzerland, the SMN 

measured to 90 cm depth at the end of winter was highest under minimum tillage (15 cm depth), 

followed by the no-till treatment and lastly the conventional tillage treatment (25 cm depth), 

however only the min-till and conventional tillage treatments were significantly different (Rieger et 

al., 2008). There was also a significantly lower plant number in the no-till treatment compared to 

the conventional tillage, with the min-till treatment plant population being between the two. This 

trend followed through to tillering, where the shoot biomass was lower under no-till compared to 

the conventional tillage treatment, but the crops produced compensatory growth and these 

differences declined by flowering. Consequently, by harvest there was no significant difference in 

shoot biomass between the cultivation treatments, although there was a trend (P<0.1) for lower 

yield under the no-till system compared to the min-till and conventional treatments due to 

significantly lower thousand grain weight. The levels of Fusarium infection were higher in the no-till 

treatments, which is likely to be driven by the higher level of the pathogen remaining in the crop 

residues from the previous crop. Interestingly, there was no significant difference in the wheat 

crop’s response to spring N fertilisation (zero N fertiliser vs. recommended fertiliser N) between the 

cultivation treatments. Thus, the authors suggest that differences in N supply was not a limiting 

factor in the production of winter wheat under any of the three cultivation treatments (Rieger et al., 

2008).  

  

A review of the effects of cultivation on soil N mineralisation by Silgram and Shepherd (1999) 

concluded that there could be large differences in the SNS following no-till and mouldboard 

ploughing, with between 5 - 65 kg/ha higher SMN levels recorded from ploughing than from no-till 

conditions. The ploughed sites also had a greater risk of nitrate leaching of up to 25 kg N/ha (20-

50% increases). In general, if moisture wasn’t limiting, the authors suggested that no-till sites 

resulted in slightly lower yields, and may have a small additional N requirement of up to 25 kg N/ha 

to alleviate this difference. This was because the levels of annual net N mineralisation may be 5-25 

kg/ha lower under no-till conditions, partly due to increased N immobilisation from high C:N ratio 

crop residues near the soil surface. The authors concluded that under the right soil type and 

conditions (avoiding sandy soils), no-till could be a useful method for reducing nitrate leaching, but 

that it may also require up to 25 kg/ha additional fertiliser N to boost yields up to those seen in 

conventionally ploughed crops. The effect of ploughing on mineralisation following several years of 

min-till was raised as an area of uncertainty, in which there may be a greater release of SMN 

(Silgram & Shepherd, 1999). Subsequently, in a study in the Brimstone Farm Experiment, Oxford, 

UK, it appeared that more nitrate was leached from land that had been under minimal or zero 

tillage for 8 years and then ploughed compared to land which had been ploughed each year, thus 

considering a single season is often not sufficient to consider longer term environmental impacts 

(Catt et al., 2000).  
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Under UK conditions, median soil N supply (SNS) (crop N content plus SMN to 90 cm depth) 

values in late November/early December reported from 164 sites were 87 kg N/ha, with a range 

from 16 to 776 kg N/ha (Kindred et al., 2012). These sites were predominantly ploughed sites, with 

some min-till sites included, and a range of residue inputs (Kindred et al., 2012). The median SNS 

was 40 kg N/ha for the 0-30cm soil horizon and 70 kg N/ha for the 0-60 cm soil horizon. The 

bottom 10% of values had an SNS of less than 34 kg N/ha in the 0-60 cm horizon and less than 46 

kg N/ha in the 0-90cm horizon. The bottom 20% of values had an SNS of less than 43 kg N/ha in 

the 0-60 cm horizon and less than 57 kg N/ha in the 0-90cm horizon.  The median 0-30 cm SNS 

from Kindred et al. (2012) is in agreement with Shah et al. (2017) who reported median 0-30 cm 

SMN values across 8 UK sites in early September of 43 kg N/ha (just prior to or shortly after drilling 

of cover crops). Silgram and Shepherd (1999) reported that N mineralisation levels may be 5 – 25 

kg N/ha lower under no-till across the whole season, therefore SNS could be considered to be up 

to 25 kg N/ha lower under no-till conditions. Under no-till conditions this would equate to an SNS to 

90 cm soil depth of approximately 62-82 kg N/ha and 45-65 kg N/ha to 60 cm soil depth, if the 

reduced effect of mineralisation was entirely in the top 60 cm (which is reasonable given that 

surface residues may be the cause). The bottom 10% of fields may have SNS values of less than 

9-29 kg N/ha in the 0-60 cm horizon. The bottom 20% of fields may have SNS values of less than 

18-38 kg N/ha in the 0-60cm horizon.  

 

Residue N contents 
There are physical, chemical and biological challenges associated with residues from previous 

crops and no-till methods. The physical challenges in relation to chopping and spreading the straw 

are reviewed by Morris et al. (2010), as are the potential allelopathic effects of residues on seed 

germination. Generally straw residues are recommended to be spread such that the crop residues 

and planted seed are not closely located, and in most cases the straw is chopped and spread very 

evenly (Soane et al., 2012). Once established, the residue C:N ratio will also be important in 

determining the conditions for crop development over winter (Mary et al., 1996).  

 

A C:N ratio of 30:1 or above is generally thought to be the point at which net immobilization occurs, 

and net mineralisation thought to occur at C:N ratios of approx. 25:1, with increasing N available to 

plants as the C:N ratio decreases (Hodge et al., 2000). The N content of previous crop residues 

will also contribute directly to the autumn SNS if straw is mineralised quickly. Measured C:N ratio 

of crop residues and N return in crop residue to the following crop are summarised in Table 6. 

Cereal straw can contain approx. 0.6% N, whereas oilseed rape can contain up to 1% N 

(Nicholson et al., 2014), but the large returns of residues can mean that there are quite large N 

returns to the following crop. However, it should be recognised that for high C:N residues the 

majority of this N return will usually occur in the spring and summer. The risk of N lock-up via 

immobilisation of N has been discussed in a review on straw incorporation, and 1 t cereal straw 
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can immobilise ca. 10 kg N/ha. The demand for this N was within 2-3 months of straw incorporation 

(Nicholson et al., 2014). However, this review focused on incorporating straw, for no-till crops, the 

straw would remain on the soil surface.  

 

Table 6. Range of C:N ratios of residues from previous crops and N return over the whole following 
growing season.  

Crop 
Residue 

type 
C:N 

Range 

N return in 
residues 
(kg N/ha) 

References 

Sugar beet Tops 12-25 82-211 
Jarvis et al., 1996; Sylvester-

Bradley et al., 2015 

Vining pea 
Haulm inc. 

pod walls 
14-30 138-349 Sylvester-Bradley et al., 2015 

Combining pea 
Straw & pod 

walls 
28-37 10-404 Sylvester-Bradley et al., 2015 

Potatoes Haulm 16-30 41 Jarvis et al., 1996 

Dried peas Haulm 20-63 48 Jarvis et al., 1996 

Winter & spring 

field beans 
Haulm 33-58 22-206 

Jarvis et al., 1996; Sylvester-

Bradley et al., 2015 

Oilseed rape Haulm 22-96 65-108 
Jarvis et al., 1996; Sylvester-

Bradley et al., 2015 

Winter wheat Straw 50-122 26-66 
Bhogal et al., 1997; Sylvester-

Bradley et al., 2015 

 

Residue C:N ratio is important in determining the rate of mineralisation and whether net 

mineralisation tips to immobilisation. However, a study by Van Den Bossche et al. (2009) on silty 

loam sites in Belgium found that under no-till (direct drilled), more N was immobilised than under 

conventional tillage (mouldboard plough, to a depth of 25-30 cm), with a similar trend for increased 

immobilisation in the reduced tillage (non-inversion, using a cultivator or soil loosener) treatment. 

Indicating that the degree of soil disturbance is also important in determining the relative balance 

between mineralisation and immobilisation. The authors therefore concluded that there is less risk 

of nitrate leaching under reduced tillage. However, the paper did not report the impact of 

contrasting residues on the yields and quality of the following cash crop.  

 

In contrast, a study in Northern France found that tillage method (mouldboard ploughing to 30 cm 

vs minimum tillage to a depth of 5-8 cm) had no effect on the level of 15N immobilisation, but there 

were higher CO2 levels measured following ploughing when compared to minimum-tillage, 

suggesting that this treatment had higher levels of microbial activity. The authors proposed that this 
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may have been a result of the crop residue depth in the soil, since it was incorporated to a lower 

depth the soil-residue contact may have been increased, which could have consequently increased 

decomposition rates in the ploughed plots (Giacomini et al., 2010).  

 

This is in agreement with previous studies as reviewed by Kumar & Goh (1999) and Schoenau & 

Campbell (1996). Under no-till, residues will be left on the soil surface which can result in slower 

rates of decomposition as the conditions (temperature, moisture and availability of mineral N) are 

not conducive to microbial growth and therefore decomposition, particularly for residues with a high 

C:N ratio (Kumar & Goh, 1999; Schoenau & Campbell, 1996; Schomberg et al., 1994). In contrast, 

for crops with a lower C:N ratio, the risk of volatilisation of ammonia (NH3) may be increased 

(Schoenau & Campbell, 1996). Consequently, Schoenau and Campbell (1996) suggested that 

placement of N fertiliser would help to reduce the risk of volatilisation and immobilisation of N due 

to residues.  

 

 

3.2.5. Nitrate leaching and gaseous losses of N 

A long-term study in Denmark on two field experiments each including four cash crop rotations 

found that across all sites and years direct drilling and cultivating to two different depths did not 

affect the rate of nitrate leaching (Hansen et al., 2015), although yields were reduced in the direct 

drilled crops. Straw retention also did not reduce N leaching or improve yields (Hansen et al., 

2015). Similarly, in a series of field scale trials in the River Wensum Demonstration Test 

Catchment Project, Norfolk, UK, Cooper et al. (2017) found that direct drilling and shallow inversion 

tillage did not reduce soil water nitrate N and P concentrations when compared with ploughing. In a 

review on no-till use in northern, western and south-western Europe, Soane et al. (2012) 

concluded that there was a lack of consensus in the literature on whether no-till impacted upon 

nitrate leaching. Nitrate leaching losses depend on several factors including crop type, sowing 

date, soil type, soil structure and the amount of excess winter rainfall (drainage) (Soane et al., 

2012). Goss et al. (1993) reported an increase of 21% in total nitrate leaching from drained plots 

which had been conventionally ploughed to 20 cm depth, compared to direct drilled plots with < 

5cm depth disturbance (from incorporation of ash residues following straw burning on some sites). 

However, there could sometimes be increased nitrate leaching from the direct drilled plots in the 

spring, potentially as a result of the higher levels of nitrate left in the soil over winter. There was 

also higher denitrification reported in the direct drilled plots, representing another potential N loss 

pathway.  

 

N2O emissions under no till were reviewed by Soane et al. (2012) who concluded that N2O 

emissions from tilled vs no-tilled treatments were often highly variable, with changes in the N2O 

emissions from no-till treatments across four studies ranging from 48% up to 324% of the ploughed 
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treatment. There often appears to be greater N2O emissions from poorly-aerated soils under no-till 

vs ploughed conditions, and little impact of cultivation on N2O emissions when the soils are well 

aerated (Rochette, 2008). Duration under no-till may also be important (Six et al., 2004), as may 

timing and frequency of the N2O measurements (Regina & Alakukku, 2010).  Under very wet 

conditions, denitrification will result in conversion of N2O to N2 which can be a significant source of 

gaseous N loss (Davidson, 1991). Since no-till practices may increase moisture content and 

reduce aeration (Martens, 2001; Soane et al., 2012), there is a risk that this may also result in 

higher losses of N2. 

 

3.2.6. Autumn soil N supply summary 

The autumn supply of N available to the crop is the net result of the processes outlined above, 

namely seed N supply, atmospheric deposition, net mineralisation as affected by cultivation and 

previous crop residue type and quantity, and nitrate leaching and gaseous N (Figure 1). The seed 

N supply and atmospheric deposition will be the same, regardless of cultivation method. However, 

it is clear that the net mineralisation, leaching and gaseous losses can be affected by cultivation, 

and thus may have an impact on the soil N supply to the crop. Whilst the effect of no-till on 

mineralisation has been reported as reducing rates by 5 – 25 kg/ha, the effect of no-till on leaching 

and gaseous losses is more difficult to quantify, and therefore can’t be estimated with any certainty 

here.  

 

In order to estimate the potential crop fertiliser N requirement in autumn, we have calculated the 

difference between the estimated autumn crop N demand and estimated autumn soil N supply for 

both winter cereals (Table 7) and cover crops (Table 8). Crops need a root length density of 1 cm 

of root per cubic cm of soil to extract all available water and nitrate from the soil (King et al., 2003) 

and crops quickly exceed this density in the soil surface (King et al., 2003). Wheat roots can grow 

at a rate of 12 mm per day during autumn (AHDB, 2015b). Therefore, cash crops established in 

early autumn would be expected to reach at least 60 cm depth by winter. If the same rate of root 

growth of 12 mm per day is assumed for cover crops, cover crops sown in August may be 

expected to reach depths of over 90 cm by winter. Therefore the autumn SNS most applicable for 

cash crops will be the SNS to a depth of 60 cm (45 to 65 kg N/ha). For early sown cover crops, the 

most applicable SNS is likely to be to a depth of 90 cm (62 to 82 kg N/ha).  

 

Winter cereals 
The estimated excess autumn SNS for winter wheat and winter barley is summarised in Table 7. 

Given the similar canopy N requirement up to GS30, there is very little difference in the excess 

SNS, which is approximately 20-40 kg N/ha to a depth of 60 cm, and 35-55 kg N/ha to 90 cm 

depth. The reported SNS are median values for UK crops (described in Section 3.2.4), thus for the 
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majority of UK winter cereals, and applications of manufactured fertiliser N would not be required to 

reach a high yielding benchmark N content by GS30.  

 
Table 7. Estimated demand for autumn N uptake by high yielding winter wheat and winter barley 
crops (Table 2) and autumn soil N supply (SNS) (kg N/ha) at two depths with calculated N balance. 

 
Winter 
wheat 

Winter 
barley 

Crop N requirement by February 27 29 

Autumn SNS (0-60 cm) 45-65* 

Autumn SNS (0-90 cm) 62-82 

Balance of autumn SNS (0-60 cm) minus crop N 

requirement 
18-38 16-36 

*Assuming reduced mineralisation is located in the top 60 cm of soil.  

 
Winter cover crops 
The cover crops which may have a demand in excess of the autumn SNS are indicated in bold and 

underlined in Table 8. Where typical values are used to estimate crop N demand, the brassicas 

and legumes may have a requirement for additional fertiliser N, above that provided by the autumn 

SNS. However, the legumes ability to fix N has not been accounted for here, and may equate to 

between 30-100 kg N/ha over late summer and winter, depending on how early the crop was sown 

(reviewed by White et al. (2016)), legumes are therefore likely to fulfil their own N requirement via 

N-fixation in systems where the SNS is insufficient. The autumn SNS under no-till conditions is 

estimated to exceed the typical cereal N demand. It is estimated that the autumn SNS should be 

sufficient to meet cover crop N demand if the target for cover crop growth is a ground cover of up 

to 50%. However, if the target ground cover is 75% then the autumn SNS is estimated to be 

insufficient for all three cover crop types. This analysis indicates that the autumn SNS under no-till  

will only be insufficient to meet the N demand of cover crops when the target ground cover is high 

(75%). It should be recognised that substantially lower ground covers of 30% are often sufficient to 

achieve cover crop function, e.g. reducing the risk of soil erosion. A ground cover of 50% will be 

sufficient to take up at least 50 kg N/ha which will reduce the risk of nitrate leaching.   

 

It is important to recognise that cover crops are often sown as mixtures of species, often including 

a legume. It is likely that any autumn fertiliser N would reduce the ability of the legume to fix N and 

reduce its prime functionality within the cover crop mixture.  
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Table 8. Estimated demand for autumn N uptake (kg N/ha) by winter cover crops (Table 3) and 
median estimated autumn soil N supply (SNS) (kg N/ha) at two depths. Where the crop demand 
exceeds the SNS, or SNS plus N-fixation, the values are indicated in bold and underlined.  

 Brassicas Legumes Cereals 
Typical above & below-ground 

autumn/winter N uptake 100 (64-134) 96 (33-159) 51 (35-66) 

Above and below-ground N uptake 
required for 50% ground cover 57 50 53 

Above and below-ground N uptake 
required for 75% ground cover 107 95 101 

Potential N supply from N-fixation - 30-100 - 
Autumn SNS (0-90 cm) 62-82 

 

 
3.3. Ability of plants to access soil nitrogen 

Section 3.2 quantifies the autumn soil N supply which will be available for crop uptake. Whether or 

not the crop will take up this N will depend on several factors including; rooting, availability of other 

nutrients and plant establishment, any of which may be affected by the depth of tillage. 

 

3.3.1. Effects of no-till on rooting  

The effects of no-till on rooting of wheat and maize crops has recently been reviewed by Qin et al., 

(2017) who concluded that root growth under no-till compared to conventional tillage is variable, 

with both increases (Munoz-Romero et al., 2010) and decreases (Qin et al., 2004) in root length 

density reported under no-till compared to ploughed conditions. This may in part be driven by the 

length of time the site has been under no-till management; a study in New South Wales found that 

root length density of wheat at the seedling stage was lower under minimum tillage compared to 

conventional tillage for the first three years, but in the following two years it was higher than in the 

conventionally cultivated treatment (Pearson et al., 1991).  

 

There are a range of possible causes for the different rooting responses observed between no-till 

and conventional conditions. One factor is the effect of no-till on bulk density, which can be 

increased under no-till conditions (Finney & Knight, 1973; Lampurlanés & Cantero-Martinez, 2003; 

Peigné et al., 2007). On a sandy loam site in Berkshire, England, Finney & Knight (1973) 

measured a lower soil bulk density in ploughed plots during the first four weeks after drilling winter 

wheat when compared to plots that were either direct drilled or shallow cultivated (<5 cm depth). 

They also found slower extension of the seminal root axes in the no-till or shallow min-tilled soil 

when compared to conventionally ploughed soil. Throughout the season, the root system in the 

reduced tillage treatments was shallower than in the ploughed treatments (Finney & Knight, 1973).  
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In contrast, reduced tillage can improve the survival of earthworms (Eriksen-Hamel et al., 2009) 

and may result increase the number of macropores (Martino & Shaykewich, 1994), which can 

provide channels through which roots can grow, potentially reducing the effects of the higher bulk 

density on roots (Qin et al., 2017). Soil type is an important factor and can control the effect of no-

till on rooting. For example one study on maize rooting at a sandy loam site in Northern Italy found 

that the soil structure did not reach a stable architecture after two years under no-till management. 

The authors showed there was a negative relationship between bulk density and root development, 

although rooting was similar on no-till and ploughed sites (Dal Ferro et al., 2014). Similarly, Ellis 

and Barnes (1980) found that on a clay soil, direct drilling resulted in reduced root growth, but only 

when the soil was waterlogged overwinter, demonstrating that interactions between weather and 

soil type are also important.  

 

The review suggests that there are a range of factors that can affect the ability of crops to form 

roots under no-till conditions, and these are often not related to the factors that control soil N 

supply. Soil structural condition will affect a crops ability to take up available N from the soil or 

following applications of manufactured fertiliser in the autumn, and so it is important to fully 

understand the cause of restrictions to crop growth. 

  

  

3.3.2. Effects of no-till on other factors 

The effect of no-till on wider issues relating to crop growth has been reviewed by various studies 

(Morris et al., 2010; Peigné et al., 2007; Qin et al., 2017; Soane et al., 2012), and so will not be 

covered in detail here. Most of these cite literature from studies outside of Western Europe. 

However, common themes that appear in most of the reviews which may affect the crop’s 

response to autumn applications of fertiliser N are summarised briefly here.  

 

No-till can result in stratification of immobile nutrients (e.g. P, K), with higher concentrations in the 

topmost layers (Crozier et al., 1999; Drew & Saker, 1980; Houx et al., 2011). However, this does 

not necessarily result in a decrease in the levels of those nutrients at lower soil depths 

(Rasmussen, 1999). There is some evidence to suggest that seedling establishment may be 

restricted by allelopathic chemicals released by residues from previous crops, which could in turn 

cause lower or less vigorous plant populations under min or no-till conditions where residues are 

left on the surface (reviewed by Morris et al. (2010)). Reduced soil surface temperatures on no-till 

soils have also been reported in both autumn (Hay et al., 1978) and spring (Rasmussen, 1999), as 

has a reduction in temperature variation (Schoenau & Campbell, 1996). These effects are thought 

to be a consequence of increased residues on the soil surface acting as an insulating layer, 

reflecting solar radiation and reducing the rate of evaporation (Morris et al., 2010; Schoenau & 

Campbell, 1996). Increased water retention in the upper soil layers may also result in reduced soil 
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temperature under no-till conditions (Rasmussen, 1999). It has been suggested that this may slow 

crop emergence and development (Morris et al., 2010; Rasmussen, 1999) and that strip tillage 

may help to alleviate this effect (Morris et al., 2010). There are also reported increases in root-

lesion and stunt nematodes under no-till, as well as increases in earthworm numbers (Thompson, 

1992).  

 

Other factors including incidence of crop pests, disease and weeds as well as a more detailed 

consideration of soil factors including changes in soil acidity, hydrology, water retention, deep 

drainage and vehicle traffic, soil biodiversity, and macro-fauna are reviewed in detail by Soane et 

al. (2012). Similarly, Rasmussen (1999) reviewed the impact of no-till on a wide range of factors 

under Scandinavian conditions including soil bulk density, pore volume, root development, 

evapotranspiration, soil water content, temperature and soil aggregate stability, nutrient and 

organic matter content and nitrate leaching. These factors may have an impact upon the response 

to autumn N via effects on the establishment of winter cereal or cover crops. 

 

 

3.3.3. Effects of cultivation on crop N uptake  

Even if N pools and sources vary under no-till conditions, it is ultimately the net effect on crop N 

uptake throughout the season and implications for yield that is of interest both financially and 

practically. Thomsen and Christensen (2007) applied 15N labelled ammonium nitrate in the spring 

to plots of three winter wheat and two spring barley crops in Denmark. The study compared the 

effect of mouldboard ploughing (20-23 cm depth) or shallow tillage (5-10 cm depth) on the recovery 

of fertiliser N, total crop N uptake and yield. Yields were similar between the two tillage treatments 

at all three winter wheat sites, although the total N uptake and grain N content was lower at one 

winter wheat site under the shallow tillage treatment, which was attributed to lower concentration of 

grain N. Similarly, there appeared to be a lower recovery of 15N under shallow tillage at one of the 

winter wheat sites, but the total crop N uptake (i.e. 15N and non-labelled N) was the same for the 

two tillage systems, suggesting that there was a greater uptake of soil N in compensation. Thus, 

the authors concluded that there was little difference between the two cultivation methods on the 

uptake of spring fertiliser N at the two sites (Thomsen & Christensen, 2007).  

 

Similarly, a study by Giacomini et al. (2010) in Northern France found that tillage method 

(mouldboard ploughing to 30 cm vs minimum tillage to a depth of 5-8 cm) had little effect on the 

spring applied fertiliser N dynamics in the soil and no effect on the recovery of 15N fertiliser by the 

wheat plants. These two studies are also in agreement with a number of other studies globally on 

the effect of cultivation on fertiliser N recovery and soil fertiliser dynamics (Malhi et al., 2006; 

Power & Peterson, 1998; Rieger et al., 2008), suggesting that spring N recovery at least appears 

to be unaffected by the method of cultivation in the preceding autumn.  
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4. Evidence for effects of autumn applications of manufactured 
fertiliser N  

There is a substantial quantity of data available world-wide on the use of no-till, but these generally 

reflect where the highest level of no-till adoption has occurred, e.g. the USA, South America, 

Canada, Australia, and China and therefore are not easily translatable to UK conditions (Derpsch 

et al., 2010). However, the hypothesis that lower yields often observed under no-till conditions may 

be alleviated by the application of additional N fertiliser is generally applicable to a wide range of 

environments. Lundy et al. (2015) reviewed the effect of no-till using 2759 paired comparisons of 

no-till and conventional tillage from 325 studies between 1980-2013 for tropical/subtropical and 

temperate regions on a range of crops. Whilst additional N fertiliser appeared important for 

improving yields in tropical/subtropical regions, in temperate regions additional N fertiliser 

appeared less important, explaining only 2% of the yield decline (Lundy et al., 2015).  

 

4.1. Winter cereals 

The level of evidence for use of autumn applications of fertiliser N on winter cereal crops in the UK 

has previously been acknowledged to be sparse, with limited studies carried out in the UK in the 

past 10 years. Most evidence on which current autumn N recommendations are made are based 

on studies carried out 10-30 years ago, usually under different cultivation and straw management 

regimes including following stubble burning (Roques et al., 2016). However, as part of the current 

review fertiliser and agronomy companies were approached to request evidence from non-

published studies to obtain a more up-to-date understanding of the effects of autumn N use. There 

was very little data available, which perhaps is unsurprising given that application of fertiliser N is 

currently prohibited to tilled land after 1st September in UK NVZ zones (DEFRA, 2017). The 

literature search included peer reviewed and grey literature for relevant evidence and found no 

relevant, replicated UK studies for no-till scenarios. The search was therefore extended to include 

UK min-till to a depth of 10 cm and non-UK studies from countries with a similar environment to the 

UK. The evidence to date is summarised below.   

 

A single non-replicated UK field trial in winter wheat found that application of 165 kg/ha of Di 

Ammonium Phosphate (DAP) fertiliser (18% N) at drilling under no-till conditions may improve 

plant number and tiller number in the following March. However, no statistical analyses were 

reported and without N and P controls, it is not possible to understand whether these potential 

benefits were driven by the application of P or N (Agrii, 2017).    

 

A study in Denmark on three winter wheat sites and one winter barley site assessed the impact of 

different cultivation methods (stubble cultivating to 8-10 or 3-4 cm (min-till); direct drilling (no till), or 
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ploughing to 20 cm (conventional ploughing)) and N rate/timings (50, 75, 100, or 125% of 

recommended N rate, and 100 % of recommended N rate with 15 kg N/ha of the total N applied in 

the autumn) on yield and grain N content (Hansen et al., 2011). In each case the straw was 

chopped and retained. In two of the winter wheat sites, yields were significantly higher in the 

ploughed treatment than in the direct drilled treatment, and although non-significant a similar trend 

was seen in the winter barley. There was no significant difference in grain yield in the autumn N 

treated wheat plots compared to those that received N at the standard timings (in the spring), but 

two of the three wheat sites had a lower % grain N content when 15 kg of the N was applied in the 

autumn. The yield in the winter barley was lower in the plots which received autumn N compared to 

those that didn’t, as was the grain N %. Given these results, the authors concluded that the lower 

yields in the direct drilled sites were unlikely to be a consequence of reduced N availability, and 

instead may have been caused by other factors such as compaction (Hansen et al., 2011).   

 

In a field study in NW Spain, Couto-Vázquez and González-Prieto (2016) found no effects of tillage 

practice (conventional ploughing and min-till) on the recovery of N in a rye-maize forage rotation. 

While not significant, the recovery efficiency by the rye crop of 15N applied in October appeared to 

be half of that obtained when the fertiliser was applied in March or May. The authors proposed that 

this was a consequence of denitrification and nitrate leaching of N due to combination of site soil 

and weather conditions.   

 

Wade et al. (2006) compared the effect of establishing a winter wheat crop following ploughing and 

reduced tillage on plant establishment, biomass and yield. An additional autumn N treatment was 

included where 30-40 kg/ha N was applied to a reduced tillage treatment. Across a series of three 

site x year experiments (9 sites in total), there was a lower plant establishment at the Rosemaund 

(silty clay loam, Herefordshire) in the reduced tillage treatment, a higher plant establishment at 

Boxworth (clay, Cambridgeshire) in the same treatment and no effect of cultivation on plant 

establishment at the Morley sites (sandy loam, Norfolk). While autumn application of fertiliser N at 

the Rosemaund site appeared to increase the plant establishment at the lowest and highest seed 

rates compared with reduced tillage without autumn N, ploughing still produced the highest plant 

establishment at each seed rate. A similar trend was seen in the GAI and crop biomass data in 

spring, with the Rosemaund reduced tillage sites on average having a 48% lower biomass than the 

ploughed treatments. In this case, autumn fertiliser N application reduced biomass production by 

24%. In contrast, across the three Boxworth sites (although only significant in one year), the 

ploughed treatments produced 24% lower biomass than the reduced tillage sites. There was a 

further 10% increase in biomass in the reduced tillage treatment following autumn fertiliser N 

application, when compared to the reduced tillage treatment without autumn N. Across all sites, the 

crops appeared to compensate by increased tillering where there was lower plant establishment. 

Despite this compensation, there were significantly lower yields reported for all three Rosemaund 



24 

sites, with, on average 1 t/ha lower yields following reduced tillage. In contrast, in two out of the 

three years at Boxworth, there was an average increase in yield of 0.35 t/ha following reduced 

tillage, and at Morley there was no significant effect of cultivation on yield in any of the three years. 

Application of autumn fertiliser N to the reduced tillage treatments increased yield at only one of 

the sites compared to the reduced tillage treatment, although there was a trend for increased 

yields, on average by 0.13 t/ha in eight of the nine sites, whereas at Rosemaund this value 

increased to 0.3 t/ha.  The authors attributed the differences to the ability of a cultivation treatment 

to provide a suitable seed bed at a given site, demonstrated by the different responses of 

Rosemaund (higher yields under ploughing) and Boxworth (higher yields from reduced tillage). 

They also concluded that autumn applications of fertiliser N could be beneficial under reduced 

tillage, and particularly direct drilling. However, given the lack of autumn N treatment following 

ploughing in these experiments, and no spring N response treatments included to test whether the 

same effect could have been achieved by increasing the spring N rate, it is difficult to conclude 

whether or not the apparent advantage of autumn N was specific to reduced tillage or whether it 

was simply brought about by the total spring fertiliser N rate being sub-optimal.  

 

Similarly, a series of 71 experiments in Denmark carried out from 1987 to 2016 under conventional 

cultivation found significant increases in yield following autumn application of fertiliser N in 20 

cases. However, in the sites where additional spring N was applied a similar yield response was 

observed, leading the authors to suggest that the benefit was from the total increase in N applied 

rather than a benefit from timing of application in the autumn (Seges, 2017).   

 

4.2. Winter cover crops 

Research from UK conditions relating to the use of starter fertiliser on cover crops is limited, but 

there are a few sites which have tested this in recent years. Stobart et al. (2015) summarised 15 

cover crop comparisons with or without 20-40 kg/ha of N as starter fertiliser across two UK sites in 

2014/15. Across the sites, the mean number of plants per m2, were very similar, regardless of 

starter fertiliser application. The GAI was very slightly increased (from 1.6 to 1.8) in the autumn, 

whereas the weed count increased in the autumn from 24 plants/m2 to 51 plants/m2 following the 

application of starter fertiliser, including a range of both broadleaf and grass weed species (Stobart 

et al., 2015). By the spring, it was difficult to see the differences between the fertiliser treatments 

(Stobart, 2015; Stobart et al., 2015).   

 

A series of farm scale treatments were established at the Wensum Demonstration Test Catchment 

project site, including three treatments across an area of 143 ha: fallow with mouldboard 

ploughing, shallow non-inversion tillage with an oilseed radish cover crop, and direct drilling with an 

oilseed radish cover crop. An additional starter fertiliser (30 kg N/ha) was applied to five of the 

cover crop fields, whereas two sites received no fertiliser (Cooper et al., 2017). Significantly more 
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N was taken up by the oilseed radish cover crop when starter fertiliser was applied (79 kg N/ha) 

compared to when it wasn’t (70 kg N/ha).This was driven by both an increase in biomass and total 

N content of the root and leaf material (Cooper et al., 2017). However, this means that 21 kg/ha of 

applied fertiliser N was not taken up and would have been at risk of leaching. 

 

Similarly, initial results from four large plot (20x30m) demonstration trials run by Seges and 

established using conventional cultivation methods also indicate a trend for increased biomass and 

cover crop N content, although no statistics were available. Reported biomass of fodder radish and 

rye following the application of 40 kg N/ha fertiliser at sowing on average was 0.6 t/ha (range of 35 

to 103%), and 0.5 t/ha (range of -10 to 110%) greater than the zero N control respectively across 

three measurement dates in October and November 2017. Associated mean increases in crop N 

content of 26 kg N/ha (5 to 199% range) for fodder radish and 13 kg N/ha (25 to 218% range) for 

rye compared to the zero N control when 40 kg of N/ha was applied at sowing (Seges, 2018). A 

similar trend was reported by Shah et al. (2015), whereby an application of 20 kg N/ha in the 

autumn appeared to increase biomass (fresh and dry weight) of cover crops. 

 

Sowing date also has a large impact on the GAI achieved by October, with crops sown at the 

beginning of August reaching up to a GAI of 3, and crops sown in mid-September only producing a 

GAI of 0.5 (Stobart et al., 2015). It is therefore important to consider sowing date when considering 

the potential of cover crops to take up N. Other authors investigating autumn N fertiliser 

applications to cover crops concluded that sowing date had a greater influence on the growth of 

cover crops than early season nitrate availability (Cooper et al., 2017; Richards et al., 1996).  

 

 

4.3. Environmental impacts 

4.3.1. Nitrate vulnerable zone (NVZ) rules 

The Nitrate Vulnerable Zones (NVZ) Action Plan Rules apply to c.60% of agricultural land in 

England, 16% in Scotland and 3% in Wales. Most of the UK arable area is covered under NVZ 

rules, which state that no manufactured fertiliser can be applied to tillage land from 1st September 

to 15th January (DEFRA, 2017) to prevent applications at times of year when there is a high risk of 

nitrogen loss 

 

Currently, oilseed rape can receive an application of 30 kg N/ha inside the closed period for 

manufactured fertilisers as long as it is applied before 31st October (DEFRA, 2017). Applications to 

other crops during the closed period are permitted only if there is written advice from a FACTS 

qualified adviser. Since most winter cereal crops are sown after 1st September routine applications 

of manufactured N fertilisers in the autumn would require a change in the NVZ regulations. 
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NVZ closed periods also apply to manures with high readily available nitrogen (> 30% total N 

content), whereby on tillage land with sandy or shallow soils they cannot be applied on or between 

1st August to 31st December, or for all other soils, 1st October to 31st January. However, there are 

some exceptions for crops on sandy or shallow soils, if a crop is sown on or before 15th 

September, manures with a high readily available N content can be applied between 1st August 

and 15th Sept inclusive (DEFRA, 2017). 

 

4.3.2. Evidence for autumn N effects on nitrate leaching 

Modelling nitrate leaching 
The effect of autumn cultivation type on the amount of N lost by nitrate leaching was calculated 

using the NITCAT model (Lord, 1992). This model estimates the amount of potentially leachable N 

based on the previous crop and the balance between N inputs from (fertiliser and manure) and 

offtakes. The resulting potential leaching load is further modified according to N inputs in the 

autumn, mineralization of N residues from previous cropping years and autumn N uptake. Soil 

organic matter is one of the model inputs which influences the amount of N mineralisation. No-till is 

assumed to reduce N mineralisation by 15 kg N/ha compared with ploughing (Silgram & Shepherd, 

1999). The model calculates the amount of nitrate N that is ‘at risk to leaching’. The amount of N 

leached depends on the volume of excess winter rainfall (rainfall – evapotranspiration) and the 

volumetric moisture content of the soil. Leaching losses will usually be greater in areas of high 

rainfall on free draining (i.e. sandy) soils.  

 

Autumn crop growth and N uptake is dependent on sowing date however the model limits N uptake 

to a maximum of 60% of soil mineral N before winter because the model assumes that crop root 

density is insufficient to extract all available N during early crop growth. The maximum crop N 

uptake for cereals was estimated at 38 kg N/ha for crop sown 15 September and 15 kg N/ha for 

crop sown 15 October. The maximum crop N uptake for oilseed rape was estimated at 100 kg N/ha 

for crop sown 15 August and 40 kg N/ha for crop sown 15 September. 

 

The NITCAT model was used to estimate the impact of autumn applied N (30 kg N/ha) on the risk 

of nitrate leaching under a range of cropping, rainfall and cultivation scenarios for 1) a winter barley 

cash crop following winter wheat and 2) a brassica cover crop (oilseed rape) following winter 

barley. The scenarios included; soil type (loamy sand and silty clay loam), over winter drainage 

(low - 150 mm and high – 300mm), sowing date (15 September and 15 October for the cereal cash 

crop and 15 August and 15 September for the brassica cover crop) and cultivation type (plough or 

no-till).  
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Effect of autumn N on winter cereal cash crop 

The effect of applying autumn N to a winter barley cash crop on nitrate leaching losses is 

summarised in Table 9. The lowest leaching risk scenario was from early sowing (15 September), 

established by no-till in a low drainage area. In this scenario autumn N (30 kg N/ha) increased 

predicted nitrate leaching by 12 kg N/ha. This compared with increases in nitrate leaching of 15 to 

17 kg N/ha when autumn N was used in the same scenario with ploughing. The highest leaching 

risk scenario was from a late sown crop established by ploughing (15 October) in a high drainage 

area. In this scenario the crop produced insufficient autumn growth, so the model predicted that 

virtually all of the autumn applied N was lost by leaching. The same outcome was predicted 

whether the soil was ploughed or no-tilled. 

 

Effect of autumn N on brassica cover crop 

The effect of applying autumn N to a brassica cover crop on the risk of nitrate is summarised in 

Table 10. The level of soil mineral N following winter barley is greater than following winter wheat 

because the winter barley was assumed to be harvested earlier increasing the potential for 

mineralisation to occur before planting the next crop. Table 10 shows that the lowest leaching risk 

was from an early sown crop (15 August) established by no-till in a, low drainage area. In this 

scenario autumn N (30 kg N/ha) increased the nitrate leaching by 7 to 12 kg N/ha. Ploughing made 

little difference to the estimated leaching losses compared with no-till. The highest leaching risk 

scenario was following a late sown (15 September) crop established by ploughing in a high 

drainage area. In this scenario the crop produced insufficient autumn growth to take up much of 

the autumn applied N, so the model predicted that almost all of it would have leached over winter.  

A similar outcome was predicted whether the soil was ploughed or no-tilled. 

 

Conclusion 

The NITCAT model predicts that autumn applied N will increase leaching even in the lowest 

leaching risk scenario (when crops are sown early and over-winter drainage is low). The main 

reason for this is that the model assumes that the crop can only take up a maximum of 60% of 

available N (in the soil and from fertiliser) in the autumn. This is a reasonable assumption given 

that the crop is establishing its root system during this period and is unlikely to achieve a root 

length density of one centimetre of root per cubic centimetre of soil that is necessary to extract all 

available water (and dissolved nitrate) from a volume of soil. An autumn N rate of 30 kg N/ha was 

predicted to increase nitrate leaching losses by 7 to 12 kg N/ha for cover crops or cereal cash 

crops respectively (under low leaching risk scenarios). If the rate of autumn applied N was reduced 

to 15 kg N/ha then the model predicts that the amounts of N leach would be halved.  
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Table 9. Estimated amount of nitrate N leached (kg N/ha) during winter following the establishment of 
winter barley after winter wheat. 

   0 Aut N 30 Aut N 0 Aut N 30 Aut N  

Soil type Drainage† Sow date Plough Plough No-Till No-Till Mean 
Loamy sand 150 mm 15-Sep 15 30 9 21 19 
Loamy sand 150 mm 15-Oct 24 52 10 38 31 
Loamy sand 300 mm 15-Sep 16 32 10 22 20 
Loamy sand 300 mm 15-Oct 25 55 10 40 33 

silty clay loam 150 mm 15-Sep 15 32 11 23 20 
silty clay loam 150 mm 15-Oct 27 46 18 36 32 
silty clay loam 300 mm 15-Sep 23 51 18 36 32 
silty clay loam 300 mm 15-Oct 44 73 29 59 51 

  Mean 24 46 14 34 30 
† Drainage equates to the excess overwinter rainfall 

 

Table 10. Estimated amount of nitrate N leached (kg N/ha) during winter following the establishment 
of a brassica cover crop after winter barley. 

   0 Aut N 30 Aut N 0 Aut N 30 Aut N  

Soil type Drainage† Sow date Plough Plough No-Till No-Till Mean 
Loamy sand 150 mm 15-Aug 20 31 14 26 23 
Loamy sand 150 mm 15-Sep 20 41 14 27 25 
Loamy sand 300 mm 15-Aug 21 33 15 27 24 
Loamy sand 300 mm 15-Sep 21 43 15 28 19 

silty clay loam 150 mm 15-Aug 19 27 16 23 21 
silty clay loam 150 mm 15-Sep 24 42 16 33 29 
silty clay loam 300 mm 15-Aug 31 43 25 37 34 
silty clay loam 300 mm 15-Sep 39 68 25 53 46 

  Mean 25 41 18 32 29 
† Drainage equates to the excess overwinter rainfall 

 

Literature on nitrate leaching following autumn applications of fertiliser N 
Goss et al. (1993) reported on a series of 8 years of trials including direct drilling and ploughing 

treatments, as well as some where autumn fertiliser N was applied. Across all ploughed 

experiments, they reported that loses of nitrate between the previous harvest and spring 

application of nitrogen fertiliser were equivalent to 22 kg N/ha + rate of autumn fertiliser application 

(kg N/ha). This indicates that all of the autumn applied N leached. The straw was burnt (and 

subsequently shallow incorporated) on most sites. The authors concluded that reducing the use of 

autumn fertiliser N would make the largest contribution to reducing leaching losses from ploughed 
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systems. The conclusions for the direct drilled plots were less clear, with no apparent relationship 

between autumn N applied and nitrate leached from the limited data reported. However, leaching 

losses were higher following an oilseed rape crop than following winter wheat, which suggests 

different rotations may pose varying risks to nitrate leaching (Goss et al., 1993).  

 

More recently, despite increases in cover crop N content reported by Cooper et al. (2017), mean 

nitrate concentration in porous pots were increased in starter fertiliser treatments (0.8 mg NO3-N/L) 

compared to unfertilised fields (0.3 mg NO3-N/L). The starter fertiliser treated fields were all either 

shallow non-inversion cultivated or direct drilled, but the form of starter fertiliser used was not 

reported. This experiment showed there was no effect of reduced tillage compared to ploughing on 

the rate of nitrate leaching throughout the season, yet the nitrate leaching losses recorded in 

February were significantly higher from the starter fertiliser treated plots. The authors attribute this 

to the fact that, although there was an increase in the mean N uptake of 9.8 kg N/ha, this was 

much lower than the 30 kg N/ha applied, and thus the soil N contents were significantly increased 

at each of the 0-30, 30-60 and 60-90 cm depths. Since in this case, the aim of the cover crop was 

to reduce nitrate leaching, the application of a starter fertiliser was concluded to be detrimental, 

despite increasing biomass. Nonetheless, the use of cover crops was very effective at reducing 

nitrate leaching in both February and April, when compared to the fallow treatment. In the following 

year, the starter fertiliser used was turkey manure, so it was not possible to disentangle the effects 

of N from other nutrients (River Wensum DTC, 2017).  
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5. Conclusions 

5.1. Winter Cereals 

The crop demand for N uptake during the autumn was estimated at 27-29 kg N/ha for winter cereals 

to achieve the AHDB Growth Guide February benchmarks for high yielding winter wheat and winter 

barley. The median estimated supply of autumn N under zero tillage was ca. 60-80 kg N/ha, which 

accounts for the N supply from planted seed, crop residues, mineralisation rates and deposition from 

the atmosphere. This value is approximately 5-25 kg N/ha lower than reported for conventionally 

ploughed or min-tilled situations due to reduced mineralisation rates caused by the absence of 

cultivation. Based on the principles of current understanding of crop N demand and autumn soil N 

supply, we estimate that the majority (80-90%) of no-tilled winter cereal cash crops will have 

sufficient N from the soil N supply over autumn and therefore will not have a requirement for autumn 

fertiliser N.  

 

There is no evidence from experiments reviewed from both industry and literature sources that 

autumn N application gives a unique yield response for no-till cereals. The lack of evidence mainly 

results from an absence of any appropriate experiments under no-till conditions and with spring N 

treatments to test whether any autumn N effect is unique (i.e. could not be achieved by altering 

spring N management). Only 15 relevant experiments were found for winter cereals of which only 

three (all in Denmark) included a no-till treatment. There is evidence that autumn N application can 

increase cereal plant populations under reduced tillage conditions. However, further research is 

required to identify whether spring N could be used to help the crop compensate for any reduction 

in plant population.   

 

5.2. Winter Cover Crops 

The majority of cover crops will also have sufficient N to achieve 50% ground cover, but a minority 

of cover crops will have sufficient N to achieve 75% ground cover. Whether or not autumn SNS is 

sufficient depends on the primary function of the cover crop. If the primary function is to reduce the 

risk of erosion then a ground cover of 30% or more is sufficient and there is enough autumn SNS to 

achieve this in the majority of situations. If the primary function is to reduce nitrate leaching then the 

evidence is that any autumn applied N will increase the risk of nitrate leaching because not all autumn 

applied N is taken up by the cover crop before winter. If the primary function is to build fertility by 

using a legume to fix N, then autumn N would not be advised because this will reduce biological N 

fixation. Achieving 50% ground cover would result in a crop N uptake of approximately 50 kg N/ha 

which would represent a reasonable amount of N for returning to the soil before the establishment 

of the following crop. However, it is not yet known what level of ground cover would be required to 

provide economic benefits to the following spring crop. No evidence was available on whether an 

autumn N application could provide an economic benefit to the following spring cash crop. There is 
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evidence that autumn N application may increase the risk of weeds, and therefore would be 

detrimental to the use of cover crops to suppress weeds. There was no information available on the 

effect of autumn N on pest, diseases, soil structure or soil organic carbon levels. It is concluded that 

there is no justification for autumn applied fertiliser N to cover crops. 

 

 

5.3. Environmental effects 

Modelling the effects of autumn N application on nitrate leaching risk using the NITCAT model 

demonstrated that in all cases, if autumn N is applied to either cereals or cover crops, the risk of 

nitrate leaching is increased. However, if a crop is sown earlier, there is a smaller increase in the 

risk of nitrate leaching caused by autumn N. An autumn N rate of 30 kg N/ha was predicted to 

increase nitrate leaching losses by 7 to 12 kg N/ha for cover crops or cereal cash crops 

respectively (under low leaching risk scenarios). Under high leaching risk scenarios up to all of the 

autumn fertiliser N is predicted to be leached. The model predicted that halving the autumn N rate 

would half the risk of leaching, illustrating that the rate of autumn N is important.  

 

Evidence from the literature supports the conclusions from the NITCAT model. Whilst cover crops 

are known to reduce nitrate leaching risk, the application of fertiliser N can result in an increase in 

the leaching risk, because not all of the autumn fertiliser N is taken up by the cover crop before 

winter. This is unsurprising given that fertiliser uptake efficiency of cash crops during the highest 

rates of plant growth are only around 60% for cereals and oilseed rape.   

 

5.4. Recommendations for the Nutrient Management Guide 

Overall, the review has indicated that there is insufficient evidence to change the current 
autumn N guidance for no-tilled winter cereal or winter cover crops. This is a consequence of 

there being a lack of UK data for both winter cereals and winter sown cover crops to determine 

whether autumn N can give a unique yield or quality improvement under no-till conditions. The 

principles of crop N demand and SNS suggest that there is unlikely to be a demand for autumn 

fertiliser N for both winter cereals and winter sown cover crops in the majority of cases. However, 

the lack of field based evidence means this theory cannot be tested. There are, however, clear 

indications that no-till conditions create a different environment for the establishment of winter 

cereal and winter cover crops compared to conventional inversion ploughing. There is therefore 
sufficient evidence to justify research to provide evidence to support nutrient planning 
guidance for no-till crops. Knowledge gaps identified in this review and recommendations for 

further research are outlined in Section 6. 
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6. Knowledge gaps and recommendations for further research 

6.1. Winter cereals 

- No-till cereal management – there is a clear lack of evidence on the interactions between 

several factors influenced by no-till management and crop N demand, both over the whole 

growing season and during specific phases of development. It will be important to first 

understand which factors (e.g. nutrient availability, weed/disease/pest incidence and rooting 

etc.) are the primary limiting factors for autumn crop development under no-till conditions. 

These are important knowledge gaps because i) they currently limit farmers ability to 

maximise productivity using no-till and ii) it is difficult to determine the need for autumn 

fertiliser N applications without first understanding all potential limitations to crop growth 

and yield under no-till conditions. 

- Environmental/leaching risks – It is well understood that autumn applications of N 

increases the risk of nitrate leaching, but there is limited UK evidence at relevant scales to 

determine the effect of various interacting factors (e.g. cultivation method, residue C:N and 

quantity) on the risk of nitrate leaching.  

- Yield/quality responses to autumn N applications – There is a lack of experimental data 

to answer the question whether autumn N can give a unique yield or quality improvement 

under no-till conditions that cannot be achieved by altering spring N management. Related 

knowledge gaps include; is the response to autumn N affected by the management and 

type of previous crop residues and soil type, should the autumn N be broadcast or placed 

with the seed, what is the optimum rate of autumn N and what is the mechanism by which 

autumn N improves yield (e.g. improved plant establishment)? 

 
6.2. Winter cover crops 

- Effects on following spring crop – Several studies have measured effects of autumn N 

on the cover crop, but there is insufficient information on the effect on the following cash 

crops.  

 

6.3. Recommendations for future research  

This review has identified a primary requirement for further research on no-till management 

systems. It is vital to first understand which factors limit crop performance under no-till conditions 

before focussing on one factor (e.g. N supply). Lundy et al. (2015) found that N fertiliser only 

explained 2% of the yield decline under no-till in temperate regions, and other factors are also 

important. Factors that need to be addressed include; soil quality, root development, nutrient 

availability, residue management and weed, pest and disease management. No-till systems are 

often cited to be to enhance soil quality when compared to conventional ploughing (Townsend et 



33 

al., 2016), yet the yields achieved can be more variable (Jarvis & Woolford, 2017), and to date 

uptake of no-till is relatively limited (ADAS, 2015).This may be in part due to the poor 

understanding of how best to manage no-till systems for increased productivity and improved soil 

quality. There are examples of studies exploring the role of no-till and min-till under UK conditions 

(e.g. The Allerton Project; McKenzie et al., 2017), however if no-till is to be more widely used in the 

UK, more long term studies on a range of soil types, rotations and under different environmental 

conditions are required to provide reliable management guidelines relevant to UK growers. Both 

tramline trials and small plot experiments lend themselves to answering these questions, the 

strengths and weaknesses of each approach are summarised in Table 11. 

 

Long-term studies are recommended as the effect of no-till and minimal cultivation methods are 

known to develop over many years (Soane et al. 2012) and are generally not adopted for short 

term use. These studies should include no-till and different depths of shallow min-till cultivation 

treatments (including strip till) across a range of UK soil types and environments. The experiments 

should be followed through a number of cropping seasons with a range of key assessments to 

determine what the limiting factors on growth and nutrient management may be under UK 

conditions. These could be established as long term split-field or tramline trial designs which 

enable the use of farm-scale cultivation equipment. Assessments and treatments could then be 

super-imposed on these sites. This would help to determine the long-term effects of no-till and 

minimal cultivation methods on yields of all crops within a rotation, as well as longer term impacts 

on soils and the environment. Statistical analysis may be carried out using both traditional analysis 

of variance and a more precise test can now be made using the ADAS initiated ‘Agronōmics’ 

approach which uses raw combine yield map data to compare the effects of treatments applied to 

tramlines or split-fields (Sylvester-Bradley et al. 2017). 

 

Focussed experiments could be used to assess the interactions between factors of interest under 

no-till management. These could be super-imposed within the long-term studies described above 

or carried out on other fields which have not been tilled.  For example testing the effect of different 

residue types (e.g. varying C:N ratios), nutrient availabilities (N, P, K, S etc.) or pest, weed and 

disease management methods under no-till conditions. This dual approach of large-scale/long-term 

and focussed management experiments will help to identify the primary factors limiting crop 

performance under no-till conditions and identify crop management approaches to help mitigate 

the effects of the key constraining factors. 
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Table 11. Strengths and weaknesses associated with small plot and tramline trials. 

 Small plot trials Tramline trials 

St
re

ng
th

s 

Able to test many treatments, inc. full spring 
N response. 

Lower costs per trial 

Can test interactions between autumn N, 
spring N & autumn P 

Can cover many 
environments/management practices 

Uses commercial drills/cultivation 
equipment 

W
ea

kn
es

se
s Greater costs per trial, unlikely to be able to 

run at many sites 
Max. 4 treatments to allow for replication  

Difficult to replicate commercial drilling 
conditions with experimental drills 

Can’t do full spring N response and 
calculate how much less spring N required 

Can’t test 3-way interactions very robustly 
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