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Abbreviations
Ag Agrotain (trade name) urease inhibitor (active ingredient is nBTPT)
AnA Anhydrous ammonia
AN Ammonium nitrate
AS Ammonium sulphate
BD Bulk density
nBTPT N-(n-butyl)-thiophosphoric triamide urease inhibitor
CAN Calcium ammonium nitrate
CEC Cation exchange capacity
DCD Dicyandiamide nitrification inhibitor
DNDC DeN:itrification - DeComposition
EF Emission factor
EU Edinburgh University
FFD Freshwater Fish Directive
GC Gas chromatography
HRI Horticulture Research International
IGER Institute of Grassland and Environmental Research
IPCC Intergovernmental Panel on Climate Change
N Nitrogen
NH3 Ammonia
NH4 Ammonium
N20 Nitrous oxide
NO:2 Nitrite
NOs Nitrate
NVZ Nitrate Vulnerable Zone
PSD Particle size distribution
QuB Queens University, Belfast
RR Rothamsted Research
U Urea
U+Ag500c Urea granules with 500ppm of nBTPT urease inhibitor (coated onto granule)
U+Ag1000c Urea granules with 1000ppm of nBTPT urease inhibitor (coated onto granule)
U+Ag250m Urea granules with 250ppm of nBTPT urease inhibitor (in the melt)
U+Ag500m Urea granules with 500ppm of nBTPT urease inhibitor (in the melt)
UAN Urea ammonium nitrate solution
UAN+Ag500 Urea ammonium nitrate solution with nBTPT urease inhibitor (500ppm of urea-N)
UAS Urea ammonium sulphate
UKAEI UK Ammonia Emissions Inventory
WFPS (Soil) water-filled pore space
ppmv gas concentration in parts per million by volume (equivalent to umol mol-")
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1. Executive Summary

1. Small plot crop response experiments with 1st cut silage (5 sites) and winter cereals (10 sites, mainly winter
wheat), showed that equivalent crop yields and crop N uptake could be obtained from all AN-based and
urea-based fertiliser-N materials under test, provided that sufficient fertiliser-N was applied.

2. Granular urea (without urease inhibitor) was commonly a less efficient fertiliser-N source than AN for winter
cereals, most probably due to N losses by ammonia volatilisation. Differences in the economic optimum N
(Nopt) rates for urea and AN varied widely between sites. On average, around 20% higher N rates were
needed as urea in order to achieve the same cereal crop yield and grain N/protein concentration from use
of AN. Addition of a urease inhibitor (nBTPT, trade name Agrotain) improved the efficiency of granular
urea-N so that only around 10% higher N rates were needed to match the performance of AN. There were
no consistent differences between AN and granular urea when applied in March to 1st cut silage crops,
probably because of rainfall falling soon after N application at these sites which would have reduced
ammonia volatilisation losses.

3. At RB209 recommended N rates (Anon, 2000), use of urea gave 0.3-0.4t/ha lower cereal grain yields and a
lower grain N/protein concentration. This indicates that if N rates were to be capped by legislation then
farmers using urea would suffer poorer crop performance compared to those using AN.

4. Liquid UAN was commonly a less efficient source of fertiliser-N for winter cereals than granular urea and
AN. Use of liquid UAN in practice would justify around 30% higher N rates compared to use of AN, or 20%
higher if treated with the urease inhibitor nBTPT.

5. One of the most significant problems of urea-based fertilisers (without addition of a urease inhibitor) is their
unreliability, probably due to the wide variations in ammonia loss rates (ammonia losses ranged from 2 to
58% in the NT2605 ammonia loss field studies). This unreliability is of great agronomic significance and
means that recommended N rates for urea-based fertilisers are likely to be much less precise than those
for AN. In the context of measures to control diffuse air and water pollution of the environment, it is
increasingly important to encourage the use of the most reliable fertiliser-N materials and associated
recommendation systems.

6. Use of the Agrotain urease inhibitor is an attractive option to improve the efficiency and reliability of urea-
based fertilisers, and to mitigate ammonia emissions to the atmosphere. Although granular urea and liquid
UAN are less reliable alternatives to AN due to their unpredictable (often high) losses of N to the
environment, their treatment with nBTPT would make them much more attractive.

7. Economic optimum N rates for AN, were generally higher than those given by Defra’s RB209
recommendations (1st cut silage - 174kg/ha compared with 120kg/ha; winter cereals @ 3:1 breakeven ratio
- 207kg/ha compared with 170kg/ha).
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2. Introduction

21 The NT26 research programme

The NT26 research programme was set up by Defra to investigate the nitrogen (N) loss pathways, the
environmental and economic impacts, and the response of agricultural and horticultural crops to different forms
of fertiliser-N. The NT2605 project was part of a suite of projects in this programme as shown below (Final
report submission dates shown in brackets).

NT2601 Desk study reports on:
e Nitrogen fertilising materials (June 2003)
e Production and use of nitrogen fertilisers (August 2003)

NT2602 Desk study report on:
o Evaluation of urea-based nitrogen fertilisers (October 2003)
NT2603 Report of field studies (2002/03 cropping season):
e The behaviour of some different fertiliser-N materials (March 2004)
NT2604 and Facilities construction:
NT2606 ¢ Ammonia emissions from nitrogen fertilisers — wind tunnel construction (March 2004)
NT2605 This project
NT2610 Report of field studies (led by Silsoe Research Institute):

e Spreading accuracy of solid urea fertilisers (August 2005)

The following leading UK agri-environment research organisations participated in all NT26 projects (except
NT2610), including the NT2605 project reported here.

ADAS UK Ltd

Edinburgh University (EU)

Warwick HRI (HRI)

Institute of Grassland and Environmental Research (IGER), North Wyke
Queens University, Belfast (QuB)

Rothamsted Research (RR)

SAC Commercial Ltd (SAC)

The project was led by Peter Dampney, Principal Research Scientist, ADAS Boxworth Research Centre,
Cambridge who was the main point of contact with the Defra NT26 Steering Group.

2.2 The NT2605 project

The NT2601, NT2602 and NT2603 projects provided the basis for the field experimental and other work carried
out in NT2605 in cropping seasons 2003/04 and 2004/05. The overall aim of the project was to develop working
decision support systems (DSS) to evaluate the agronomic, environmental and economic impacts that would
result from changes in the use of different fertiliser-N materials in UK agriculture. More specifically, project work
packages (WP) covered the following topic areas:-

WP1a To investigate crop responses to different fertiliser N forms.
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WP1b To generate robust ammonia emission algorithms and emission factors for predicting the
loss of ammonia following application of different fertiliser N forms under a range of crop,
soil and environmental conditions. To evaluate the relationship between ammonia loss and
crop N use efficiency as a potential basis for revising current national standard nitrogen
fertiliser recommendations (Defra, 2000).

WP2 To generate robust nitrous oxide emission factors for predicting losses following
application of different fertiliser N forms under contrasting crop, soil and environmental
conditions.

WP3 To determine the optimum formulation method, addition rate and method of use of urea

treated with the urease inhibitor nBTPT (Agrotain), to maximise its ammonia abatement
potential and efficiency of N use by crops, whilst minimising any adverse phytotoxic effects.

WP4 To assess the risk of ammonium-N, nitrite-N or urea-N losses to surface waters and
groundwaters following the application of urea-based N fertilisers.

WP5 To assess the potential for urea or urea+Agrotain to cause phytotoxic effects during
establishment, in growing crops, or in marketable produce.

WP6 To construct a decision support system that will assess the economic impacts of changes
in the availability of different forms of N fertiliser on different farm types and UK agriculture.

WP7 To estimate and evaluate the agronomic, environmental and economic impacts at both
farm and national levels that would result following different hypothetical scenarios
concerning the availability of N-containing fertilisers to UK farmers.

Reporting of the NT2605 has been structured into a suite of 8 component reports, one for each work package
plus an over-arching Executive Summary for the whole project. Each report is self contained with its own
Executive Summary, but interacts with data and conclusions from other WPs where appropriate.

2.3 WP1a. Crop responses

The studies in WP1a tested the response of 15t cut silage and winter cereal crops to different fertiliser-N
materials, and built on the work in 2003 (the Defra NT2603 project). In NT2603 there were 21 experimental
sites covering a range of soil types and agricultural crops (winter cereals, spring barley and 1st, 2" and 3™ cut
grass silage). A wide range of fertiliser-N materials were tested at each site (including AN, urea, urea coated
with Agrotain, liquid UAN) but at a limited range of N rates.

A review of previous research work (Bhogal et al., 2003) showed that although there is a large amount of
information comparing crop responses to AN and urea, much of this comes from research carried out before
1980. There is relatively little research comparing responses to other forms of fertiliser-N such as ammonium
sulphate or liquid UAN solution. The general consensus from these studies was that urea gave more variable
results than AN and sometimes only 80-90% of the yield produced from other solid N fertilisers, especially
where nitrogen was applied during warm and dry conditions such as to grass during the summer. Lower grain
protein concentrations from the use of urea have also been reported. Limited work has shown that the use of
liquid UAN fertiliser can give similar (or lower) yields than solid urea, and lower yields than from AN.

There has been very little field experimental work in the UK on the use of urea treated with a urease inhibitor, in
either tillage cropping systems or on established grassland. The use of a urease inhibitor is the only practically
realistic method of mitigating ammonia emissions following urea use. The potential beneficial effects of the
inhibitor nBTPT (N-(n-butyl)-thiophosphoric triamide) have been reported by several authors and reviewed by
Bhogal et al. (2003). This inhibitor is now commercially available under the trade name of Agrotain. Results
from the NT2603 project indicated that urea granules coated with Agrotain reduced emissions of ammonia
(Dampney et al., 2003).
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3. Experimental design, treatments and methods

3.1 Experimental sites

Crop response experiments using replicated, small plots were carried out in harvest years 2004 and 2005 at a
total of 15 sites located in England and Scotland (Table 1). The test crop at each site was either first cut silage
(5 sites), winter wheat (9 sites) or winter barley (Gleadthorpe 2005). Each site was managed by one of the
Consortium partner organisations, conforming to the requirements set out in the approved protocols. Details for
each site including treatment application dates and rainfall following application are given in Appendix 1.

Direct measurements of ammonia emissions from selected fertiliser-N materials (100kg/ha application rate) and
timings (N1, N2 or N3) were taken at each field site using an adjacent but separate replicated small plot
experiment with wind tunnels. The N application dates were usually slightly different for the crop response and
ammonia emission tunnel experiments. Full details and results of the ammonia emission experiments are given

in Chadwick et al. (2005). Measurements of nitrous oxide emissions were also taken at selected sites and
selected plots in the crop response experiment. Full details and results of the nitrous oxide emission
experiments are given in Smith et al. (2006).

Table 1. Experimental sites
Site Location Year Soil, climate Ammonia emission experiments
No.
First cut silage
1. IGER Rowden 2004 Medium/heavy, wet N1 — Early March
N2 — Early April
2. SAC Crichton 2004 Medium/heavy, wet N1 — Mid March
Winter wheat
3. Rothamsted 2004 Sandy, dry N2 — Early April (GS30/31)
4. Rosemaund 2004 Medium, moderate N3 — May (GS32)
5. High Mowthorpe 2004 Calcareous, dry N3 — May (GS 32)
6. Terrington 2004 Medium, dry N2 — Mid April (GS 30/31)
7. Boxworth 2004 Heavy, dry N3 — Early May (GS 32)
First cut silage
8. IGER De Bathe 2005 Sandy, wet N1 — Mid March
9. IGER Rowden 2005 Medium/heavy, wet N1 — Mid March
10. High Mowthorpe 2005 Calcareous, dry N1 — Mid March
Winter wheat (except winter barley at Gleadthorpe )
11. Rothamsted 2005 Sandy, dry N2 - April (GS31)
12. Gleadthorpe 2005 Sandy, dry N2 — Late March (GS30/31)
13. SAC Bush 2005 Medium, moderate N3 — Late April (GS31)
14. Boxworth 2005 Heavy, dry N2 — Mid April (GS30/31)
15. Terrington 2005 Medium, dry N3 — Mid April (GS31)

At selected sites, nitrous oxide measurements were taken from plots of control and RB209 recommended N

rate treatments (site locations in italics).
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3.2 Experimental treatments and design

3.2.1  Treatments and design

At each site, 7 rates of 5 different fertiliser-N materials were tested as shown below. The fertiliser-N materials
tested varied depending on the experimental year and test crop, as shown below. There were also differences
between 2004 and 2005 due to the availability of test fertiliser materials. Details of the test fertiliser materials
are given in 3.2.2.

First cut silage (2004) Ammonium nitrate (AN)
Urea (U)
Urea+Agrotain 1000mg nBTPT/kg urea, coated (U+Ag1000c)
Urea+Agrotain 500mg nBTPT/kg urea, coated (U+Ag500c)
Urea ammonium sulphate (UAS)

0, 40, 80, 120, 160, 200, 240 kg/ha N
N rates split between mid Feb-mid March (N1) and late March/early April (N2)
(0+40, 40+40, 40+80, 40+120, 80+120, 80+160)

Winter cereals (2004) Ammonium nitrate (AN)
Urea (U)
Urea+Agrotain 1000mg nBTPT/kg urea, coated (U+Ag1000c)
Liquid UAN (UAN)
Liquid UAN+Agrotain 1000mg nBTPT/kg urea (UAN+Ag1000)

0, 40, 100, 160, 220, 260, 300, 340 kg/ha N

40 kg/ha N applied in late February/early March (N1) with the balance split equally
between applications at GS 30/31 in early April (N2) and GS 32 at the end of
Aprillearly May (N3).

First cut silage (2005) Ammonium nitrate (AN)
Urea (U)
Urea+Agrotain 500mg nBTPT/kg urea, coated (U+Ag500c)
Urea+Agrotain 500mg nBTPT/kg urea, melt (U+Ag500m)
Urea+Agrotain 250mg nBTPT/kg urea, melt (U+Ag250m)

0, 40, 80, 120, 160, 200, 240 kg/ha N
N rates split between mid Feb-mid March (N1) and late March/early April (N2)
(0+40, 40+40, 40+80, 40+120, 80+120, 80+160)

Winter cereals (2005) Ammonium nitrate (AN)
Urea (U)
Urea+Agrotain 500mg nBTPT/kg urea, melt (U+Ag500m)
Liquid UAN (UAN)
Liquid UAN+Agrotain 500mg/kg (UAN+Ag500)

0, 40, 100, 160, 220, 260, 300, 340 kg/ha N

(40 kg/ha N applied in late February/early March (N1) with the balance split equally
between applications at GS 30/31 in early April (N2) and GS 32 at the end of
Aprillearly May (N3).

A randomised block design was used at each site with 4 (grass) or 3 (cereals) replicate blocks. Separate plots
for destructive sampling to study crop N uptake were located adjacent to plots of the same treatments that were
used for harvest assessments. Cereal plots were typically 3.5-4.0m wide and 20-24m long with at least
c.50cms discard outside the planned harvest width. Grass plots were typically no smaller than 2m by 6m with a
50cm discard between adjacent plots.
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All fertiliser-N materials were applied by hand except at High Mowthorpe where they were applied using a
purpose-built small plot applicator. Liquid UAN solution was applied using a hand-held boom fitted with
streamer nozzles to minimise crop scorch. Overall basal phosphate, potash and sulphur (e.g. as potassium
sulphate) fertilisers were applied according to individual site requirements and to prevent any nutrient
deficiencies. Other agro-chemicals were applied as needed and according to good agricultural practice to
control weeds, pests, diseases and lodging.

3.2.2 Sources of fertiliser-N materials

All fertiliser-N materials were obtained centrally by ADAS from a common source, and then distributed for use
at each experimental site. The details of each fertiliser-N material, including the declared label information, are
shown below. The declared nitrogen analysis of each material was confirmed by laboratory tests.

Prilled ammonium nitrate (AN)
UK manufactured, 34.5% N.

Granular urea (U)
46% N, mean particle size 3.2mm. Also used for coating with Agrotain (nBTPT) - see below.

Granular urea with nBTPT (N-(n-butyl)-thiophosphoric triamide; trade name ‘Agrotain’) urease inhibitor

In 2004, only urea coated with Agrotain was available for testing. Agrotain product (25% nBTPT active
ingredient) was coated to granular urea at rates of 500mg nBTPT/kg urea (U+Ag500c) and 1000mg nBTPT/kg
urea (U+Ag1000c), using a high velocity centrifugal seed dressing machine. Laboratory tests of nBTPT
confirmed that a very even coating was obtained. These coated urea materials were centrally prepared at
ADAS Boxworth at intervals during the season, and used at each experimental site within 2 weeks of
preparation. The content of nBTPT in each batch was confirmed by Queens University Belfast using HPLC
analysis.

In 2005, urea with Agrotain added to the urea melt was available for testing. This material was specially
produced by addition of Agrotain to the hot urea melt before the granulation process. This method of addition
means that the Agrotain is evenly mixed within each urea granule rather than as an external coating. Material
with 2 rates of Agrotain addition were tested — 250mg nBTPT/kg urea (U+Ag250m) and 500mg nBTPT/kg urea
(U+Ag500m). The materials were specially prepared using a pilot granulation plant. The content of nBTPT was
confirmed on receipt, and then monitored through the application season by Queens University Belfast using
HPLC analysis. Additionally in 2005, urea coated with Agrotain was also used as in 2004, but at 500mg
nBTPT/kg urea (U+Ag500c).

Liquid urea ammonium nitrate solution (UAN)
UK manufactured (Chafers Nuram 37) product with 37% N (w/v), 28.7% N (w/w), clear solution, 14.3% ureic-N,
7.2% nitrate-N, 7.2% ammonium-N.

Liquid urea ammonium nitrate solution with nBTPT (N-(n-butyl)-thiophosphoric triamide; trade name ‘Agrotain’)
urease inhibitor

Liquid UAN (as above) with either 1000mg nBTPT/kg urea (UAN+Ag1000) in 2004, or 500mg nBTPT/kg urea
(UAN+Ag500) in 2005. To avoid any risk of deterioration of the UAN/Agrotain mixture, the Agrotain product was
added to UAN on site immediately before application.

Granular urea ammonium sulphate (UAS)
38% N (31.4% ureic-N, 6.6% ammoniacal-N): 18.75% SOs.

3.3 Assessments and methodologies

The following data were collected. All laboratory analyses were carried out using standard laboratory methods
based on Anon (1986). Key data with statistics are given in Appendix 2.

. History of cropping, and use of fertiliser-N and organic manures
o Soil mineral nitrogen (SMN) — whole site in Feb/early March before any fertiliser-N applied.
«  Soil profile description and soil series
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e Topsoil pH, P, K, Mg, %CaCOs, %org C, %total N, particle size distribution (PSD), cation exchange
capacity (CEC), bulk density (BD, optional)
. Descriptive and photographic record
« Application dates and daily meteorological data
. Crop N uptake (control and all materials at recommended N rate)
— Grass: 3 weeks after N2 application
— Cereals: GS39 (flag leaf merged) and at anthesis
« Atharvest (per plot), crop yield, total N% (grass), grain N%, straw N uptake and lodging (cereals)

3.3.1  Crop N uptake

Samples were taken using a square quadrat with internal dimensions of 0.71 by 0.71m (0.5m?) for cereal crops,
and 0.50 by 0.50m for grass crops. On each sampling occasion, whole crop samples to within 2cm of ground
level were taken from 2 quadrat areas per plot, removing any soil contamination before further processing.
Total fresh weight, dry matter content (DM%) and crop N content (N%) were determined, and total crop N
uptake (kg/ha N) calculated. The apparent recovery of applied fertiliser-N was calculated as:-

Apparent recovery (%) = Crop N offtake (treatment) — Crop N offtake (control) x 100
Rate of fertiliser-N applied

3.3.2  Harvest yield and quality

At harvest, yield measurements were taken using standard methods appropriate for the crop type. All cereal
crops were harvested using a small plot combine; grass crops were harvested using either a Haldrup small plot
harvester or motorised grass mower.

3.3.3  Statistical methods

3.3.3.1 Analysis of variance (ANOVA)

Each experiment was analysed as 3 blocks (cereals) or 4 blocks (grass) of a 6 by 5 factorial plus a control. The
analyses compared the control with the mean of all the factorial treatments and then analysed the factorial part
of the trial testing for differences between fertiliser materials, N rate and the interaction between fertiliser
material and N rate - i.e. testing if the response to N over the range of N rates tested was the same for each
fertiliser.

3.3.3.2 Curve fitting

For each site, an economic N optimum (Nopt) was calculated using a linear plus exponential model (LEXP)
fitted with floating r [y = a+br*x+cx]. For those sites where the value of floating r was outside the range 0.8299-
0.9999, the curve was refitted with r fixed at 0.99.

Economic optimum N rates (Nopt) were calculated [Nopt = (In(k-c)-In(b(In(r))))/In(r)] using a value (k) of 0.003
and 0.006 for cereals. The value k is the breakeven ratio of grain price to nitrogen cost; recommendations
published in RB209 are based on a 3:1 ratio, but current grain and fertiliser-N prices commonly result in a ratio
of around 6:1. For grass, Nopt values were derived for breakeven ratios of 7.5:1 and 10:1 which are
representative of intensive and less intensive production systems. The associated yield at the economic
optimum N rate (Yopt) was calculated for each breakeven ratio.

The grain N% at Nopt was determined using a Normal Type curve with Depletion [N%=D+C*exp(-A*(N-B)**2)]
or a straight line [N%=a+bx] depending on the shape of the response.
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4. Results

The results below summarise data from field experiments carried out in both the 2004 and 2005 seasons. Full
data for each site is contained in Appendix 2.

4.1 Rainfall and decay of fertiliser particles

Rainfall during the first 5 days following application is considered to reduce ammonia emissions (Chadwick et
al., 2005). Table 2 shows these rainfall data for each site and visual observations of the physical decay of the
fertiliser-N materials.

Excluding N1 applications (where N rates were mostly only 40kg/ha or 80kg/ha if 1st cut silage at total N rates
of 200 and 240kg/ha), 4 out of 5 grassland sites received more than 5mm rainfall in the first 5 days following N2
application. At 3 sites (Crichton 2004, DeBathe and High Mowthorpe 2005), this rainfall amount was received
following both N1 and N2 applications. At the winter cereal sites, this rainfall amount occurred at 9 out of 20 N
applications. The only winter cereal site to receive over 5mm rainfall following both N2 and N3 applications was
Gleadthorpe 2005.

Table 2. Total rainfall (mm in first 5 days) after each N application, and fertiliser decay
First cut silage
Site N1 N2 Fertiliser decay
(mm) (mm)
2004
Rowden 2 22 N1: up to 2 day delay in breakdown of urea types
Crichton 20 29 N1: no rain for 2 days, delay in breakdown of solid urea-based
fertilisers
2005
De Bathe 11 18 Rapid within 24 hours
Rowden 3 18 N1: 1 day delay in breakdown of solid urea-based fertilisers
High Mowthorpe 8 1 N1: Rapid within 24 hours, rain after application
Winter cereals
Site N1 N2 N3 Fertiliser decay
(mm) (mm) (mm)
2004
Rothamsted 6 4 8 Rapid within 24 hours
Rosemaund 1 0 0 No data after day 1
High Mowthorpe 0 19 0 All materials gone by day 3
Terrington 4 11 0 Rapid within 24 hours
Boxworth 2 14 1 Rapid within 24 hours
2005
Rothamsted 1 5 4 N3 — 1 day delay urea types
Gleadthorpe 1 13 7 N2 — up to 2 day delay in breakdown of urea types
SAC Bush 16 0 21 N3 - up to 2 day delay in breakdown of urea types
Boxworth no data 0 4 N2 & N3 — up to 1 day delay in breakdown of urea types
Terrington 0 7 2 N3 - up to 1 day delay in breakdown of urea types

4.2 Crop scorch

Some leaf scorch from use of liquid UAN was observed at 4 sites in 2005. No scorch was observed following
application of any solid fertiliser material. Visual assessments (Table 3) recorded scorch following N3
applications of liquid UAN at Rothamsted (<4% leaf area scorched), Boxworth (<14%) and Terrington (<7%).
At Rothamsted and Boxworth the degree of scorch increased with application rate but there was no difference
between UAN and UAN+Agrotain. Scorch from liquid UAN was also observed at Gleadthorpe.
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Table 3. Leaf scorch assessments from use of liquid UAN (% leaf scorch)
Site, year Total N rate (kg/ha)
40 100 160 220 280 340
Rothamsted, 2005 UAN 0 1.7 2.2 2.7 3.8 4.7
UAN+Ag 0 1.3 1.8 3.2 4.2 4.8
Terrington, 2005 UAN 0 6.7 7.7 6.3 6.3 6.7
UAN+Ag 0 8.0 6.7 6.7 6.7 5.7
Boxworth, 2005 UAN 0 5.3 8.7 10.0 10.0 12.3
UAN+Ag 0 4.3 8.7 8.7 11.0 14.0

4.3 Economic optimum N rates and crop yields

For each site, data for Nopt (economic optimum N rate) and Yopt (yield at Nopt) have been calculated based
on curve fitting using the LEXP function (see section 3.3.3.2). The standard error of each Nopt is shown — some
of these are quite high which is typical for optima derived from curve fitting (the 95% confidence interval is the
Nopt +/- 2 se’s). Full data for each site with statistics are given in Appendix 2, including charts of each response
curve and the derived parameters.

At some sites, the Nopt could not be determined as it was above the highest rate tested (Nmax). These are
shown in the following tables as either >240kg/ha (1st cut silage) or >340kg/ha (winter cereals).

NB. When calculating mean values for Nopt, it has been assumed that where the Nopt is over Nmax, then the
Nopt is the same as Nmax. For these sites, the Yopt values are given as the fitted yield at Nmax (shown with a
> sign). It should be noted that this approach will result in a lower mean value than if the real Nopt could have
been determined.
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431 Grassland

Site data has been analysed to provide Nopt and Yopt values for each fertiliser-N materials at breakeven ratios
of both 7.5:1 (used in RB209 for silage cuts and dairy grazing) and 10:1 (used in RB209 for grazing by beef and
sheep). However, all conclusions are drawn from data at a 10:1 ratio. These data are shown in Table 4 (Nopt)

and Table 5 (Yopt); data for Nopt at a 7.5:1 ratio are given in Appendix 1. There were no statistically significant
interactions between N rate and fertiliser-N materials.

The RB209 recommended N rate was 120kg/ha at all sites.

Table 4. Nopt, kg/ha N at 10:1 ratio (se in brackets)
Site AN U U+Ag500c | U+Ag1000c U+Ag500m U+Ag250m UAS
(se) (se) (se) (se) (se) (se) (se)
2004
Rowden 136 124 122 125 >240
(33.1) (22.0) (19.6) (19.0)
Crichton 104 104 104 156 101
(19.3) (34.6) (17.0) (133.0) (14.2)
Mean (2004) @ 120 114 113 141 171
2005
De Bathe 188 >240 >240 190 197
(38.7) (48.0) (65.0)
Rowden 145 132 113 184 >240
(49.5) (48.9) (33.3) (172.0)
High Mowthorpe 126 131 139 121 124
(15.6) (25.0) (>139) (5.6) (9.0)
Mean (2005) 2 153 168 164 165 187
% of AN (all years) ® 100 104 103 118 108 122 143
Excluding sites where Nopt is >240kg/ha
No. of sites 5 4 4 2 3 2 1
% of AN ° 100 96 94 118 108 102 97
Sites where Nopt 10of4 1of4 10f2 20of3 10f2 0 of 1
higher than AN

a  Where Nopt is >240kg/ha (Nmax), then the Nopt is assumed to be 240kg/ha. This will result in a lower mean value than
would be found if the real Nopt (above Nmax) could have been determined.

b  Calculated from paired values of AN with the relevant fertiliser-N material — the number of pairings depends on the
number of sites where the material was tested (e.g. 3 pairings for U+Ag500m).
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Table 5. Yopt, t/ha N at 10:1 ratio (se in brackets)
Site AN u U+Ag500c | U+Ag1000c U+Ag500m U+Ag250m UAS
(se) (se) (se) (se) (se) (se) (se)
2004
Rowden 4.36 4.84 4.43 4.80 >5.61
(0.34) (0.21) (0.16) (0.19)
Crichton 5.41 5.25 5.38 5.88 5.40
(0.19) (0.34) (0.17) (1.11) (0.14)
Mean (2004) 4.89 5.05 4.91 5.34 >5.51
2005
De Bathe 5.36 >6.25 >6.14 5.68 5.50
(0.40) (0.59) (0.67)
Rowden 5.80 5.31 5.36 5.90 >6.81
(0.26) (0.34) (0.30) (0.17)
High Mowthorpe 4.15 4.07 4.18 4.39 4.23
(0.12) (0.13) (0.25) (0.10) (0.087)
Mean (2005) 2 5.10 5.21 5.23 na 5.32 >5.51 na
% of AN (all years) ° 100 103 102 109 104 108 113
Excluding sites where Nopt is >240kg/ha
No. of sites 5 4 4 2 3 2 1
% of AN P 100 99 98 110 104 102 -
Sites where Yopt 10f4 20f4 20f2 30f3 20f2 -
higher than AN

a Where Nopt is >240kg/ha (Nmax), then the Yopt is assumed to be the fitted yield achieved at Nmax (shown with a >
sign). This will result in a lower mean value than would be found if the real Nopt (above Nmax) could have been

determined.

b  Calculated from paired values of AN with the relevant fertiliser-N material — the number of pairings depends on the
number of sites where the material was tested (e. g. 3 pairings for U+Ag500m).

Key points and conclusions are:

1. There were no significant differences between the Nopt values for any fertiliser-N material. Although the
mean Nopt for granular urea was slightly higher than for AN, this was not a consistent effect and strongly
influenced by the results from one site (De Bathe 2005).

2. There were no significant differences between the Yopt values for any fertiliser-N material. The mean

values for all urea-based materials were higher than the mean for AN, indicating that there was no

unavoidable yield penalty from use of any of the urea-based materials.

3. The absence of any clear effects between the fertiliser-N materials applied to grassland, may be because
the N applications were made during the spring. At 4 out of 5 sites, over 5mm rainfall was recorded in the

first 5 days following N2 applications (Table 2). This, together with the cooler conditions in March when the
N applications were made, would be expected to minimise ammonia emissions from urea-based fertilisers.

There were no effects of the Agrotain urease inhibitor. This is not unexpected as there was no evidence of
any reduced uptake of urea-N compared to An-N, indicating that ammonia emissions were low or absent at
these sites.
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4.3.2

Winter cereals

Site data has been analysed to provide Nopt and Yopt values for each fertiliser-N materials at breakeven ratios
of both 3:1 and 6:1. However, all conclusions are drawn from data at a 6:1 ratio which is typical of fertiliser cost
and crop price conditions for the 2005/06 season. These data are in Table 6 (Nopt) and Table 7 (Yopt); data for
Nopt at a 3:1 ratio are given in Appendix 3. There were no statistically significant rate by fertiliser-N material

interactions except where described.

Table 6. Nopt, kg/ha N at 6:1 ratio (se in brackets). Note The RB209 N rate is shown at a 3:1 ratio
Site RB209 AN U U+Ag1000c U+Ag500m UAN UAN+Ag1000 UAN+Ag500
N rate (se) (se) (se) (se) (se) (se) (se)
(3:1)2
2004
Rothamsted 160 157 127 140 No data No data
(13.9) (24.2) (18.2)
Rosemaund 100 137 132 162 >340 223
(22.2) (25.7) (23.4) (30.1)
High 240 214 232 210 271 233
Mowthorpe (17.8) | (22.5) (7.2) (48.5) (18.4)
Terrington 150 135 >340 180 212 203
(20.5) (23.8) (43.2) (79.2)
Boxworth 180 190 215 218 207 208
(40.1) (14.4) (24.0) (14.7) (>208)
Mean (2004) © 166 167 209 182 258 217
(4 sites) (4 sites)
2005
Rothamsted 160 230 >340 200 248 220
(147.4) (47.4) (23.6) (118)
Gleadthorpe 160 122 85 102 113 126
(22.3) (18.9) (18.6) (22.4) (19.4)
SAC Bush 220 239 269 293 249 >340
(27.1) (85.5) (99.5) (65.9)
Boxworth 150 62 65 103 52 68
(35.0) (30.8) (>103) (>52) (>68)
Terrington 180 235 249 262 336 240
(11.8) (28.9) (35.1) (226) (25.3)
Mean (2005) © 174 178 202 192 200 199
% of AN 100 119 109 108 130 130 112
(all years) ¢
109 119
Excluding sites where Nopt is >340kg/ha
No. of sites 10 8 5 5 8 4 4
% of AN ¢ 100 101 109 108 118 128 101
Sites where 50f 8 3of5 3of5 6 of 8 4 of 4 3of4
Nopt higher
than AN

a Based on Anon (2000) and a 3:1 breakeven ratio
b  Where Nopt is >340kg/ha (Nmax), then the Nopt is assumed to be 340kg/ha. This will result in a lower mean value than

would be found if the real Nopt (above Nmax) could have been determined.

¢ Calculated from paired values of AN with the relevant fertiliser-N material — the number of pairings depends on the
number of sites where the material was tested (e.g. 5 pairings for U+Ag1000c).
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The data in Table 6 have been summarised by assuming that (i) all tested formulations of Agrotain with urea
granules behave in the same way, and (ii) all tested formulations of Agrotain in liquid UAN behave in the same
way. These are clear conclusions from both Chadwick et al. (2005) and Watson et al. (2005). Based on these
assumptions, a summary of the mean relative Nopt values for AN (AN=100) compared to urea and liquid UAN,
both with and without addition of Agrotain is shown in Figure 1.
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Figure 1. Overall relative mean values for Nopt (6:1 ratio), assuming that if Nopt is >340kg/ha then

Nopt = 340kg/ha (winter cereals, mean of 10 sites)

Key points and conclusions are:

1.

There were no statistically significant differences between Nopt values at any site in either year. At 3 sites,
there were Nopt values above the Nmax rate and well above the Nopt for AN (from urea at Terrington 2004
and Rothamsted 2005; from UAN at Rosemaund 2004). In these cases, significance testing was not
possible as a standard error cannot be calculated if the Nopt is over Nmax.

Assuming that if Nopt is over Nmax then Nopt = Nmax (340kg/ha), and also assuming that all tested
formulations of Agrotain with urea granules behave in the same way, and all tested formulations for
Agrotain in liquid UAN also behave in the same way, the following average differences in Nopt can be
calculated compared to the Nopt for AN:

19% higher for urea (4 out of 10 sites were over 10% higher)

9% higher for urea granules with Agrotain

30% higher for liquid UAN (7 out of 9 sites were over 10% higher)

19% higher for liquid UAN with Agrotain

Examination of rainfall data in the 5 days following N application (Table 2), indicates that rainfall may be a
factor influencing the difference in Nopt values between AN and urea-based fertilisers. This would be
expected according to Chadwick et al. (2005).

e over 5mm rainfall was recorded following neither N2 and N3 applications at Rosemaund 2004 and
Rothamsted 2005 (i.e. consistently dry). At these sites, either urea or liquid UAN had much higher Nopt
values than from use of AN.

e over 5mm rainfall was recorded following either N2 or N3 applications at 8 other sites.
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e over 5mm was recorded following both N2 and N3 applications at Gleadthorpe 2005 (i.e. consistently

wet). The Nopt for urea-based fertilisers was no higher than for AN.

4. For all 10 sites, the mean fitted Nopt rate for AN was 173kg/ha (6:1 ratio). At a 3:1 ratio, the mean Nopt
was 207kg/ha (see Appendix 3), which is 37kg/ha higher than the mean RB209 recommended N rate of

170kg/ha (3:1 ratio), though this includes one site where Nopt was >Nmax and is assumed to be 340kg/ha.

The grain yield at each Nopt rate (Yopt) is shown in Table 7. Yields from use of RB209 recommended N rates

(Anon, 2000) is shown in Table 8.

Table 7. Yopt, t/ha at Nopt at 6:1 ratio (se in brackets)
Site AN U U+Ag1000c U+Ag500m UAN UAN+Ag1000 UAN+Ag500
(se) (se) (se) (se) (se) (se) (se)
2004
Rothamsted 7.95 6.84 7.37 No data No data
(0.38) (0.14) (0.11)
Rosemaund 10.94 10.97 11.14 >11.88 11.41
(0.25) (0.24) (0.27) (0.20)
High 7.24 7.45 7.26 7.35 7.07
Mowthorpe (0.12) (0.15) (0.09) (0.35) (0.12)
Terrington 9.32 >9.46 8.94 8.75 8.68
(0.27) (0.31) (0.27) (0.41)
Boxworth 9.84 10.02 10.06 9.90 10.02
(0.18) (0.17) (0.22) (0.13) (8.40)
Mean (2004) 2 9.06 8.95 8.95 9.47 9.30
(4 sites) (4 sites)
2005
Rothamsted 8.05 >8.88 8.28 9.40 7.95
(1.14) (0.29) (0.46) (0.61)
Gleadthorpe 5.36 5.06 5.10 5.23 5.28
(0.22) (0.16) (0.18) (0.20) (0.17)
SAC Bush 9.10 9.14 10.17 9.06 >9.72
(0.19) (0.17) (0.21) (0.19)
Boxworth 9.27 9.05 9.17 8.69 8.90
(0.25) (0.27) (1.11) (0.35) (0.34)
Terrington 10.41 10.37 10.37 10.27 9.72
(0.16) (0.17) (0.18) (0.31) (0.23)
Mean (2005) @ 8.44 8.50 8.62 8.53 8.31
% of AN 100 100 99 102 101 100 99
(all sites) &
Excluding sites where Nopt is >340kg/ha
No. of sites 10 8 5 5 8 4 4
% of AN P 100 100 99 102 100 100 96
Sites where 40f 8 3of5 20f5 30f8 20of4 0of4
Yopt higher
than AN

a  Where Nopt is >340kg/ha (Nmax), then the Yopt is assumed to be the fitted yield achieved at Nmax (shown with a >
sign). This will result in a lower mean value than would be found if the real Nopt (above Nmax) could have been

determined.

b  Calculated from paired values of AN and the relevant fertiliser-N material
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Table 8. Yield at RB209 recommended N rates (yields derived from fitted response curves)
Site RB209 AN u U+Ag1000c | U+Ag500m UAN UAN+Ag1000 UAN+Ag500
N rate @ (se) (se) (se) (se) (se) (se) (se)
2004
Rothamsted 160 7.97 6.98 7.47 No data No data
(0.38) | (0.16) (0.15)
Rosemaund 100 10.60 10.71 10.41 9.45 9.77
(0.26) | (0.26) (0.30) (0.20) (0.25)
High 240 7.36 7.48 7.40 7.15 7.12
Mowthorpe (0.11) | (0.15) (0.08) (0.35) (0.12)
Terrington 150 9.39 8.18 8.69 8.24 8.29
(0.28) | (0.39) (0.30) (0.25) (0.40)
Boxworth 180 9.77 9.73 9.77 9.69 9.79
(0.18) | (0.17) (0.21) (0.14) (5.49)
Mean (2004) 9.02 8.62 8.75 8.63 8.74
2005
Rothamsted 160 7.50 6.98 7.96 8.40 7.46
(0.64) | (0.52) (0.32) (0.53) (0.61)
Gleadthorpe 160 5.49 5.27 5.25 5.40 5.42
(0.23) | (0.15) (0.19) (0.21) (0.18)
SAC Bush 220 8.96 8.75 9.52 8.83 8.58
(0.20) | (0.14) (0.19) (0.19) (0.18)
Boxworth 150 9.51 9.35 9.41 9.12 9.25
(0.19) | (0.19) (2.73) (0.22) (0.17)
Terrington 180 9.85 9.62 9.57 8.65 9.16
(0.15) | (0.19) (0.18) (0.16) (0.22)
Mean (2005) 8.26 7.99 8.34 8.08 7.97
% of AN 100 96.1 97.0 101.0 95.5 94.2 96.5
(all sites) ®
Sites where 8 of 10 3of5 3of5 8 of 9 3of4 50f5
yield lower than
AN
Actual yield -0.31 -0.39
difference with
AN (t/ha)

a Based on Anon (2000) and a 3:1 breakeven ratio
b Calculated from paired values of AN and the relevant fertiliser-N material

Key points and conclusions are:

1. There were no significant yield differences at Nopt application rates between the fertiliser-N materials
(Table 7). This indicates that the yield potential of the crop can be obtained from all sources of fertiliser-N
provided that application rates are sufficiently high.

2. If the same RB209 recommended N rate were applied (Table 8), average yields were lower from urea
(96.1% of AN) and liquid UAN (95.5% of AN), equivalent to 0.3-0.4 t/ha.
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4.4 Cereal grain nitrogen concentration

Because of the importance of grain N/protein concentration to milling wheat growers, the grain N% at Nopt for
each fertiliser-N material was determined from the fitted grain N% response curve (see Table 9).

Table 9. Grain N% at Nopt (6:1), (se in brackets)
Site AN U U+Ag1000c | U+Ag500m UAN UAN+Ag1000 | UAN+Ag500
2004
Rothamsted 1.79 1.63 1.75 * *
(0.031) (0.049) (0.033)
Rosemaund 1.72 1.67 1.80 >2.09 1.76
(0.048) (0.039) (0.032) (0.048) (0.031)
High Mowthorpe 2.38 2.33 2.36 2.38 2.31
(0.024) (0.033) (0.032) (0.025) (0.023)
Terrington 1.96 >2.08 1.98 2.05 1.97
(0.054) (0.058) (0.056) (0.057) (0.059)
Boxworth 2.16 212 218 217 217
(0.037) (0.034) (0.038) (0.024) (0.035)
Mean (2004) @ 2.00 1.97 2.01 217 2.05
(4 (4 sites)
sites)
2005
Rothamsted 213 >2.37 2.02 2.25 2.25
(0.053) (0.074) (0.045) (0.033) (0.078)
Gleadthorpe 1.91 1.55 1.76 1.63 1.81
(0.062) (0.057) (0.092) (0.051) (0.064)
SAC Bush 2.14 2.16 2.19 1.98 >2.28
(0.024) (0.038) (0.019) (0.033) (0.058)
Boxworth 2.01 2.01 218 1.96 2.03
(0.037) (0.051) (0.043) (0.052) (0.050)
Terrington 2.1 2.14 217 2.2 2.07
(0.035) (0.026) (0.024) (0.048) (0.043)
Mean (2005) @ 2.06 2.05 2.06 2.00 2.09
% of AN (all sites) 2 100 99 101 100 101 100 101
Excluding sites where Nopt is >340kg/ha
No. of sites 10 8 5 5 8 4 4
% of AN P 100 96 101 100 99 100 100
Sites where grain N% 50f8 2 0of 5 2 0of5 30f8 10of4 20f4
lower than AN

a  Where Nopt is >340kg/ha (Nmax), then the grain N% is assumed to be the fitted value achieved at Nmax (shown with a
> sign). This will result in a lower mean value than would be found if the real Nopt (above Nmax) could have been

determined.

b  Calculated from paired values of AN and the relevant fertiliser-N material
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The data can also be considered by comparing grain N% values at a specific N rate (chosen as 220kg/ha) —
see Table 10.

Table 10. Grain N% at 220kg/ha of applied N

Site AN U U+Ag1000c | U+Ag500m UAN | UAN+Ag1000 UAN+Ag500 sed

2004

Rothamsted 2.13 2.13 2.04 2.20 2.20 0.084

Rosemaund 1.97bc 1.91abc 1.99c 1.82a 1.75a 0.078
b

High Mowthorpe 2.46d 2.32bc 2.41cd 2.14a 2.26ab 0.062

Terrington 2.18 2.19 2.07 2.06 1.99 0.125

Boxworth 217 2.10 2.18 2.19 2.20 0.065

Mean (2004) 218 213 214 2.08 2.08

2005

Rothamsted 2.02 2.03 2.07 2.13 2.19 0.110

Gleadthorpe 2.55ab 2.44ab 2.71b 2.35a 2.43ab 0.135

SAC Bush 2.06 2.02 2.04 1.94 1.91 0.068

Boxworth 2.44 2.44 2.39 2.44 2.37 0.057

Terrington 2.07 2.06 2.06 1.92 2.03 0.067

Mean (2005) 2.23 2.20 2.25 215 219

Overall mean 2.21 2.16 2.20 212 213

(protein%) @ (12.6) (12.3) (12.5) (12.1) (12.2)

% of AN 100 98 98 ] 101 96 95 | 98

(all sites) ® 100 97

Sites where grain 6 of 10 3of5 3of5 6 of 30of5 4 0of 5

N% lower than 10

AN

a Protein% (100% DM basis) calculated as grain N% x 5.7
b  Calculated from paired values of AN and the relevant fertiliser-N material
Letters in rows which are different indicate means which are significantly different (p<0.05).

Key points and conclusions are:

1. There were no differences between grain N% values at Nopt application rates (Table 9). This indicates that

the same grain N% can be achieved from all sources of fertiliser-N provided that application rates are
sufficiently high.

2. At afixed rate of 220kg/ha applied N, grain N% values were generally lower from use of granular urea
(98% of AN) and lower still from use of liquid UAN (96% of AN). Use of granular urea resulted in an

average reduction of 0.05% grain N (0.3% protein on 100% DM basis), and a reduction of 0.08% grain N

(0.5% protein) from use of liquid UAN. Significant differences (p<0.05) were found at High Mowthorpe
(2004) confirming this general effect::-

- Lower grain N% U vs AN

- Lower grain N% UAN vs AN

- Lower grain N% UAN vs U

3. Use of Agrotain appeared to mitigate the reduction in grain N% when used with granular urea but to a
much lesser extent when used with liquid UAN. However, there were no significant differences due to
Agrotain addition to either granular urea or liquid UAN.
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4.5 Crop recovery of applied fertiliser-N

451 Before harvest

Crop samples were taken from selected plots on one occasion (grassland sites, 3 weeks after N2 application)
or two occasions (cereal sites, GS39 and anthesis). These data are given in Appendix 2.

Although the data confirm that N uptake by the crop is taking place from all fertiliser-N materials, there were
very few significant differences between fertiliser-N materials and none that are considered meaningful. These
data are not considered further.

452  Atharvest

The efficiency of uptake by the crop was assessed by calculating the percentage recovery of applied N in all
above ground crop material, including cereal straw. The values shown in Tables 11 and 12 are mean values for
all rates of applied N. There were no significant interactions between recovery and the rate of applied N.

Table 11. Total crop recovery of applied N at harvest — first cut silage (% of N applied)

Site AN U U+Ag500c | U+Ag1000c | U+Ag500m | U+Ag250m UAS sed
2004

Rowden 61.8 66.8 71.6 59.8 66.7 9.72
Crichton 66.0 60.6 69.0 64.1 58.3 6.15
Mean (2004) 63.9 63.7 70.3 62.0 62.5

2005

De Bathe 50.5 49.6 49.0 51.2 48.8 2.73
Rowden 60.9 59.5 61.6 54.9 59.6 6.03
High Mowthorpe 64.9 59.9 64.0 68.0 71.1 5.43
Mean (2005) 58.8 56.3 58.2 58.0 59.8

Overall mean 60.8 59.3 63.0 - - - - -
% of AN (all sites) @ 100 97 104 102 95 98 103

Sites where lower 30of5 20f5 20f2 10f3 20f3 20of 2

recovery than AN

a Calculated from paired values of AN and the relevant fertiliser-N material
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Table 12. Total crop recovery of applied N at harvest — winter cereals (% of N applied)
Site AN V) U+Ag1000c | U+Ag500m | UAN UAN+Ag1000 | UAN+Ag500 | sed
2004
Rothamsted 54.7ab 47.8a 53.9ab 49.9ab 57.6b 3.38
Rosemaund 95.5¢ 86.5¢ 80.8bc 52.8a 60.8ab 11.82
High Mowthorpe 59.2b 53.2ab 58.7b 47.6a 50.4a 2.44
Terrington 89.1b 69.9ab 73.7ab 64.7a 67.9a 9.27
Boxworth 69.6 66.3 71.8 68.0 64.4 4.61
Mean (2004) 73.6 64.7 67.8 56.6 60.2
2005
Rothamsted 46.0 35.4 46.5 50.3 52.5 9.11
Gleadthorpe 60.6 56.9 61.1 58.0 54.4 6.61
SAC Bush 58.4 54.9 64.5 56.6 54.0 4.53
Boxworth 41.1 35.0 32.9 26.7 31.8 11.01
Terrington 81.7b 79.8b 80.5b 60.8a 69.5a 4.07
Mean (2005) 57.6 52.4 57.1 50.5 52.4
Overall mean 65.6 58.6 62.4 53.5 56.3
% of AN (all sites) @ 100 89 92 99 82 82 91

95 86
Sites where lower 10 of 10 4 0of5 30f5 10 of 10 4 of 5 4 0of5
recovery than AN

a

Calculated from paired values of AN and the relevant fertiliser-N material

Letters in rows which are different indicate means which are significantly different (p<0.05).

Key points and conclusions are:

1.

The mean percentage recovery from use of granular urea to first cut silage was slightly lower than from use
of AN. However, there were no significant differences between the different fertiliser-N materials.

On winter cereals, the mean recovery from use of granular urea was 89% that of AN, and 82% from use of
liquid UAN (Figure 2). The N recovery from use of either of these materials was consistently poorer at ALL
10 sites compared to AN. Significant differences (p<0.05) were found at the following sites confirming this
general effect::-

- Lower recovery U vs AN (no sites)

- Lower recovery UAN vs AN (Rosemaund 2004, High Mowthorpe 2004, Terrington 2004 and 2005)

- Lower recovery UAN vs U (Rosemaund 2004, Terrington 2005)

Use of Agrotain appeared to mitigate the poorer N recovery of urea-N (improvement of mean recovery from
89 to 95% of AN) and UAN-N (improvement from 82 to 86% of AN). At most sites, the N recovery from use
of Agrotain treatment was less than from AN. However, there were no significant differences due to
Agrotain addition to either granular urea or liquid UAN.

The data in Table 12 have been summarised by assuming that (i) all tested formulations of Agrotain with urea
granules behave in the same way, and (ii) all tested formulations of Agrotain in liquid UAN behave in the same
way. Based on these assumptions, a summary of the mean relative N recovery values for AN (AN=100)
compared to urea and liquid UAN, both with and without addition of Agrotain, is shown in Figure 2.
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4.6 Need for extra fertiliser-N

The quantity of extra or less applied N needed to match the total crop N offtake from use of AN was calculated
as shown below for each rate of applied N. Results for each site are shown in Table 13 and 14.

Extra fertiliser-N = Total crop N recovery (AN) — Total crop N recovery (fertiliser material) x 100
Total crop N recovery% (fertiliser material)

Table 13. Extra fertiliser-N needed to match the total crop N offtake from AN — first cut silage

(% of N applied, mean of all N rates)
Site u U+Ag500c | U+Ag1000c U+Ag500m U+Ag250m UAS sed
2004
Rowden -1.0 7.4 -0.1 14.3 19.16
Crichton 6.0 -6.5 -4.2 1.5 7.82
Mean (2004) 2.5 0.45 -2.15 7.9
2005
De Bathe 4.0 4.2 0.8 6.5 7.40
Rowden 3.6 12.1 7.4 6.6 12.74
High Mowthorpe 11.5 -2.7 14.4 -3.4 12.72
Mean (2005) 6.4 45 7.5 3.2
Overall mean 4.8 29 -2.2 7.5 3.2 7.9
Sites where more 4 0of 5 3of5 0of 2 30f3 20f3 20f 2
N needed than for
AN
Table 14. Extra fertiliser-N needed to match the total crop N offtake from AN — winter cereals

(% of N applied, mean of all N rates)
Site U U+Ag1000c U+Ag500m UAN UAN+Ag1000 | UAN+Ag500 | sed
2004
Rothamsted 12.4 2.1 5.8 0.0 4.67
Rosemaund 15.0 111 45.8 43.3 15.29
High Mowthorpe 10.3 -0.8 21.1 14.5 5.07
Terrington 34.2 214 36.2 38.6 11.28
Boxworth 8.8 -2.8 5.5 8.3 7.73
Mean (2004) 16.1 6.2 22.9 20.9
2005
Rothamsted 25.8 -6.8 -16.1 -4.1 12.91
Gleadthorpe 18.4 0.2 243 13.4 8.42
SAC Bush 7.5 0.6 12.8 15.6 6.93
Boxworth 5.4 -5.4 221 24.3 9.54
Terrington 1.7 0.1 26.2 13.2 5.92
Mean (2005) 11.8 -2.3 13.9 12,5
Overall mean 14.0 2.0 18.4 16.7
Sites where more 10 of 10 3of5 3of5 90f 10 40f5 4 0of 5
N needed than for
AN
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Key points and conclusions are:

1. Forfirst cut silage, an extra 4.8% of applied urea-N was needed on average in order to match the total crop
N offtake at harvest from use of AN. There were no significant differences between the fertiliser-N
materials.

2. For winter cereals, an extra 14% of applied urea-N was needed on average to match the total crop N
offtake at harvest from use of AN, and an extra 18% if liquid UAN was used. These effects were consistent
- more urea-N was needed than AN-N at ALL 10 sites, and at 9 out of 10 sites for liquid UAN. The mean
effects for the different fertiliser-N materials are shown in Figure 3.

3. Use of Agrotain appeared to mitigate the need for more applied urea-N but had no overall effect when used
with liquid UAN.
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Figure 3. Mean quantities of extra N needed to match the total crop N offtake from use of AN

(winter cereals, mean of 10 sites)
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5. Discussion

The crop response experiments reported here supplemented related studies in 2003 that were part of the Defra
NT2603 project (Dampney et al., 2003). Responses of first cut silage and winter cereals to 5 fertiliser-N
materials, each at 7 rates of N application, were tested. At all sites there was a complementary ammonia
emissions wind tunnel experiment in the same field, though in a different location — the same fertiliser-N
materials were tested but at only one rate of N application (100kg/ha). Although not statistically comparable
with the crop response experiments reported here, the broad conclusions of the 2 datasets can be considered
together. Full details of the ammonia emission tunnel experiments can be found in Chadwick et al. (2005).

5.1 Responses to ammonium nitrate

There was a good response to AN-N at all silage and winter cereal sites. The measured responses can be
compared with current RB209 recommendations (Anon, 2000) which are based on 7.5:1 and 3:1 breakeven
ratios respectively (the breakeven ratio is the kg of crop needed to pay for 1kg of N). Using these ratios, the
mean fitted Nopt values were higher than the current RB209 recommendations. For first cut silage (5 sites), the
mean Nopt (7.5:1 ratio) from use of AN was 174kg/ha compared to 120kg/ha recommended by RB209; all 5
sites had a higher Nopt than RB209. For winter cereals (10 sites), the mean Nopt (3:1 ratio) from use of AN
was 207kg/ha, compared to the mean RB209 recommendation of 170kg/ha; 8 out of 10 sites had a higher Nopt
than RB209.

During 2005-2006, the price of fertiliser-N has increased significantly and, currently, most cereal farmers are
advised to fertilise on the basis of a breakeven ratio of around 6:1. Therefore, for the purposes of this project,
Nopt values at a 10:1 ratio for silage and 6:1 ratio for winter cereals have been used as the main basis for
comparing Nopts for the different fertiliser materials under test. Fertilising to a 6:1 ratio for winter cereals would
be appropriate if AN costed £145/t (42p/kg N) and grain was sold at £70/t (7p/kg); 42 divided by 7 = 6.

5.2 The performance of granular urea

521 1tcutsilage

There were no significant differences in Nopt values between urea and AN, and no indications of any general
trend. Similarly, there were no differences in Yopt and no trend for a lower Yopt from use of urea as has been
suggested by some previous studies (Bhogal ef al., 2003). There were also no significant differences between
urea and AN in the recovery of applied N by the crop. The absence of any differences in grass silage response
and N recovery from use of urea compared to AN may be because these N applications were in the spring and
at least 5mm rainfall was recorded at most sites within 5 days following fertiliser-N application. Many authors
(e.g. Chadwick et al., 2005, Misselbrook et al., 2004) have reported that rainfall soon after application of urea-
based fertilisers is an important factor in mitigating ammonia emissions.

However, results of the complementary ammonia emissions wind tunnel experiments did show frequent large
emissions of ammonia from urea-based fertilisers applied to the same fields though a single N rate (100kg/ha)
and usually a different application date (Chadwick et al., 2005) - emissions from urea-N applied in March
ranged from 10 to 58% of the N applied (mean 30%).

522 Winter cereals

There were no significant differences in Nopt between the use of AN compared to other fertiliser-N materials.
However, since the standard errors associated with this type of fitted data means that small differences are
difficult to show with statistical significance, it is possible that small real differences in Nopt do exist. Overall, the
Nopt from use of urea was similar to, or higher, than from use of AN but there was a wide variation between
sites. On average, the Nopt from use of urea was 19% higher than from use of AN but this average was
influenced by 2 sites where the difference in Nopts was very large (Terrington 2004 - AN 135kg/ha, urea
>340kg/ha; Rothamsted 2005 — AN 230kg/ha, urea >340kg/ha). Values for Yopt (the yield at Nopt) were not
significantly different between the fertiliser-N materials and there were no clear trends of any differences. This
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indicates that the crop yield potential can be reached provided that enough fertiliser-N is applied to allow for
losses of N by ammonia volatilisation or other N loss processes. However, if the same recommended rate of N
were used (i.e. following current RB209 recommendations), use of either urea or liquid UAN gave 0.3 to 0.4
t/ha lower yields than AN on average.

Grain N% (protein) is an important quality criteria for farmers seeking to market Group 1 or 2 varieties for
milling or export. Values of grain N% at Nopt application rates showed no differences between fertiliser-N
materials. This indicates, as expected, that the grain N% is dependent on the supply of N to the crop, and that
the required grain N% should be achievable provided that enough N is made available for crop uptake.
However, data comparing the grain N% from use of a fixed rate of applied N (chosen as 220kg/ha), showed
that use of urea resulted in a lower grain N% than for AN (mean of 0.05%grain N or 0.3% protein lower than
from AN). This effect was significant at one site only (High Mowthorpe 2004) but was indicated at 6 of the 10
sites. This effect would mean that use of a standard rate of N application would result in a lower grain
N/protein% from use of urea compared to AN; this could have a very significant impact on milling wheat
growers where meeting a grain protein% target (commonly 12.5-13.0%) can have large financial implications;
milling wheat premiums can reach £15-20/t (i.e. 25-35% above a typical current feed wheat price). If current
fertiliser-N recommendations (Anon, 2000) were to stay unchanged (or even reduced due to increasing
fertiliser-N prices or nitrate pollution control policies), use of granular urea compared to AN will lead to lower
grain protein contents. This will severely compromise the ability of farmers to profitably grow milling wheat
varieties or meet the UK requirement for high protein wheat.

The performance of the different fertiliser-N materials is best measured by comparison of the recovery of the
applied N by the crop (straw and grain). Although there were no statistical differences in N recovery between
granular urea and AN, there were between liquid UAN and AN (see 5.3). However, there were clear trends
indicating that recovery of urea-N was poorer than from use of AN. The mean recovery of urea was 89% of AN
and was lower than AN at all 10 sites. This conclusion broadly mirrors the conclusion of the wind tunnel
experiments (Chadwick et al., 2005), where the mean emission factor for urea applied to winter cereals was
22% of the N applied. On average, an extra 14% of fertiliser-N applied as urea was needed in order to match
the crop N content achieved from use of AN.

5.3 The performance of liquid UAN

Liquid UAN was only tested on winter cereals. It was not tested on 15t cut silage sites since this fertiliser product
is not widely used in grassland systems.

Several factors indicated that liquid UAN used on winter cereals was the least efficient source of fertiliser-N of
the materials tested. This is best shown from examination of the data for crop recovery of applied N. At 4 of the
10 sites, recovery was significantly lower (p<0.05) from liquid UAN compared to AN, presumably due to
ammonia volatilisation. The mean recovery of UAN was 82% of AN and was numerically lower than AN at all 10
sites. The crop recovery of UAN was also significantly lower (p<0.05) than granular urea at 2 sites (Rosemaund
2004, Terrington 2005).

Other data supports the same conclusion. The average Nopt from use of liquid UAN was 130% that of AN
though as with urea, this average was strongly influenced by data from 3 sites where there were large
numerical differences. Grain N% values at the 220kg/ha applied N rate were on average 0.09% (0.5% protein)
lower than from use of AN. At one site (High Mowthorpe 2004), the grain N% from urea was significantly lower
(p<0.05) than from AN, and from liquid UAN was significantly lower (p<0.05) than from urea. A low efficiency of
liquid UAN as a source of fertiliser-N has also been found from the wind tunnel experiments but on average this
has been found to be proportionate to it’s content of urea-N (UAN is 50% urea and 50% AN).

The conclusion from these crop response experiments that the total N as UAN is sometimes less efficient than
the total N as granular urea, indicates that ammonia volatilisation is not the only factor that is reducing the
availability of UAN-N for crop uptake. If ammonia volatilisation were the only factor, then liquid UAN would be
expected to behave midway between AN and granular urea. Possible factors might be crop scorch or
differences in behaviour of a liquid compared to a solid fertiliser, such as interception of liquid fertiliser by the
crop during application. Some foliar scorch is commonly associated with application of liquid UAN but only
small amounts were recorded (less than 15% of the leaf area ) and only at 3 sites.
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5.4 The performance of nBTPT urease inhibitor (Agrotain)

541 Ist cut silage

Since urea appeared to perform as well as AN at these sites, it is not surprising that there were no significant or
apparent effects due to addition of nBTPT (Agrotain) urease inhibitor.

54.2 Winter cereals

There were clear trends in various datasets that addition of Agrotain to granular urea improved the efficiency of
N uptake by the crop but there were no indications of any differences due to the method or rate of inclusion of
Agrotain (i.e. 1000mg/kg nBTPT coated, or 500mg/kg nBTPT in the melt). The mean relative Nopt value for
urea+Agrotain was lower than for urea though still higher than for AN (AN 100, urea 119, urea+Agrotain 109)
and there was a similar pattern for the crop N recovery mean values (AN 100, urea 89, urea+Agrotain 95). This
conclusion is in agreement with results reported by Chadwick et al. (2005) and Watson et al. (2005) which
clearly show large reductions in ammonia volatilisation from use of nBTPT at application rates as low as
250mg/kg.

Addition of Agrotain to liquid UAN also seemed to have a positive overall effect on improving uptake efficiency
of this source of fertiliser-N. Mean relative Nopt values were AN 100, UAN 130, UAN+Agrotain 119, and crop N
recovery were AN 100, UAN 82, UAN+Agrotain 86. Since liquid UAN is only 50% urea, it would be expected
that the percentage improvement on a total N basis would be less than for granular urea, assuming that the
effect of Agrotain addition is to mitigate ammonia volatilisation.

These results confirm that the potential availability of Agrotain treated urea as a commercial product is of great
significance for current use, and any possible future increased use, of urea-based fertilisers in UK agriculture.
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6. Key conclusions

1. Granular urea was commonly a less efficient source of N for winter cereal crop uptake than AN,
presumably due to losses of N by ammonia volatilisation. The magnitude of differences between urea and
AN varied between sites, indicating that urea is a less reliable source of fertiliser-N. Use of granular urea in
practice would justify around 20% higher N application rates to achieve the same cereal crop yield and
quality. There were no apparent differences when applied in March to silage crops, probably due to
significant rainfall soon after application at these sites.

2. Liquid UAN was commonly an even less efficient source of fertiliser-N for winter cereals than granular urea.
Use in practice would justify around 30% higher N application rates.

3. There is no evidence of any differences in potential crop yields or grain protein content depending on the
fertiliser-N material used. The results show that same potential outputs can be achieved provided the rate
of fertiliser-N application is increased to allow for any losses of N by ammonia volatilisation or other N loss
processes. However, if the same N rate were used for granular urea or liquid UAN as for AN, then a lower
grain N/protein concentration is likely to result and 0.3-0.4t/ha lower grain yields.

4. Addition of urease inhibitor (nBTPT, trade name Agrotain) appeared to improve the efficiency of urea-
based fertilisers and is a very attractive option to improve the efficiency and reliability of urea-based
fertilisers and to mitigate ammonia emissions to the environment.

5. One of the most significant problems of urea-based fertilisers without addition of a urease inhibitor is their
unreliability, probably due to the unpredictability of ammonia volatilisation. Rainfall is a significant factor
controlling ammonia emissions and is never likely to be easily predicted. Unreliability is of great significance
for the farmer and means that nitrogen recommendations for urea-based fertilisers are likely to be much
less precise. In the context of measures to control diffuse pollution of the environment, it is increasingly
important to have industry-standard recommendations with the best possible reliability. If N rates are
capped by legislation then farmers using urea are likely to suffer poorer crop performance compared to
those using AN.

6. Neither granular urea nor liquid UAN are attractive alternatives to AN. Even if the price of N in these
products is significantly lower than AN, making their use potentially attractive on economic grounds, the
higher N rates needed to compensate for the volatilisation of N as ammonia would increase the potential for
losses of N to the environment.

7. Economic optimum N rates for AN, were generally higher than those given in RB209 (1st cut silage -
174kg/ha compared to 120kg/ha; winter cereals 3:1 ratio - 207kg/ha compared to 170kg/ha).
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Appendix 1.

Site details (2004)

Site 1 2 3 4 5 6 7
IGER SAC Rothamsted ADAS ADAS High ADAS ADAS
Rowden Crichton Woburn Rosemaund Mowthorpe Terrington Boxworth
Field name Rowden Netherwood Far Field Five Acres Crow Tree Tebbs Middle 40 acres
Copse Loaning Field
Soil type (soil series) Sandy silt Sandy loam Loamy sand Silty clay loam Clay loam over Blacktoft Calc clay over
loam over clay | over sandstone | over sandy loam | over mudstone | chalk (Andover ) chalky boulder
(Hallsworth) drift (Cottenham) clay (Hanslope)
pH 6.3 7.1 6.7 8.1 8.1 7.5
Olsens P mg/I 45 37 31 42 17 17
K mg/l 183 186 239 254 310 188
Mg mgl/l 214 239 110 59 188 98
%CaCO3 0.50 0 8.63 6.77 1.70 1.77
%O0rg C 4.34 1.22 1.70 2.98 1.67 1.84
Total N% 0.48 0.10 0.28 0.35 0.19 0.26
PSD
<2y (clay C) 14 11 22 32 32 38
2-20y (fine silt FZ) 19 11 40 21 24 17
20-63p (coarse silt CZ) 16 12 30 30 36 11
63-212p (fine sand FS) 28 35 5 10 7 18
212-600u (medium sand MS) 14 29 2 3 1 14
600y - 2mm (coarse sand CS) 6 2 1 4 0 2
CEC 21.5 7.5 21.8 24.8 20.3 26.4
Bulk density 0-7.5cm 1.3 1.4 1.3 2.7 1.4 1.3
Profile SMN kg/ha N 24 146 55 90 91

(0-60cm grass, 0-90cm cereals)

Soil analyses carried out on 0-7.5 cm depth for grass sites and 0-15 cm depth for cereal sites unless specified otherwise
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Site 1 2 3 4 5 6 7
IGER SAC Rothamsted ADAS ADAS High ADAS ADAS

Rowden Crichton Woburn Rosemaund Mowthorpe Terrington Boxworth

Field name Rowden Copse Netherwood Far Field Five Acres Crow Tree Tebbs Middle 40 Acres

Loaning Field

Previous cropping

- harvest 2003 Grass Grass Winter beans Winter oats Winter wheat Winter wheat Winter wheat

- harvest 2002 Grass Grass n/a Winter wheat Potatoes Forest/grass Winter beans

- harvest 2001 Grass Grass n/a Forage maize Winter wheat Forest/grass Winter wheat

Test crop

Crop type Grass Grass Winter wheat Winter wheat Winter wheat Winter wheat Winter wheat

Variety PRG Consort Access Napier Consort Malacca

Drilling date n/a 07/10/2003 10/10/2003 06/10/2003 30/09/2003 10/10/2003

P20s date applied 04/03/2004 29/09/2003 n/a n/a n/a Nil

P20s kg/ha 100 125 0 0 0 Nil

K20 date applied 04/03/2004 19/03/2004 23/03/2004 15/03/2004 n/a Nil

K20 kg/ha 100 71 44 39 0 Nil

SOs date applied 04/03/2004 19/03/2004 23/03/2004 15/03/2004 26/03/2004 20/04/2004

SOs kg/ha 16 31 40 35 40 40

N1 date applied 02/03/2004 10/03/2004 17/03/2004 04/03/2004 26/03/2004 02/03/2004 05/03/2004

Rainfall in next 5 days mm 2 20 6 1 0 4 2

N2 date applied 31/03/2004 31/03/2004 07/04/2004 08/04/2004 30/04/2004 05/04/2004 15/04/2004

Rainfall in next 5 days mm 22 29 4 0 19 11 14

N3 date applied n/a n/a 07/05/2004 11/05/2004 14/05/2004 07/05/2004 11/05/2004

Rainfall in next 5 days mm 8 0 0 0 1

Harvest date 12/05/2004 10/05/2004 05/09/2004 25-26/08/2004 31/08/2004 07/08/2004 02/09/2004

Observations

UAN rates 160
& 220 incorrect

scorch from
UAN

Rainfall data excludes rainfall recorded on day of application.
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Site details (2005)

Site 8 9 10 11 12 13 14 15
IGER IGER ADAS High Rothamsted ADAS SAC ADAS ADAS
De Bathe Rowden Mowthorpe Woburn Gleadthorpe Bush Boxworth Terrington
Field name Halse 1 Higher Lea Blacksmiths Far Field Ill Far Kingston House Field Thorofare Pitts
Shop Budby 2
Soil type (series) Deep Sandy silt Calc clay loam Loamy sand Loamy sand Deep sandy Calc clay Deep silty
sandy loam over over chalk over sandy over sand clay loam over chalky | clay loam/silt
loam clay (Wold/ loam (Cuckney) (Alluvial fans) | boulder clay loam over
(Crediton) | (Hallsworth) Andover) (Cottenham) (Hanslope) marine
alluvium
(Stockwith)
pH 6.7 6.1 6.7 7.1 7.2 6.1 8.2 8.3
Olsens P mg/l 26 10 12 21 34 67 16 43
K mg/l 198 190 106 131 57 239 288 318
Mg mg/l 62 85 89 86 84 201 94 180
%CaCO3 <0.5 <0.5 0.75 0 0.5 0.5 8.2 2.7
%Org C 1.45 2.54 5.24 1.0 0.85 2.44 2.4 1.59
Total N% 0.19 0.35 0.58 0.09 0.10 0.23 0.27 0.18
PSD
<2y (clay C) 16 32 33 9 7 15 50 30
2-20y (fine silt FZ) 17 32 20 7 6 12 19 23
20-63p (coarse silt CZ) 13 16 28 9 7 12 9 30
63-212p (fine sand FS) 27 14 16 47 20 33 12 15
212-600u (medium sand MS) 16 3 1 28 59 21 7 1
600y - 2mm (coarse sand CS) 11 4 1 1 2 7 2 <1
CEC 15.3 28.7 30.2 6.3 6.4 20.3 58.8 32
Bulk density 0-7.5cm 1.6 1.2 1.28 1.48 1.26 1.15 1.20 1.33
Profile SMN kg/ha N 56 59 155 32 29 57 120 53

(0-60cm grass, 0-90cm cereals)

Soil analyses carried out on 0-7.5 cm depth for grass sites and 0-15 cm depth for cereal sites unless specified otherwise.
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Site 8 9 10 11 12 13 14 15
IGER IGER ADAS High Rothamsted ADAS SAC ADAS ADAS

De Bathe Rowden Mowthorpe Woburn Gleadthorpe Bush Boxworth Terrington

Field name Halse 1 Higher Lea Blacksmiths Shop Far Field Ill Far Kingston House Field Thorofare Pitts

Budby 2

Previous cropping

- harvest 2004 Grass Grass Grass Spring barley Winter wheat Spring barley Wosr Winter wheat

- harvest 2003 Grass Grass Grass Sugar beet Sugar beet Spring barley | Winter wheat Sugar beet

- harvest 2002 Grass Grass Grass Winter wheat Potatoes Winter wheat Beans Winter wheat

Test crop

Crop type Grass Grass Grass Winter Wheat Winter barley Winter wheat Winter wheat Winter wheat

Variety PRG PRG PRG Consort Pearl Consort Einstein Einstein

Drilling date June 2002 Sept 2002 n/a 23/09/2004 27/09/2004 12/10/2004 14/11/2004 11.10.04

P20s date applied 23/02/2005 17/02/2005 10/03/2005 n/a n/a 24/01/2005 24/03/2005 n/a

P20s kg/ha 65 40 65 n/a n/a 70 95 0

K20 date applied 23/02/2005 17/02/2005 10/03/2005 16/03/2005 04/03/2005 24/01/2005 n/al n/a

K20 kg/ha 80 40 36 31 75 50 0 0

SOs date applied 23/02/2005 17/02/2005 09/03/2005 16/03/2005 04/03/2005 24/01/2005 30/04/2005 22.03.04

SOs kg/ha 40 40 40 16 67 47 40 40

N1 date applied 28/02/2005 02/03/2005 10/03/2005 15/03/2005 14/03/2005 14/03/2005 10/03/2005 14/03/2005

Rainfall in next 5 days mm 11 3 8 1 1 16 no data 0

N2 date applied 04/04/2005 05/04/2005 07/04/2005 05/04/2005 11/04/2005 20/04/2005 19/04/2005 15/04/2005

Rainfall in next 5 days mm 18 18 1 5 13 0 0 7

N3 date applied n/a n/a n/a 03/05/2005 03/05/2005 16/05/2005 11/05/2005 13/05/2005

Rainfall in next 5 days mm 4 7 21 3 2

Harvest date 16/05/2005 18/05/2005 18/05/2005 02/09/2005 06/09/2005 31/08/2005 09/08/2005

Observations Leaf scorch Leaf scorch Leaf scorch Leaf scorch

Rainfall data excludes rainfall recorded on day of application.
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WP1a Crop Responses

Appendix 2.

Site 1. IGER Rowden (grass)

Treatment data and statistics

Plant height (cm on 31.3.2004) at time of N2 application, results based on N1 application rates

N1 rate kg/ha (no. of replicates in brackets)
0(3) 40 (9) 80 (6) Mean
Control 513 5.13
AN 6.10 7.30 6.47 6.82
u 5.83 7.23 7.25 7.01
U+Ag1 8.00 7.03 6.87 7.14
U+Ag2 5.17 6.82 7.38 6.73
UAS 6.07 6.62 6.62 6.52
sed 1.195 0.597
df 73 73
cv% 26.4
Plant height (cm on 22.4.2004, 3 weeks after N2 application)
N rate (kg/ha N1 + N2)
0 40 80 120 160 200 240 Mean
Control 7.73 7.73
AN 8.70 9.70 12.87 13.17 11.80 14.43 11.78
U 9.93 12.03 13.57 13.87 13.13 9.80 12.06
U+Ag1 8.63 12.83 11.33 14.97 16.37 12.17 12.72
U+Ag2 7.73 12.30 12.43 11.70 17.10 12.83 12.35
UAS 9.87 10.10 12.87 10.33 12.90 13.13 11.53
sed 1.647 0.672
df 60 60
Rate mean 773 | 897 | 1139 | 1261 | 1281 | 1426 | 1247
sed 60 df 0.737
cv% 16.9
Plant sampling (22.4.2004), 3 weeks after N2 application, 120kg/ha N rate for each N material
Control AN U U+Ag1 | U+Ag2 UAS sed df | CV %
(nil N)
DM yield (t/ha) 1.24 2.73 4.25 2.36 2.86 3.08 0.886 | 10 | 394
Plant N (%) 2.43 3.62 3.51 3.28 3.58 3.48 0.250 | 10 9.2
Crop N offtake 31.6 97.2 145.9 78.2 102.7 109.6 30.80 | 10 | 40.0
(kg/ha N)
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Results at 15t Cut

N rate (kg/ha)

0 40 80 120 160 200 240 Mean
DM yield
(t/ha)
Control 1.66
AN 2.75 3.30 4.84 4.65 4.20 5.32 4.18
U 2.63 3.90 5.30 4.65 6.38 4.36 4.54
U+Ag1 2.94 4.64 3.83 5.47 5.96 4.64 4.58
U+Ag2 2.36 4.09 4.87 3.95 5.52 4.57 4.23
UAS 3.14 3.58 4.31 4.05 4.62 6.11 4.30
sed 0.894 0.365
df 60 60
mean 2.76 39 | 463 | 455 | 533 | 500
sed (60 df) 0.400
cv% 25.6
Plant N (%)
Control 2.14
AN 2.47 2.56 2.59 2.83 2.80 2.98 2.70
U 2.37 2.30 2.66 2.85 2.97 3.02 2.69
U+Ag1 2.53 2.50 2.56 2.70 2.75 3.06 2.68
U+Ag2 2.24 2.50 2.57 2.89 3.04 3.01 2.71
UAS 2.44 2.45 2.55 2.89 2.97 3.25 2.76
sed 0.139 0.057
df 60 60
mean 2.41 246 | 259 | 283 | 290 | 3.07
sed (60 df) 0.062
cv% 6.3
Crop N
offtake
(kg/ha)
Control 35.6
AN 68.2 84.6 125.8 131.7 117.4 159.0 114.5
U 62.7 87.2 141.5 132.8 194.3 132.4 125.1
U+Ag1 74.5 116.7 98.6 147 1 163.3 142.8 123.8
U+Ag2 52.9 102.4 126.4 113.1 167.6 136.6 116.5
UAS 76.6 88.2 110.7 117.1 137.4 198.0 121.3
sed 27.97 11.42
df 60 60
mean 67.0 958 | 1206 | 1284 | 156.0 | 153.7
sed (60 df) 12.51

cv%

29.2
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Apparent

recovery (%)

of applied N

Control

AN 81.6 61.3 75.2 60.1 40.9 51.4 61.8
U 67.7 64.5 88.2 60.8 79.4 40.3 66.8
U+Ag1 97.2 101.4 52.5 69.7 63.9 447 71.6
U+Ag2 43.3 83.5 75.7 48.4 66.0 42.1 59.8
UAS 102.6 65.7 62.6 51.0 50.9 67.7 66.7
sed 23.82 9.72
df 58 58
mean 785 | 753 | 708 | 580 | 602 | 49.2

sed (58 df) 10.65

cv% 44.6

where apparent recovery = (Nofftakenieve-Nofftakenin)/Nlevel*100

DM yield 1st cut (t/ha)

7.00
6.00

80 120 160

Total N (kg/ha)
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Modelled Yields

i) Single model across all products

—— LEXP fit

= mean all products on| |
per rep basis

100 150
Total N applied (kg/ha)

Ratio Nopt Yopt % N at
(kg/ha) | (t/ha) Nopt 7
7.5:1 151 4.97 2.74 5
8:1 148 4.94 2.73 =
9:1 141 4.88 2.71 $5
10:1 134 4.82 2.68 3 4
11:1 128 4.75 2.66 5 .
12:1 121 | 468 | 2.63 2 3 .
>. a
s 2
Parameters of fitted LEXP model (=]
R 0.998 1
A 51 0 |
B -49 0 50
C -0.065
%variance accounted for 56.8

200

250
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i) Individual Models for each product

Ammonium Nitrate

Ratio Nopt Yopt % N at
(kg/ha) | (tha) | Nopt ’
7.5:1 171 4.65 2.78 6
8:1 163 459 2.76 T . . *
9:1 149 4.47 2.71 % S —3-
10:1 136 4.36 2.67 2 4 P4 4
11:1 125 4.24 2.64 2 .
- 3 *
12:1 116 413 2.61 < °
; 2 [ 3 e
. s ¢ —— LEXPfit
Parameters of fitted LEXP model [a) e oot vields
R 0.99 1 POty
A 5.0217 0 ‘ ; ; ;
B -3.3693 0 50 100 150 200 250
C 0.0014 AN (kg/ha)
%variance accounted for 67.5
Urea
Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt 10
7.5:1 206 6.12 3.14 9 hd
8:1 176 5.89 2.99 _ 8
9:1 134 5.53 2.77 2 -
10:1 104 5.25 2.62 £ 5 R
= L 2 A 4
11:1 81 5.01 2.50 o e e
. g ° / ¢
12:1 63 4.80 2.41 3 4 i
2 .
s 3 .
. (=) 2 [ 4 ‘
Parameters of fitted LEXP model ® — LEXPfit
R 0.99 ! & plot yields |
A 7.752 0 ‘ ‘ ; ‘
B 6.411 0 50 100 150 200 250
C -0.0086 Urea (kg/ha)
%variance accounted for 53.8
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Urea + Agrotain (1000 ppm)

Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt
7.5:1 142 4.95 2.67
8:1 138 4.92 2.66
9:1 131 4.86 2.64
10:1 125 4.80 2.62
11:1 119 4.73 2.60
12:1 113 4.67 2.58
Parameters fitted to LEXP model
R 0.99
A 7.0907
B -5.4983
C -0.0058
%variance accounted for 64.9
Urea + Agrotain (500 ppm)
Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt
7.5:1 139 4.58 2.71
8:1 136 4.55 2.69
9:1 128 4.49 2.66
10:1 122 4.43 2.64
11:1 115 4.36 2.61
12:1 109 4.29 2.58
Parameters fitted to LEXP model
R 0.99
A 6.5694
B -5.1312
C -0.0052
%yvariance accounted for 39.7
UAS
Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt
7.5:1 >max * *
8:1 >max * *
9:1 >max * *
10:1 >max * *
11:1 >max * *
12:1 >max * *
Parameters fitted to LEXP model
R 0.99
A 2.6694
B -0.6168
C 0.0125
%variance accounted for 417

7
L 4
6 * N
g .
:. P :
3 4 g
E / *
3 L 3
]
> 59
= 4
a Y —— LEXPfit
1 & plot yields
0 T T T T
0 50 100 150 200 250
U+Ag1 (kg/ha)
7
<
6 L 3
—_ <
§ 4 s -
E L 4
g 3 .
2 $
> 59
= ¢
R — LEXPfit
1 & plotyields
0 . . . .
0 50 100 150 200 250
U+Ag2 (kg/ha)
9
<
8
T 7
<
e 6
L 4
3 s 24 ‘4
K] 4 . . /:/
3 . / . *
.51 3
= e * -
o 2% - — LEXPfit
1 & plotyields
0 . . . .
0 50 100 150 200 250

UAS (kg/ha)
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Site 2. SAC Crichton (grass)

Plant height (cm on 31.3.2004) at time of N2 application, results based on N1 application rates

N1 rate kg/ha (no. of replicates in brackets)

0(3) 40 (9) 80 (6) Mean
Control 8.43 8.43
AN 9.93 9.52 10.98 10.08
U 9.80 11.22 10.28 10.67
U+Ag1 8.73 10.51 11.02 10.38
U+Ag2 9.00 10.77 11.10 10.58
UAS 7.77 11.07 10.23 10.24
sed 0.844 0.422
df 75 75
CV% 12.3
Plant height (cm on 21.4.2004), control and 120kg/ha N rate only
N rate (kg/ha N1 + N2)
0 40 80 120 160 200 240 Mean
Control 21.00
AN 21.53
U 24.67
U+Ag1 22.67
U+Ag2 22.67
UAS 23.33
sed 1.103
df 10
CV% 6.0
Plant sampling (21.4.2004), 3 weeks after N2 application, 120kg/ha N rate for each N material
Control AN U U+Ag1 | U+Ag2 UAS sed df | CV
(nil N) %
DM yield (t/ha) 1.90 2.40 2.45 2.48 2.44 2.49 0.150 | 10 | 7.8
Plant N (%) 2.79 4.06 3.96 4.09 3.78 3.92 0.167 | 10 | 54
Crop N offtake 53.3 97.6 97.0 101.4 93.2 97.6 7.18 10 | 9.8
(kg/ha N)
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Results at 15t Cut

N rate (kg/ha)

0 40 80 120 160 200 240 Mean
DM yield

(t/ha)

Control 3.78

AN 4.61 5.05 5.44 5.98 6.30 6.14 5.58
U 4.72 5.07 5.40 5.40 6.24 6.43 5.54
U+Ag1 4.72 5.17 5.52 5.28 6.81 6.60 5.69
U+Ag2 4.57 5.46 4.97 6.01 6.29 6.24 5.59
UAS 4.29 4.88 6.00 6.00 5.83 6.07 5.51
sed 0.439 0.179
df 60 60
mean 4.58 513 | 547 | 573 6.29 6.29

sed (60 df) 0.340

cv% 9.7

Plant N (%)

Control 2.02

AN 2.44 2.57 2.78 2.95 3.23 3.21 2.87
U 2.27 2.49 2.86 2.93 3.02 3.30 2.81
U+Ag1 2.36 2.59 2.88 3.25 3.19 3.35 2.94
U+Ag2 2.26 2.51 2.90 3.04 3.11 3.56 2.90
UAS 2.15 2.69 2.86 2.82 3.21 3.39 2.85
sed 0.151 0.062
df 60 60
mean 2.30 257 | 286 | 3.00 3.15 2.30

sed (60 df) 0.068

cv% 6.5

Crop N

offtake

(kg/ha)

Control 76.6

AN 113.9 129.8 150.6 177.0 201.1 196.1 161.4
U 107.2 125.3 153.2 157.2 188.5 211.9 157.2
U+Ag1 110.2 134.2 158.8 170.8 217.9 220.3 168.7
U+Ag2 103.7 137.2 143.7 181.7 195.4 221.7 163.9
UAS 92.2 130.0 171.7 166.5 186.7 205.4 158.8
sed 11.71 4.78
df 60 60
mean 1055 | 1313 | 155.6 | 1706 | 197.9 | 1055

sed (60 df) 5.24

cv%

9.0
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Apparent

recovery (%)

of applied N

Control

AN 93.1 66.5 61.6 62.7 62.3 49.8 66.0
U 76.5 60.8 63.9 50.3 56.0 56.4 60.6
U+Ag1 84.1 72.0 68.5 58.9 70.6 59.8 69.0
U+Ag2 67.7 75.7 55.9 65.7 59.4 60.5 64.1
UAS 39.1 66.7 79.2 56.2 55.1 53.6 58.3
sed 15.05 6.15
df 58 58
mean | 721 | 684 | 658 | 588 | 607 | 56.0

sed (58 df) 6.73

cv% 29.0

where apparent recovery = (Nofftakenieve-Nofftakenin)/Nlevel*100

DM yield cut 1 (t/ha)

8.00
7.00
6.00
5.00
4.00
3.00
2.00
1.00
0.00

0 40

80 120 160

total N (kg/ha)

200

240
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Modelled Yields

i) Single model fitted across all N materials

Ratio Nopt Yopt % N at
(kg/ha) | (t/ha) Nopt
7.5:1 161 5.83 2.98
8:1 143 5.70 2.88
9:1 118 5.48 2.74
10:1 99 5.31 2.64
11:1 85 5.15 2.56
12:1 73 5.02 2.49
Parameters of fitted LEXP model
R 0.9851
A 5
B -1.22
C 0.00586
%variance accounted for 66.5

DMyield 1st cut (t/ha)

N W OO N ®

— LEXPfit

¢ Mean all products
on per rep basis

(o} 50

100 150
Total N applied (kg/ha)

200

250
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ii) Individual models fitted for each N material

Ammonium Nitrate

Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt
7.51 145 5.76 2.87
8:1 135 5.68 2.82
9:1 118 5.54 2.74
10:1 104 5.41 2.67
11:1 92 5.27 2.61
12:1 82 5.15 2.55
Parameters of fitted LEXP model
R 0.99
A 5.8907
B -2.1274
C 0.0025
%variance accounted for 72.8
Urea
Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt
7.51 206 6.12 3.14
8:1 176 5.89 2.99
9:1 134 5.53 2.77
10:1 104 5.25 2.62
11:1 81 5.01 2.50
12:1 63 4.80 2.41
Parameters of fitted LEXP model
R 0.99
A 5.004
B -1.1059
C 0.0061
Y%variance accounted for 76.4

Urea (kg/ha)

8
7 <
e
35
-
240
3 3
>
E 2 — LEXPfit |
1 ¢ Plotyields |
O T T T T
0 50 100 150 200 250
AN (kg/ha)
7
6 * M
. * .
= .
= / . *
3 'S
o 4
k]
R 3
[]
2,
& —— LEXPfit
1 & Plot yields |—
0 : . . .
0 50 100 150 200 250
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Urea + Agrotain (1000 ppm)

Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt
7.5:1 >max * *
8:1 >max * *
9:1 230 6.58 3.42
10:1 156 5.88 3.01
11:1 114 5.44 2.77
12:1 84 5.10 2.60
Parameters fitted to LEXP model
R 0.99
A 4.8061
B -0.09071
C 0.0081
%variance accounted for 73

Urea + Agrotain (500 ppm)

Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt
7.5:1 151 5.79 2.96
8:1 140 5.70 2.90
9:1 120 5.53 2.77
10:1 104 5.38 2.68
11:1 90 5.23 2.59
12:1 78 5.09 2.52
Parameters fitted to LEXP model
R 0.99
A 5.6807
B -1.8665
C 0.0034
%yvariance accounted for 85.1
UAS
Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt
7.5:1 128 5.64 2.78
8:1 122 5.59 2.75
9:1 111 5.50 2.68
10:1 101 5.40 2.63
11:1 92 5.31 2.57
12:1 84 5.22 2.53
Parameters fitted to LEXP model
R 0.99
A 6.5189
B -2.9096
C -0.0006
%variance accounted for 72.3
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Site 3. Rothamsted (w. wheat)

Results of 15 plant sampling (26.5.2004) three weeks after N3 application, 160 kg/ha N rate for each N

material
Control AN U U+Ag UAN UAN+Ag sed df | CV%
(nil N)
DM yield (t/ha) 1.93 4.19 4.87 4.93 0.534 | 9 18.3
Plant N (%) 1.58 2.50 2.36 2.07 0.286 | 9 17.3
Crop N offtake 30.1 102.4 111.7 101.9 9.20 9 15.0
(kg/ha N)

Results of 2" plant sampling (16.6.2004) six weeks after N3 application, 160 kg/ha N rate for each N

material
Control AN U U+Ag UAN UAN+Ag sed df | CV%
(nil N)
DM yield (t/ha) 4.80 9.43 9.82 10.51 0.772 | 9 12.0
Plant N (%) 0.83 1.39 1.24 1.30 0.127 | 9 13.9
Crop N offtake 40.4 131.7 | 119.7 | 136.1 9.75 9 12.7
(kg/ha N)
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Results at Harvest

N rate (kg/ha)

0 40 100 160 220 280 340 Mean
DM yield
(t/ha)
Control 419
AN 5.34 6.87 8.20 8.30 7.98 7.68 7.40
U 4.44 6.46 7.34 8.31 6.77 7.38 6.78
U+Ag 4.61 7.01 7.87 7.98 8.10 7.33 7.15
UAN 4.52 5.96 7.39 7.79 6.20 8.37 6.70
UAN+Ag 4.82 6.84 7.77 8.16 7.61 7.27 7.08
sed 0.566 0.231
df 55 55
mean 4.75 663 | 771 | 8.11 7.33 7.60
sed (55 df) 0.253
cv% 10.1
Grain N (%)
Control 1.29
AN 1.30 1.54 1.80 2.13 2.36 2.60 1.95
U 1.32 1.47 1.83 2.13 2.49 2.44 1.95
U+Ag 1.39 1.56 1.91 2.04 2.38 2.60 1.98
UAN 1.33 1.66 1.95 2.20 2.79 2.46 2.07
UAN+Ag 1.40 1.52 1.94 2.20 2.66 2.64 2.06
Sed 0.084 0.034
df 55 55
mean 1.35 155 | 189 | 214 | 254 | 255
sed (55 df) 0.038
cv% 5.3
Grain N
offtake
(kg/ha)
Control 46.0
AN 58.8 89.9 124.9 150.5 159.7 169.6 125.5
U 499 80.7 113.3 150.0 142.7 150.8 114.6
U+Ag 54.2 92.7 127.7 137.9 163.9 161.3 122.9
UAN 51.2 84.2 121.7 145.8 147.1 175.1 120.8
UAN+Ag 57.2 88.2 127.1 151.3 171.4 162.6 126.3
sed 8.32 3.39
df 55 55
mean 54.3 871 | 1229 | 1471 [ 1569 | 163.9
sed (55 df) 3.72

cv%

8.7
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Apparent

recovery (%)

of applied N

Control

AN 32.1 43.9 49.3 47.5 40.6 36.4 41.6
U 9.9 34.7 421 47.3 34.6 30.8 33.2
U+Ag 20.6 46.7 51.1 41.8 421 33.9 39.4
UAN 13.0 38.2 44.9 429 36.1 38.0 35.5
UAN+Ag 28.2 423 50.9 48.9 448 34.3 41.6
sed 6.26 2.55
df 50 50
mean | 208 | 412 | 477 | 457 | 396 | 347

sed (50 df) 2.80

cv% 20.0

where apparent recovery = (Nofftakenieve-Nofftakenin)/Nlevel*100

UAN and UAN+ag results for rates 160 and 220 determined by means of genstat ‘missing value’ calculations.

Grain Yield 85% DM (t/ha)
OO =~ N W s 01O N 00 ©

l‘~
/4?/
% —e—AN
s el

- = U
---0--- Utag
—-&-—-UAN
—a— UAN+AQ T

40

100 160 220 280 340
Total N (kg/ha)
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Modelled Yields

i) Individual models fitted for each N material (UAN and UAN+ag models not fitted due to missing values)

Ammonium Nitrate

Ratio Nopt Yopt % N at

(kg/ha) | (tha) | Nopt 10 .
3:1 182 8.06 1.92 : P S— -
4:1 173 8.03 1.87 7 . - ¢ s \f
51 165 7.99 1.83 s s *
6:1 157 7.95 1.79 53 .| &
71 150 7.90 175 B,

% 3 [ 2

Parameters of fitted LEXP model > 2 — LEXPfit
R 0.99 1 o plotyields| |
A 10.4806 0 ‘ ‘ ‘
B -6.5461 0 100 200 300 400
C -0.0075 AN (kg/ha)
%variance accounted for 92.9
Urea
Ratio Nopt Yopt % N at 10

(kg/ha) (t/ha) Nopt 9 - 8
3:1 156 6.96 1.81 = s R
4:1 145 6.94 1.74 § ; . ¢ s .
5:1 136 6.89 1.69 = & /:/ R s :
6:1 127 6.84 1.63 § 54 %
7:1 119 6.79 1.59 B 49

T 3% * — LEXPfixed| |

Parameters of fitted LEXP model ;—f 5 e plotyields |
R 0.99 1
A 8.7185 0 | | |
B 4.144 0 100 200 300 400
C -0.0057
%variance accounted for 80.9 Urea (kg/ha)
Urea + Agrotain (1000 ppm)
Ratio Nopt Yopt % N at 10

(kg/ha) (t/ha) Nopt
311 166 7.49 1.86 o DI
4:1 157 | 746 | 182 5 o] ¢« e T ——
5:1 148 742 | 1.79 s / s
6:1 140 | 7.37 | 175 3 .| &
7:1 132 7.32 1.72 B .3/ 3¢

3 st — LEXPfixed|

Parameters fitted to LEXP model =, e plotyields ||
R 0.99 1
A 9.5681 0 ‘ ‘ ‘
B -5.1365 0 100 200 300 400
C -0.0067 Urea+ag (kg/ha)
%variance accounted for 87.6
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Site 4. Rosemaund (w. wheat)

Results of 15t plant sampling (31/5/2004) three weeks after N3 application, 160 kg/ha N rate for each N

material
Control AN U U+Ag UAN UAN+Ag sed df | CV%
(nil N)

DM yield (t/ha) 8.52 11.78 11.31 10.87 | 10.11 7.61 1.705 | 10 | 20.8

Plant N (%)

Crop N offtake
(kg/ha N)

Results of 2" plant sampling (24/6/2004) six weeks after N3 application, 160 kg/ha N rate for each N

material
Control AN U U+Ag UAN UAN+Ag sed df | CV%
(nil N)
DM yield (t/ha) 10.94 16.40 15.52 16.61 15.84 16.41 0.934 | 10 7.5
Plant N (%) 1.14 1.43 1.75 1.37 1.48 1.27 0.277 | 10 | 241
Crop N offtake 124.0 234.0 | 270.0 | 226.0 | 234.0 209.0 4250 | 10 | 241

(kg/ha N)
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WP1a Crop Responses

Results at Harvest

N rate (kg/ha)

0 40 100 160 220 280 340 Mean
DM yield
(t/ha)
Control 6.86
AN 9.41 10.30 11.09 11.25 10.80 10.59 10.57
U 9.49 10.64 11.20 11.10 11.29 11.29 10.83
U+Ag 8.34 10.66 11.27 11.40 10.53 11.02 10.53
UAN 7.60 9.19 10.86 11.00 11.58 11.71 10.33
UAN+Ag 8.02 10.01 10.64 11.41 11.63 11.41 10.52
sed 0.501 0.205
df 57 57
mean | 857 | 1016 | 11.01 | 1123 | 1116 | 11.20
sed (57 df) 0.224
cv% 5.9
Grain N (%)
Control 1.30
AN 1.52 1.52 1.80 1.97 2.19 2.14 1.86
U 1.29 1.59 1.82 1.91 2.08 2.25 1.82
U+Ag 1.38 1.54 1.80 1.99 2.05 2.12 1.81
UAN 1.27 1.39 1.67 1.82 1.87 2.14 1.69
UAN+Ag 1.33 1.48 1.63 1.75 1.89 2.07 1.69
sed 0.078 0.032
df 59 59
mean | 136 | 150 | 1.74 189 | 201 | 214
sed (59 df) 0.035
cv% 54
Grain N
offtake
(kg/ha)
Control 75.3
AN 123.6 133.4 169.8 188.6 200.9 193.5 168.3
U 105.1 143.5 173.5 180.3 199.0 214.6 169.3
U+Ag 98.0 140.0 172.6 192.4 183.1 199.0 164.2
UAN 82.0 109.2 154.4 170.0 183.7 212.6 152.0
UAN+Ag 91.3 125.7 147.2 169.7 186.7 200.5 153.5
sed 11.46 4.68
df 57 57
mean | 1000 | 130.4 | 1635 | 180.2 | 190.7 | 204.0
sed (57 df) 5.13
cv% 8.8

NT2605_4061_FRP

52



NT2605 Final report:

WP1a Crop Responses

Apparent
recovery (%)
of applied N
Control
AN 120.8 58.1 59.1 51.5 44.9 374 61.9
U 711 68.2 61.4 47.7 44.2 39.8 55.4
U+Ag 56.7 64.7 60.8 53.2 38.5 36.4 51.7
UAN 16.7 33.9 49.4 43.0 38.7 40.4 37.0
UAN+Ag 40.1 50.4 44.9 42.9 39.8 36.8 425
sed 18.31 7.47
df 55 55
mean | 611 | 550 | 551 | 477 | 412 | 382
sed (55 df) 8.19
cv% 451
where apparent recovery = (Nofftakenieve-Nofftakenin)/Nlevel*100
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Modelled Yields

i) Individual models fitted for each N material

Ammonium Nitrate

Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt

3:1 160 11.04 1.80

4:1 151 11.01 1.77

5:1 143 10.98 1.74

6:1 137 10.94 1.72

7:1 130 10.90 1.70

Parameters of fitted LEXP model

R 0.985245

A 12.2202

B -5.2728

C -0.0043

%variance accounted for 81.2

Urea

Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt

3:1 168 11.12 1.79

4:1 153 11.07 1.74

5:1 141 11.02 1.70

6:1 132 10.97 1.67

7:1 124 10.92 1.64

Parameters of fitted LEXP model

R 0.983299

A 12.0817

B -5.1836

C -0.0035

%variance accounted for 83.8
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WP1a Crop Responses

Urea + Agrotain (1000 ppm)

Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt
3:1 184 11.24 1.88
4:1 176 11.21 1.85
5:1 169 11.18 1.83
6:1 162 11.14 1.80
71 156 11.10 1.78

Parameters fitted to LEXP model

R 0.990857

A 14.6108

B -7.9061

C -0.0104

%variance accounted for 814

UAN

Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt

3:1 >max * *

4:1 >max * *

5:1 >max * *

6:1 >max * *

7:1 289 11.55 1.99

Parameters fitted to LEXP model

R 0.99

A 10.334

B -3.754

C 0.0049

%variance accounted for 93.1

UAN + Agrotain (1.7ml/litre)

Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt

3:1 251 11.54 1.83

4:1 241 11.51 1.81

5:1 232 11.47 1.78

6:1 223 11.41 1.76

7:1 214 11.36 1.74

Parameters fitted to LEXP model

R 0.99758

A 38.7966

B -31.9937

C -0.0392

%variance accounted for 90.7
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WP1a Crop Responses

Site 5. High Mowthorpe (w. wheat)

Results of 15t plant sampling (03/06/2004) three weeks after N3 application, 160 kg/ha N rate for each N

material
Control AN U U+Ag UAN UAN+Ag sed df | CV%
(nil N)
DM yield (t/ha) 3.13 6.76 6.43 6.78 6.62 7.22 0292 | 8 5.8
Plant N (%) 1.34 1.87 1.60 1.93 1.91 2.05 0.083 | 8 5.7
Crop N offtake 42.2 127.0 102.9 130.7 126.6 147.7 6.73 8 7.3

(kg/ha N)

Results of 2" plant sampling (01/07/2004) six weeks after N3 application, 160 kg/ha N rate for each N

material
Control AN U U+Ag UAN UAN+Ag sed df | CV%
(nil N)
DM yield (t/ha) 5.63 12.92 11.55 1143 | 11.96 13.04 0.441 | 10 4.9
Plant N (%) 0.99 1.28 1.51 1.52 1.42 1.15 0.244 | 10 | 22.8
Crop N offtake 57.0 165.0 173.4 174.5 171.7 148.7 28.04 | 10 | 23.1

(kg/ha N)
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WP1a Crop Responses

Results at Harvest

N rate (kg/ha)

0 40 100 160 220 280 340 Mean
DM yield
(t/ha)
Control 2.84
AN 4.00 5.98 6.72 7.05 7.63 7.18 6.43
U 3.98 5.72 6.64 7.45 7.42 7.51 6.45
U+Ag 4.16 5.93 6.83 7.40 7.30 7.38 6.50
UAN 3.71 5.55 6.39 7.22 7.67 7.41 6.32
UAN+Ag 3.69 5.61 6.51 7.36 7.29 7.35 6.30
sed 0.242 0.099
df 59 59
mean 3.91 576 | 662 | 7.30 7.46 7.36
sed (59 df) 0.108
cv% 4.7
Grain N (%)
Control 157
AN 1.54 1.72 2.07 2.46 2.53 2.60 2.15
U 1.50 1.68 1.95 2.32 2.44 2.61 2.08
U+Ag 1.53 1.76 2.13 2.41 2.51 2.68 217
UAN 1.51 1.59 1.84 2.14 2.45 2.55 2.01
UAN+Ag 1.54 1.66 1.87 2.26 2.53 2.67 2.09
sed 0.062 0.025
df 60 60
mean 1.52 168 | 197 | 232 | 249 | 262
sed (60 df) 0.028
cv% 3.7
Grain N
offtake
(kg/ha)
Control 38.0
AN 52.2 87.4 118.2 147 .1 164.0 158.3 121.2
U 50.8 81.7 110.0 146.7 151.0 166.1 117.7
U+Ag 54.2 88.6 123.4 151.6 155.8 168.0 123.6
UAN 475 75.1 99.6 131.6 159.9 160.4 112.3
UAN+Ag 48.2 79.1 103.6 141.2 156.5 166.6 115.9
sed 473 1.93
df 59 59
mean 50.6 824 | 111.0 | 1437 | 157.4 | 163.9
sed (59 df) 2.11

cv%

5.0
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WP1a Crop Responses

Apparent

recovery (%)

of applied N

Control

AN 35.6 49.4 50.1 49.6 45.0 35.4 442
U 31.9 43.7 45.0 49.4 40.1 37.7 41.3
U+Ag 40.5 50.7 53.4 51.6 42.1 38.3 46.1
UAN 23.8 37.1 38.5 42.6 43.5 36.0 36.9
UAN+Ag 25.4 411 41.0 46.9 42.3 37.8 39.1
sed 3.05 1.25
df 57 57
mean | 314 | 444 456 | 48.0 | 426 | 370

sed (57 df) 1.37

cv% 9.0

where apparent recovery = (Nofftakenieve-Nofftakenin)/Nlevel*100
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Modelled Yields

i) Individual models fitted for each N material

Ammonium Nitrate

Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt

3:1 243 7.37 2.48

4:1 233 7.34 2.45

5:1 224 7.29 242

6:1 214 7.24 2.38

7:1 205 7.18 2.36

Parameters of fitted LEXP model

R 0.99686

A 24.4322

B -22

C -0.0287

%variance accounted for 954

Urea

Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt

3:1 260 7.57 243

4:1 251 7.54 2.40

5:1 242 7.50 2.37

6:1 232 7.45 2.33

7:1 225 7.40 2.30

Parameters of fitted LEXP model

R 0.999325

A 293.1691

B -290.3655

C -0.1615

%variance accounted for 97.3
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WP1a Crop Responses

Urea + Agrotain (1000 ppm)

Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt
3:1 241 7.40 2.48
4:1 230 7.36 2.44
5:1 220 7.32 2.40
6:1 210 7.26 2.36
7:1 200 7.20 2.32
Parameters fitted to LEXP model
R 0.995408
A 15.568
B -12.7821
C -0.0164
%variance accounted for 97.8
UAN
Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt
3:1 >max * *
4:1 >max * *
5:1 316 7.60 2.52
6:1 271 7.35 2.38
7:1 240 7.15 2.26
Parameters fitted to LEXP model
R 0.99
A 6.7327
B -4.132
C 0.0033
%variance accounted for 96.3
UAN + Agrotain (1.7ml/litre)
Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt
3:1 >max * *
4:1 293 7.36 2.56
5:1 258 7.21 242
6:1 233 7.07 2.31
7:1 213 6.94 2.20
Parameters fitted to LEXP model
R 0.99
A 7.1472
B -4.5818
C 0.0016
%variance accounted for 98.1
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WP1a Crop Responses

Site 6. Terrington (w. wheat)

Results at Harvest

N rate (kg/ha)

0 40 100 160 220 280 340 Mean
DM yield
(t/ha)
Control 4.68
AN 6.87 9.44 9.55 8.93 9.11 9.05 8.83
U 6.65 8.50 7.44 8.59 9.52 9.34 8.34
U+Ag 5.68 8.52 8.37 9.42 8.58 8.57 8.19
UAN 5.73 7.22 8.41 9.49 8.85 9.01 8.12
UAN+Ag 6.25 7.43 9.25 7.92 9.21 9.36 8.24
sed 0.730 0.298
df 60 60
mean 624 | 822 | 860 | 887 | 905 | 907
sed (60 df) 0.326
cv% 10.9
Grain N (%)
Control 1.43
AN 1.49 1.85 2.05 2.18 2.28 2.34 2.03
U 1.51 1.70 2.01 2.19 2.09 1.97 1.91
U+Ag 1.61 1.95 1.97 2.07 2.21 2.35 2.03
UAN 1.59 1.75 1.95 2.06 2.14 2.32 1.97
UAN+Ag 1.48 1.77 1.78 1.99 2.26 2.31 1.93
sed 0.125 0.051
df 60 60
mean 1.54 181 | 194 | 210 2.20 2.26
sed (60 df) 0.056
cv% 7.8
Grain N
offtake
(kg/ha)
Control 56.7
AN 87.1 149.6 166.2 164.8 176.6 180.2 154.1
U 85.1 123.0 126.2 160.1 169.5 154.6 136.4
U+Ag 79.0 141.6 139.9 165.6 160.8 171.0 143.0
UAN 77.2 107.3 139.3 165.8 161.1 177.8 138.1
UAN+Ag 79.3 111.2 140.0 134.1 176.4 183.3 137.4
sed 14.29 5.83
df 60 60
mean 81.5 1266 | 1423 | 1581 | 168.9 | 1734
sed (60 df) 6.39

cv%

12.6
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WP1a Crop Responses

Apparent

recovery (%)

of applied N

Control

AN 76.0 93.0 68.5 49.2 42.8 36.3 61.0

U 71.1 66.3 43.5 47.0 40.3 28.8 495

U+Ag 55.8 84.9 52.0 495 37.2 33.6 52.2
UAN 51.3 50.7 51.6 49.6 37.3 35.6 46.0

UAN+Ag 56.5 54.5 52.1 35.2 427 37.2 46.4

sed 20.79 8.49

df 58 58

mean | 621 | 699 | 535 | 461 | 401 | 343

sed (58 df) 9.30

cv%

49.9

where apparent recovery = (Nofftakenieve-Nofftakenin)/Nlevel*100
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Modelled Yields

i) Individual models fitted for each N material

Ammonium Nitrate

Ratio Nopt Yopt % N at
(kg/ha) | (t/ha) Nopt 12
3:1 154 9.41 2.03 10 L R
4:1 147 | 938 | 2.00 g _ $ ——e ¢
5:1 141 9.35 1.98 2 8 *
6.1 135 | 932 | 1.96 3 A
- X 63
7:1 130 9.29 1.94 ) /
T 4 -
[] — LEXPfit
Parameters of fitted LEXP model > 5 e Plot yields
R 0.984389
A 10.8464 o] ‘ ‘ ‘
B -6.2824 0] 100 200 300
C -0.00574 AN (kg/ha)
%variance accounted for 83.2
Urea
Ratio Nopt Yopt % N at 12
(kg/ha) (t/ha) Nopt .
3:1 >max * * 10 s
4:1 >max * * g 5 T
5:1 >max * * = b4 g
6:1 >max * * § 64 .
7:1 >max * * H /
§ 4 % — LEXPfit
Parameters of fitted LEXP model 5 e Potyields| |
R 0.965821
A 7.1847 0 ‘ ‘ ‘
B -2.5271 0 100 200 300
C 0.0067 Urea (kg/ha)
%variance accounted for 68.1
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WP1a Crop Responses

Urea + Agrotain (1000 ppm)

Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt
3:1 202 9.03 2.04
4:1 194 9.01 2.02
5:1 187 8.98 2.00
6:1 180 8.94 1.98
71 174 8.90 1.97

Parameters fitted to LEXP model

R 0.994787
A 18.3732
B -13.8886
C -0.0223
%variance accounted for 76.7
UAN
Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt
3:1 284 9.06 2.20
4:1 254 8.96 2.14
5:1 231 8.85 2.09
6:1 212 8.75 2.05
7:1 196 8.65 2.01
Parameters fitted to LEXP model
R 0.99
A 9.2883
B -4.8612
C 0.0002
%variance accounted for 79.8
UAN + Agrotain (1.7ml/litre)
Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt
3:1 >max * *
4:1 278 9.04 2.18
5:1 231 8.84 2.05
6:1 203 8.68 1.97
7:1 183 8.55 1.91
Parameters fitted to LEXP model
R 0.98638
A 8.3211
B -3.6765
C 0.0029
%variance accounted for 90.7
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WP1a Crop Responses

Site 7. Boxworth (w. wheat)

Results of 15t plant sampling (02/6/2004) three weeks after N3 application, 160 kg/ha N rate for each N

material
Control AN U U+Ag UAN UAN+Ag sed df | CV%
(nil N)
DM yield (t/ha) 5.11 8.84 8.49 8.15 8.63 8.72 0.201 | 10 3.1
Plant N (%) 1.66 2.37 2.18 2.56 2.32 2.58 0218 | 10 | 11.7
Crop N offtake 85.5 209.0 185.3 | 208.7 | 200.6 224.8 17.38 | 10 | 115

(kg/ha N)

Results of 2" plant sampling (24/6/2004) six weeks after N3 application, 160 kg/ha N rate for each N

material
Control AN U U+Ag UAN UAN+Ag sed df | CV%
(nil N)
DM yield (t/ha) 8.09 14.32 13.57 13.34 | 13.67 14.46 0.321 | 10 3.0
Plant N (%) 0.10 1.80 1.61 1.69 1.69 1.71 0.142 | 10 | 11.0
Crop N offtake 80.4 258.3 | 2179 | 225.7 | 230.7 247.5 17.82 | 10 | 104

(kg/ha N)
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WP1a Crop Responses

Results at Harvest

N rate (kg/ha)

0 40 100 160 220 280 340 Mean
DM yield

(t/ha)

Control 514

AN 6.65 8.30 9.86 10.26 10.48 9.20 9.12
U 6.65 8.37 9.78 9.96 10.05 10.19 9.17
U+Ag 6.80 8.54 9.77 10.02 10.05 10.46 9.27
UAN 6.65 8.47 9.54 9.67 10.28 9.53 9.02
UAN+Ag 6.64 8.43 9.41 10.32 9.85 9.43 9.01
sed 0.367 0.150
df 58 58
mean 668 | 842 | 967 | 1005 | 1014 | 976

sed (58 df) 0.164

cv% 5.0

Grain N (%)

Control 1.83

AN 1.82 1.94 2.13 217 2.31 2.32 2.12
U 1.80 1.99 2.05 2.10 2.21 2.31 2.08
U+Ag 1.88 1.92 2.08 2.18 2.26 2.29 2.10
UAN 1.82 1.96 2.07 2.19 2.23 2.27 2.09
UAN+Ag 1.78 1.91 2.06 2.20 2.16 2.28 2.07
sed 0.065 0.027
df 58 58
mean 1.82 194 | 208 | 217 | 223 | 229

sed (58 df) 0.029

cv% 3.8

Grain N

offtake

(kg/ha)

Control 80.3

AN 103.8 137.2 178.7 188.8 205.9 181.8 166.0
U 102.1 141.5 170.2 177.9 189.2 199.9 163.5
U+Ag 109.5 139.7 172.8 185.6 193.5 204.0 167.5
UAN 103.3 141.1 168.1 180.0 195.1 183.5 161.8
UAN+Ag 100.6 136.8 165.0 193.0 181.0 183.0 159.9
sed 9.12 3.72
df 58 58
mean 103.9 | 139.3 | 171.0 | 185.0 [ 192.9 | 190.4

sed (58 df) 4.08

cv%

6.9
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WP1a Crop Responses

Apparent

recovery (%)

of applied N

Control

AN 58.7 56.9 61.5 49.4 44.9 28.4 50.0
U 54.5 61.2 56.2 44 .4 38.9 35.2 48.4
U+Ag 73.2 59.5 57.8 47.9 39.0 36.4 52.3
UAN 57.6 60.9 54.9 45.3 41.0 30.4 48.3
UAN+Ag 50.9 56.6 53.0 51.2 36.0 30.2 46.3
sed 9.46 3.86
df 56 56
mean | 590 | 590 | 567 | 476 | 400 | 321

sed (56 df) 4.23

cv%

23.6

where apparent recovery = (Nofftakenieve-Nofftakenin)/Nlevel*100
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Modelled Yields

i) Individual models fitted for each N material

Ammonium Nitrate

Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt

3:1 226 10.00 2.23

4:1 212 9.95 2.20

5:1 201 9.90 2.18

6:1 190 9.84 2.16

7:1 181 9.78 2.14

Parameters of fitted LEXP model

R 0.99

A 11.5953

B -6.7245

C -0.004

%variance accounted for 93.9

Urea

Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt

3:1 246 10.15 2.16

4:1 235 10.12 2.15

5:1 225 10.07 2.13

6:1 215 10.02 2.12

7:1 206 9.95 2.10

Parameters of fitted LEXP model

R 0.994888

A 17.1232

B -12.0407

C -0.0145

%variance accounted for 93.7
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WP1a Crop Responses

Urea + Agrotain (1000 ppm)

Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt
3:1 262 10.26 2.24
4:1 245 10.20 2.22
5:1 231 10.13 2.20
6:1 218 10.06 2.18
71 206 9.98 2.16

Parameters fitted to LEXP model

12

10

/”
L J
Py

R 0.992216

A 12.3029

B -7.1984

C -0.0043

%variance accounted for 90.9

UAN

Ratio Nopt Yopt % N at
(kg/ha) | (t/ha) Nopt

3:1 229 10.01 2.20

4:1 222 9.98 2.19

5:1 214 9.95 2.18

6:1 207 9.90 217

7:1 200 9.86 2.16

Parameters fitted to LEXP model

R 0.997471

A 41.2802

B -36.1448

C -0.0482

%variance accounted for 94.7

UAN + Agrotain (1.7ml/litre)

Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt

3:1 226 10.10 2.19

4:1 220 10.08 2.18

5:1 214 10.05 217

6:1 208 10.02 217

7:1 202 9.98 2.16

Parameters fitted to LEXP model

R 0.99972

A 2241.6161

B -2236.4841

C -0.5849

%variance accounted for 91.7
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WP1a Crop Responses

Site 8. IGER De Bathe (grass)

Plant height (cm on 04/4/2005) at time of N2 application, results based on N1 application rates

N1 rate kg/ha (no. of replicates in brackets)
0(3) 40 (9) 80 (6) Mean
Control 5.62
AN 6.80 8.80 7.60
U 6.66 8.70 7.47
U+Ag500c 6.96 7.37 712
U+Ag500m 6.90 8.73 7.63
U+Ag250m 6.47 8.15 7.14
Sed 0.357
Df 80 80
CV% 13.9
Plant height (cm on 26/4/2005, 3 weeks after N2 application)
N rate (kg/ha N1 + N2)
0 40 80 120 160 200 240 Mean
Control 14.00
AN 13.80 15.50 14.33 15.23 16.17 9.73 14.13
u 13.33 13.53 14.97 14.67 14.63 13.20 14.06
U+AgC 15.23 13.77 14.50 16.77 12.60 14.30 14.53
U+AgM1 16.73 15.67 15.63 13.90 11.43 15.67 14.84
U+AgM2 15.70 11.93 14.07 16.80 13.77 13.47 14.29
Sed 2172 0.887
Df 60 60
Rate mean | 1496 | 14.08 | 1470 | 1547 | 1372 | 13.27
sed 60 df 0.971
CV% 18.5
Plant sampling (26/4/2005), 3 weeks after N2 application, 120kg/ha N rate for each N material
Control AN U U+AgC U+M1 U+M2 sed df cv
(nil N) %
DM yield (t/ha) 0.46 1.98 2.26 217 2.20 2.24 0.230 | 10 | 15.0
Plant N (%) 1.60 3.21 3.00 3.28 2.83 2.86 0214 | 10 | 94
Crop N offtake 7.4 64.0 67.8 70.2 62.3 64.0 7.29 10 | 16.0
(kg/ha N)
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WP1a Crop Responses

Results at 15t Cut

N rate (kg/ha)

0 40 80 120 160 200 240 Mean
DM yield
(t/ha)
Control 1.59
AN 2.55 4.03 4.28 5.28 5.61 5.67 4.57
U 2.67 3.74 4.73 4.83 5.94 6.21 4.69
U+AgC 2.78 3.91 4.41 5.24 5.58 6.18 4.68
U+AgM1 2.72 4.19 4.62 5.15 5.99 6.01 478
U+AgM2 2.61 3.85 4.89 4.54 6.09 5.67 4.61
Sed 0.319 0.130
Df 60 60
Mean 267 | 394 | 459 | 501 584 | 595
sed (60 df) 0.143
cv% 8.6
Plant N (%)
Control 1.50
AN 1.58 1.59 1.98 2.05 2.39 2.59 2.03
U 1.62 1.72 1.86 2.00 2.18 2.14 1.92
U+AgC 1.53 1.58 1.93 1.97 217 2.34 1.92
U+AgM1 1.55 1.68 1.70 2.15 2.18 2.34 1.93
U+AgM2 1.67 1.69 1.69 2.25 2.07 2.18 1.93
Sed 0.127 0.052
Df 60 60
Mean 159 | 165 | 183 | 208 | 220 | 232
sed (60 df) 0.057
cv% 8.1
Crop N
offtake
(kg/ha)
Control 23.57
AN 40.32 64.16 84.77 | 108.17 | 133.79 | 146.59 96.30
U 43.29 64.06 87.55 96.93 | 129.77 | 132.91 92.42
U+AgC 42.36 61.50 85.33 | 102.27 | 120.73 | 144.86 92.84
U+AgM1 42.07 70.66 78.72 | 110.84 | 130.82 | 139.21 95.39
U+AgM2 43.45 64.96 82.77 | 102.15 | 125.89 | 123.83 90.51
Sed 7.300 2.980
Df 60 60
Mean 42.30 | 65.07 | 83.83 | 104.07 | 128.20 | 137.48
sed (60 df) 3.265

cv%

9.8
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WP1a Crop Responses

Apparent

recovery (%)

of applied N

Control

AN 41.9 50.7 51.0 52.9 55.1 51.3 50.5
U 49.3 50.6 53.3 45.9 53.1 456 49.6
U+Ag500c 47.0 47 4 51.5 49.2 48.6 50.5 49.0
U+Ag500m 46.2 58.9 45.0 54.6 53.6 48.2 51.2
U+Ag250m 497 51.7 49.3 49.1 51.2 41.8 48.8
sed 6.689 2.731
df 58 58
mean | 46.81 | 51.87 | 5021 | 50.31 | 52.31 | 47.46

sed (58 df) 2.991

cv% 16.4

where apparent recovery = (Nofftakenieve-Nofftakenin)/Nlevel*100
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WP1a Crop Responses

Modelled Yields

(i) Individual Models for each product

Ammonium Nitrate

Ratio Nopt Yopt % N at
(kg/ha) | (Yha) | Nopt 7

7.5:1 >max * * = 6

8:1 234 577 2.56 S 5

9:1 209 5.55 2.42 ‘g

10:1 188 5.36 2.29 o4

11:1 171 5.18 2.19 2

12:1 157 5.02 2.10 o 3 .

. . . 0 / — LEXPfit

>2 m  plot yields ]

Parameters of fitted LEXP model E 1

R 0.99

A 5.0317 0 ; ; : : :

B -3.5617 50 100 150 200 250 300

C 0.0046 AN kg/ha

%variance accounted for 93.7

Urea

Ratio Nopt Yopt % N at

(kg/ha) (t/ha) Nopt 8
7.5:1 >max * *
8:1 >max * * ® ! -
. < " =

9:1 >max * * 2 6 /=/l/ ™

10:1 >max * * "é 5 :

11:1 >max * * ® 4 n u [

12:1 236 | 620 | 217 5 A
3 3 /I/ —— LEXPfit [
; 2 m  plot yields |—

Parameters of fitted LEXP model (=

R 0.992542

A 4,9989 0 T T T T T

B 3.4368 50 100 150 200 250 300

C 0.0076 U kg/ha

%variance accounted for 92.9
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WP1a Crop Responses

Urea+Agrotain 500mg/kg coated (U+Ag500c)

Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt
7.5:1 7.5:1 >max *
8:1 8:1 >max *
9:1 9:1 >max *
10:1 10:1 >max *
11:1 11:1 >max *
12:1 12:1 219 5.89

Parameters fitted to LEXP model

R 0.988324
A 3.9069
B -2.3349
C 0.0099
Y%variance accounted for 94.6

Urea+Agrotain 500mg/kg melt (U+Ag500m)

Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt
7.5:1 219 5.94 2.28
8:1 213 5.89 2.26
91 201 5.79 2.22
10:1 190 5.68 2.17
11:1 180 5.58 2.13
12:1 170 5.46 2.08

Parameters fitted to LEXP model

R 0.995854
A 13.396
B -11.8391
C -0.0123
%variance accounted for 92.9

Ureat+Agrotain 250mg/kg melt (U+Ag500m50m)

Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt
7.5:1 >max * *
8:1 >max * *
91 220 5.72 2.17
10:1 197 5.50 2.13
11:1 178 5.31 2.08
12:1 163 5.13 2.04

Parameters fitted to LEXP model

R 0.99
A 4,972
B -3.49
C 0.00515
%variance accounted for 91.3
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WP1a Crop Responses

Site 9. IGER Rowden (grass)

Plant height (cm on 05/4/2005) at time of N2 application, results based on N1 application rates

N1 rate kg/ha (no. of replicates in brackets)

0(3) 40 (9) 80 (6) Mean
Control 6.38
AN 8.29 9.30 8.69
U 7.94 8.87 8.31
U+AgC 9.12 9.02 9.08
U+AgM1 7.10 9.25 7.96
U+AgM2 7.87 9.22 8.41
Sed 0.468
Df 80 80

cv%

15.9

Plant height (cm on 25/4/2005, 3 weeks after N2 application), control and 120kg/ha N rate only

N rate (kg/ha N1 + N2)

0 40 80 120 160 200 240 Mean
Control 13.93
AN 17.27 12.00 12.23 14.73 12.93 14.07 13.87
U 15.70 12.87 13.00 12.40 14.40 13.40 13.63
U+AgC 15.33 11.80 14 .47 15.70 13.77 12.70 13.96
U+AgM1 16.73 13.17 14.23 10.97 16.67 11.10 13.81
U+AgM2 9.07 13.53 16.37 11.70 16.03 15.93 13.77
Sed 2.546 1.039
Df 60 60
Cv% 22.6
Plant sampling (25/4/2004), 3 weeks after N2 application, 120kg/ha N rate for each N material
Control AN U U+AgC | U+AgM1 | U+AgM2 sed df | CV
(nil N) %
DM yield (t/ha) 1.02 2.45 2.54 2.57 2.01 2.29 0.370 | 10 | 211
Plant N (%) 1.99 3.03 3.23 3.14 3.04 3.22 0.117 | 10 | 49
Crop N offtake 20.4 74.3 81.7 81.9 61.5 73.6 13.44 | 10 | 251
(kg/ha N)
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WP1a Crop Responses

Results at 15t Cut

N rate (kg/ha)

0 40 80 120 160 200 240 Mean
DM yield
(t/ha)
Control 2.06
AN 3.89 4.37 5.80 5.82 6.12 6.08 5.35
U 3.57 4.72 5.65 4.80 6.25 6.08 5.18
U+AgC 3.88 5.07 5.55 5.33 6.15 5.94 5.32
U+AgM1 3.28 4.69 5.27 5.46 5.95 6.52 5.19
U+AgM2 3.75 4.69 4.81 6.13 6.72 6.57 5.45
sed 0.571 0.233
df 60 60
mean 3.67 471 | 542 | 5.51 6.24 6.24
sed (60 df) 0.255
cv% 13.5
Plant N (%)
Control 1.51
AN 1.66 1.99 1.86 2.14 2.21 2.32 2.03
U 1.63 1.79 2.04 2.26 2.28 2.61 2.10
U+AgC 1.69 1.83 1.87 1.99 2.34 2.48 2.04
U+AgM1 1.67 1.77 1.91 2.14 2.17 2.41 2.01
U+AgM2 1.69 1.68 2.10 2.10 2.05 2.40 2.00
sed 0.147 0.060
df 60 60
mean 1.67 181 | 196 | 213 2.21 2.44
sed (60 df) 0.066
cv% 8.9
Crop N
offtake
(kg/ha)
Control 32.5
AN 64.6 86.2 108.5 124.8 135.3 140.8 110.1
U 58.8 84.4 118.2 108.4 142.1 158.8 111.8
U+AgC 65.5 94.2 104.9 107.2 142.9 146.1 110.1
U+AgM1 55.1 82.7 100.9 117.6 129.1 156.9 107.1
U+AgM2 64.3 78.8 101.4 128.6 134.4 157.0 110.7
sed 13.04 5.33
df 60 60
mean 616 | 853 | 106.8 | 117.3 | 136.8 | 151.9
sed (60 df) 5.83

cv%

14.9
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WP1a Crop Responses

Apparent
recovery (%)
of applied N
Control
AN 80.4 67.2 63.4 57.7 51.4 45.1 60.9
U 65.8 64.9 71.4 47.5 54.8 52.6 59.5
U+AgC 82.6 77.2 60.4 46.7 55.2 47.3 61.6
U+AgM1 56.5 62.8 57.0 53.2 48.3 51.9 54.9
U+AgM2 79.5 57.9 57.4 60.1 51.0 51.9 59.6
sed 14.77 6.03
df 58 58
mean | 729 | 660 | 619 | 530 | 521 | 498
sed (58 df) 6.61
cv% 30.5
where apparent recovery = (Nofftakenieve-Nofftakenin)/Nlevel*100
8
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=) S Vi
5 - X v
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> f —e—AN
g 3 77 | i
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WP1a Crop Responses

Modelled Yields

(i) Individual models fitted for each N material

Ammonium Nitrate

Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt
7.5:1 160 5.93 2.09
8:1 157 5.91 2.08
9:1 151 5.86 2.06
10:1 145 5.80 2.04
11:1 139 5.74 2.02
12:1 133 5.67 2.00
Parameters of fitted LEXP model
R 0.995246
A 16.8636
B -14.7492
C -0.0253
%variance accounted for 74
Urea
Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt
7.5:1 174 5.68 2.26
8:1 163 5.59 2.21
9:1 145 5.44 2.13
10:1 132 5.31 2.07
11:1 121 5.20 2.02
12:1 112 5.10 1.98

Parameters of fitted LEXP model

R 0.98174
A 4.8486
B -2.8182
C 0.0054
%yvariance accounted for 66.2
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Urea+Agrotain 500mg/kg coated (U+Ag500c)

Ratio Nopt Yopt % N at

(kg/ha) (t/ha) Nopt 8
7.5:1 133 5.54 2.01 7
8:1 128 5.50 1.99 _
9:1 120 | 543 | 196 g°
10:1 113 5.36 1.93 s 5
11:1 106 5.30 1.91 % 4
12:1 101 5.23 1.89 T .8

g 3 — LEXPfit

Parameters fitted to LEXP model z 2 ® Potyields
R 0.981575 1
A 5.5875 0
B -3.5432 0 50 100 150 200 250 300
¢ 0.0019 U+Ag500c (kg/ha)
%variance accounted for 70.7 9 g
Urea+Agrotain 500mg/kg melt (U+Ag500m)
Ratio Nopt Yopt % N at 8

(kg/ha) (t/ha) Nopt
7.5:1 >max * * 7
8:1 >max * * T 6 L] l/l’
9:1 213 6.17 2.28 = | ] -
10:1 184 5.90 217 3 ° /l/' u
11:1 163 5.67 2.10 5 4 /:/
12:1 147 5.49 2.04 é 3 ¥ _ LEXP Tt

Plot yield

Parameters fitted to LEXP model E 2 u Potylelds
R 0.985871 1
A 4.7909 0l ‘ ‘ ‘ ‘ ‘
B -2.7808 0 50 100 150 200 250 300
C 0.0071 U+Ag500m (kg/ha)
%variance accounted for 86.9

Urea+Agrotain 500mg/kg melt (U+Ag250m)

Ratio Nopt Yopt % N at 9

(kg/ha) (t/ha) Nopt
7.5:1 >max * * 8 -
8:1 >max * * _’:n? 7 - /
9:1 >max * * s 6 .
10:1 >max * * § 5 5 ] / "
11:1 225 6.66 2.29 < 4 = - u
12:1 183 6.18 2.15 2 4. =V

; u m  Pot yields

Parameters fitted to LEXP model a2
R 0.984254 1
A 4.4825 0 : : : : :
B -2.3771 0 50 100 150 200 250 300
C 0.0099 U+Ag250m (kg/ha)
%variance accounted for 78
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WP1a Crop Responses

Site 10. High Mowthorpe (grass)

Plant sampling (29/4/2004), 3 weeks after N2 application, 120kg/ha N rate for each N material

Control AN U U+AgC | U+AgM1 | U+AgM2 sed df | CV

(nil N) %
DM yield (t/ha) 1.55 3.37 3.28 3.24 3.10 3.34 0.203 | 10 | 8.3
Plant N (%) 2.24 3.22 3.52 3.61 3.77 4.04 0.286 | 10 | 10.3
Crop N offtake 35.2 108.9 | 115.2 116.3 116.9 134.2 12.39 | 10 | 14.5
(kg/ha N)
NT2605_4061_FRP 80



NT2605 Final report:

WP1a Crop Responses

Results at 15t Cut

N rate (kg/ha)

0 40 80 120 160 200 240 Mean
DM yield

(t/ha)

Control 1.60

AN 2.53 3.85 4.03 4.38 4.61 4.88 4.05
U 2.45 3.64 4.14 4.07 4.58 4.97 3.97
U+AgC 2.54 3.44 4.05 4.27 4.64 4.75 3.95
U+AgM1 2.67 4.15 417 4.74 4.65 4.68 4.18
U+AgM2 2.55 3.85 4.38 4.35 4.58 4.87 4.10
sed 0.264 0.108
df 60 60
mean 2.55 379 | 415 | 436 4.61 4.83

sed (60 df) 0.118

cv% 8.2

Plant N (%)

Control 1.90

AN 217 2.44 2.66 3.21 3.22 3.57 2.88
U 2.20 2.38 2.71 3.07 3.24 3.02 2.77
U+AgC 2.15 2.50 2.73 3.21 3.20 3.93 2.95
U+AgM1 2.51 2.29 2.79 3.12 3.17 3.30 2.87
U+AgM2 2.45 2.55 2.53 3.27 3.46 3.56 2.97
sed 0.284 0.116
df 60 60
mean 2.30 243 | 269 | 3.18 3.26 3.48

sed (60 df) 0.127

cv% 12.2

Crop N

offtake

(kg/ha)

Control 304

AN 54.1 93.6 108.0 140.3 147.2 173.6 119.5
U 52.5 85.1 112.2 124.7 148.4 149.8 112.1
U+AgC 53.9 84.9 111.0 137.2 146.4 186.1 119.9
U+AgM1 65.6 95.2 116.3 122.5 147.2 153.8 116.7
U+AgM2 63.1 98.1 110.8 142.0 158.3 172.8 124.2
sed 12.95 5.29
df 60 60
mean 57.9 914 | 1116 | 1333 | 1495 | 167.2

sed (60 df) 5.79

cv%

13.7
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WP1a Crop Responses

Apparent
recovery (%)
of applied N
Control
AN 59.2 79.0 64.7 68.7 58.4 59.7 64.9
U 55.3 68.4 68.2 58.9 59.0 49.8 59.9
U+AgC 58.9 68.1 67.2 66.7 58.0 64.9 64.0
U+AgM1 88.1 81.0 71.6 57.6 58.4 51.4 68.0
U+AgM2m 81.8 84.7 67.0 69.8 63.9 59.3 71.1
sed 13.31 543
df 58 58
mean | 687 | 762 677 | 643 | 595 57.0
sed (60 df) 5.95
cv% 24.9
where apparent recovery = (Nofftakenieve-Nofftakenin)/Nlevel*100
6
5 4
)
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2 4
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2 3 —e—AN
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WP1a Crop Responses

Modelled Yields

(i) Individual models fitted for each N material

Ammonium Nitrate

Ratio Nopt Yopt % N at
(kg/ha) | (t/ha) Nopt

7.5:1 154 4.40 2.98

8:1 148 4.34 2.94

9:1 136 4.24 2.85

10:1 126 4.15 2.78

11:1 117 4.05 2.72

12:1 108 3.95 2.65

Parameters of fitted LEXP model

R 0.989471

A 5.031

B -3.4866

C 0.0003

%variance accounted for 90.8

Urea

Ratio Nopt Yopt % N at
(kg/ha) | (t/ha) Nopt

7.5:1 176 4.45 3.05

8:1 166 4.37 3.02

9:1 146 4.21 2.93

10:1 131 4.07 2.84

11:1 118 3.93 2.76

12:1 108 3.81 2.68

Parameters of fitted LEXP model

R 0.986849
A 3.8834
B -2.3412
C 0.0045
%variance accounted for 88.5
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WP1a Crop Responses

Urea+Agrotain 500mg/kg coated (U+Ag500c)

Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt
7.5:1 165 4.41 3.16
8:1 160 4.37 3.12
9:1 149 4.28 3.03
10:1 139 4.18 2.95
11:1 129 4.08 2.87
12:1 120 3.97 2.80
Parameters fitted to LEXP model
R 0.995689
A 11.5058
B -9.929
C -0.0135
%variance accounted for 91.8

Urea+Agrotain 500mg/kg melt (U+Ag500m)

Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt
7.5:1 137 4.52 2.82
8:1 134 4.50 2.81
9:1 128 4.44 2.77
10:1 121 4.39 2.73
11:1 116 4.32 2.70
12:1 110 4.26 2.67
Parameters fitted to LEXP model
R 0.993701
A 10.6101
B -9.0682
C -0.0166
%yvariance accounted for 93.1

Urea+Agrotain 250mg/kg melt (U+Ag250m)

Ratio Nopt Yopt % N at
(kg/ha) | (t/ha) Nopt

7.5:1 145 442 2.99

8:1 141 4.38 2.96

9:1 132 4.31 2.90

10:1 124 4.23 2.84

11:1 116 4.15 2.79

12:1 109 4.07 2.74

Parameters fitted to LEXP model

R 0.99093

A 6.26

B -4.74

C -0.004

%variance accounted for 94.7
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NT2605 Final report: WP1a Crop Responses

Site 11. Rothamsted (w. wheat)

Results of 15 plant sampling (25.5.2005) three weeks after N3 application, 160 kg/ha N rate for each N

material

Control AN U U+Ag UAN UAN+Ag sed df cv

(nil N) %
DM yield (t/ha) 3.01 7.00 6.12 6.94 7.27 7.30 0556 | 12 | 11.7
Plant N (%) 1.13 1.69 1.64 1.69 1.81 1.63 0.114 | 12 9.1
Crop N offtake 34.1 118.5 | 100.7 | 1174 | 131.8 119.1 12.04 | 12 | 15.7
(kg/ha N)

Results of 25t plant sampling (14.6.2005) six weeks after N3 application, 160 kg/ha N rate for each N

material
Control AN U U+Ag UAN UAN+Ag sed df cv
(nil N) %
DM yield (t/ha) 5.17 10.45 9.72 10.31 12.64 11.08 1101 | 13 | 14.6
Plant N (%) 0.84 1.21 1.15 1.30 1.20 1.30 0.097 | 13 | 10.6
Crop N offtake 43.7 126.8 | 112.2 1344 | 151.0 145.1 18.54 | 13 | 21.0
(kg/ha N)
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NT2605 Final report:

WP1a Crop Responses

Results at Harvest

N rate (kg/ha)

0 40 100 160 220 280 340 Mean
DM yield
(t/ha)
Control 4.04
AN 4.64 5.94 8.26 8.52 7.63 8.68 7.28
U 3.43 6.44 7.60 7.11 9.20 8.31 7.01
U+Ag500m 4.05 7.10 7.95 9.75 8.74 7.51 7.52
UAN 3.61 8.26 9.58 9.25 8.16 9.16 8.00
UAN+Ag500 5.47 5.65 8.55 8.22 7.13 8.90 7.32
Sed 1.158 0.473
Df 63 63
Mean 4.24 668 | 839 | 857 8.17 8.51
Sed (63 df) 0.518
cv% 19.7
Plant N (%)
Control 1.33
AN 1.30 1.61 1.79 2.02 2.42 2.56 1.95
U 1.36 1.57 1.65 2.03 2.17 2.37 1.86
U+Ag500m 1.27 1.53 1.90 2.07 2.33 2.56 1.94
UAN 1.32 1.41 1.75 2.13 2.42 2.43 1.91
UAN+Ag500 1.33 1.55 1.87 2.19 2.64 2.45 2.00
Sed 0.110 0.045
Df 63 63
Mean 1.32 153 | 179 | 209 | 239 | 248
Sed (63 df) 0.049
cv% 71
Crop N
offtake
(kg/ha)
Control 450
AN 50.6 80.4 125.0 146.1 154.7 188.9 124.3
U 39.5 84.3 105.9 120.0 169.5 165.9 114.2
U+Ag500m 43.4 91.7 128.1 171.3 173.4 162.2 128.3
UAN 39.3 98.9 142.3 167.6 167.5 189.2 134.1
UAN+Ag500 62.4 73.6 135.7 152.8 151.8 185.1 126.9
Sed 15.48 6.32
Df 63 63
Mean 47.0 858 | 1274 | 1516 | 163.4 | 178.3
sed (63 df) 6.92

cv%

15.7
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NT2605 Final report:

WP1a Crop Responses

Apparent

recovery (%)

of applied N

Control

AN 14.1 35.4 50.0 45.9 39.2 423 37.8
U -13.8 39.3 38.1 34.1 44 4 35.6 29.6
U+Ag500m -4.1 46.7 51.9 57.4 458 34.5 38.7
UAN -14.3 53.9 60.8 55.7 43.8 42 4 40.4
UAN+Ag500 435 28.5 56.7 49.0 38.1 41.2 429
sed 18.14 7.41
df 58 58
mean | 51 | 408 | 515 | 484 | 423 | 39.2

sed (58 df) 8.11

cv% 58.7

where apparent recovery = (Nofftakenieve-Nofftakenin)/Nlevel*100
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NT2605 Final report:

WP1a Crop Responses

Modelled Yields

i) Individual models fitted for each N material

Ammonium Nitrate

Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt

3:1 >max * *

4:1 292 8.36 2.41

5:1 256 8.20 2.25

6:1 230 8.05 2.13

7:1 209 7.92 2.03

Parameters of fitted LEXP model

R 0.99

A 8.0899

B -4.32

c 0.0017

%variance accounted for 46.7

Urea

Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt

3:1 >max * *

4:1 >max * *

5:1 >max * *

6:1 >max * *

7:1 >max * *

Parameters of fitted LEXP model

R 0.99

A 6.17

B -2.49

C 0.0082

%variance accounted for 55.8
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NT2605 Final report:

WP1a Crop Responses

Urea+Agrotain 500mg/kg melt (U+Ag500m)

Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt
3:1 247 8.48 2.24
4:1 229 8.42 2.16
5:1 213 8.35 2.09
6:1 200 8.28 2.02
7:1 188 8.20 1.96
Parameters fitted to LEXP model
R 0.99
A 9.463
B -5.8989
C -0.002
%variance accounted for 74.9
Liquid UAN (UAN)
Ratio Nopt Yopt % N at
(kg/ha) | (t/ha) Nopt
3:1 275 9.53 2.35
4:1 266 9.49 2.32
5:1 257 9.45 2.29
6:1 248 9.40 2.25
7:1 239 9.35 2.22
Parameters
R 0.997662
A 41.1472
B -37.5664
C -0.0432
%variance accounted for 68.7

Liquid UAN+Agrotain 500mg/kg (UAN+Ag500)

Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt
3:1 276 8.19 2.45
4:1 255 8.12 2.39
5:1 236 8.04 2.32
6:1 220 7.95 2.25
7:1 205 7.85 217
Parameters fitted to LEXP model
R 0.9938
A 10.5182
B -6.4499
C -0.0042
%variance accounted for 447
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NT2605 Final report:

WP1a Crop Responses

Site 12. Gleadthorpe (w. barley)

Results of plant sampling (25/5/2005) six weeks after N3 application, 160 kg/ha N rate for each N

material
Control AN U U+Ag UAN | UAN+Ag | sed df Ccv
(nil N) %
DM yield (t/ha) 3.63 8.10 7.20 7.94 7.28 7.43 0.713 | 10 | 12.6
Plant N (%) 0.96 1.79 1.53 1.88 1.63 1.59 0.156 | 10 | 12.2
Crop N offtake 35.3 144.7 110.2 147.8 117.2 117.7 11.32 | 10 | 124

(kg/ha N)
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NT2605 Final report:

WP1a Crop Responses

Results at Harvest

N rate (kg/ha)

0 40 100 160 220 280 340 Mean
DM yield
(t/ha)
Control 2.17
AN 3.71 5.50 5.46 5.51 4.81 5.25 5.04
U 4.44 5.23 5.21 5.14 5.77 5.36 5.19
U+Ag500m 3.93 5.57 5.00 4.94 5.29 5.01 4.96
UAN 4.00 5.31 5.38 5.39 5.22 5.48 5.13
UAN+Ag500 3.88 5.13 5.42 5.22 5.61 5.06 5.05
Sed 0.363 0.148
Df 60 60
Mean 399 | 535 | 529 | 524 | 534 | 523
sed (60 df) 0.163
cv% 8.9
Plant N (%)
Control 1.54
AN 1.45 1.87 2.08 2.55 2.75 2.89 2.27
U 1.39 1.63 2.03 2.44 2.53 2.82 2.14
U+Ag500m 1.36 1.74 2.40 2.71 2.84 2.84 2.32
UAN 1.40 1.53 2.00 2.35 2.53 2.74 2.09
UAN+Ag500 1.33 1.79 1.93 2.43 2.67 2.69 2.14
Sed 0.135 0.055
Df 60 60
Mean 1.39 171 | 209 | 250 | 267 | 280
sed (60 df) 0.061
cv% 7.6
Crop N
offtake
(kg/ha)
Control 28.2
AN 45.5 87.6 96.6 119.6 112.7 129.2 98.5
U 52.5 72.6 89.6 106.4 123.9 128.7 95.6
U+Ag500m 46.0 82.2 102.3 114.1 127.4 121.3 98.9
UAN 47.7 69.1 91.4 107.2 112.0 127.3 92.5
UAN+Ag500 43.2 77.7 89.1 108.1 127.0 115.8 93.5
Sed 8.85 3.61
Df 60 60
mean 47.0 778 | 938 | 1111 [ 1206 | 124.5
sed (60 df) 3.96

cv%

11.6
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NT2605 Final report:

WP1a Crop Responses

Apparent

recovery (%)

of applied N

Control

AN 43.2 59.4 42.7 41.5 30.2 29.7 411
U 60.6 44 .4 38.3 35.6 34.2 29.6 40.4
U+Ag500m 44.4 54.0 46.3 39.0 35.4 27.4 41.1
UAN 48.7 40.9 39.5 35.9 29.9 29.2 37.3
UAN+Ag500 375 49.5 38.1 36.3 35.3 25.8 37.1
sed 9.45 3.86
df 58 58
mean | 469 | 496 | 41.0 37.7 330 | 283

sed (58 df) 4.22

cv% 29.4

where apparent recovery = (Nofftakenieve-Nofftakenin)/Nlevel*100
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NT2605 Final report: WP1a Crop Responses

Modelled Yields

i) Individual models fitted for each N material

Ammonium Nitrate

Ratio Nopt Yopt % N at
(kg/ha) | (t/ha) Nopt

3:1 142 5.46 2.04

4:1 136 543 2.00

5:1 129 5.40 1.95

6:1 122 5.36 1.91

7:1 117 5.33 1.88

Parameters of fitted LEXP model

R 0.985005

A 6.6973

B -4.61

C -0.005

%variance accounted for 76.9

Urea

Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt

3:1 112 5.18 1.69

4:1 100 513 1.62

5:1 91 5.10 1.57

6:1 85 5.06 1.55

7:1 80 5.03 0.15

Parameters of fitted LEXP model

R 0.96411

A 5.0879

B -2.9252

C 0.0012

%variance accounted for 87.4
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NT2605 Final report:

WP1a Crop Responses

Urea+Agrotain 500mg/kg melt (U+Ag500m)

Ratio Nopt Yopt % N at
(kg/ha) | (tha) | Nopt 6 - .
3:1 122 5.19 1.99 s . . — =
4:1 14 | 516 | 1.90 £ / = .
5:1 107 513 1.82 g 4 4
6:1 102 5.10 1.76 X
71 9% 507 | 1.70 3]
g 5 — LEXPfit
Parameters fitted to LEXP model B ’ W Potyields
R 0.97738 O 1
A 5.6391 o
B -3.5212 0 100 200 300 400
C -0.0019
o - U+Ag500m (kg/ha)
Jovariance accounted for 82.3
Liquid UAN (UAN)
Ratio Nopt Yopt % N at 7
(kg/ha) (t/ha) Nopt = =
3:1 140 5.35 1.81 = 6 a =
4:1 129 5.31 1.73 S 5 =_—4— = i
5:1 121 | 528 | 1.68 = - - -
6:1 113 5.23 1.63 N 4
7:1 107 5.19 1.59 % 3
g .
Parameters fitted to LEXP model E 2 ? T;Ei(P.flltd
R 0.979412 S e
A 5.6833
B -3.5431 0 ‘ ‘ ‘
c 20,001 0 100 200 300 400
%variance accounted for 81.4 UAN (kg/ha)
Liquid UAN+Agrotain 500mg/kg (UAN+Ag500)
Ratio Nopt Yopt % N at 7
(kg/ha) | (t/ha) Nopt 5 i
3:1 152 5.39 1.99 ) B . =
4:1 142 | 536 | 1.92 s . ——
5:1 134 5.32 1.86 9, H ]
6:1 126 5.28 1.81 B
7:1 120 | 524 | 1.77 23 V -
>
< :
Parameters fitted to LEXP model g 24 T LEXP_ﬁt
R 0.985012 1 m Flotylelds
A 6.3151 o | | |
B -4.1554 0 100 200 300 400
C -0.0033 UAN+Ag500 (kg/ha)
%variance accounted for 84.8
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NT2605 Final report:

WP1a Crop Responses

Site 13. SAC Bush (w. wheat)

Results of 15t plant sampling (14/6/2005) three weeks after N3 application, 160 kg/ha N rate for each N

material
Control AN U U+Ag UAN | UAN+Ag | sed df Ccv
(nil N) %
DM yield (t/ha) 2.65 6.52 6.22 6.31 5.45 5.78 0.893 | 10 | 19.9
Plant N (%) 1.32 2.47 1.95 2.27 2.39 2.16 0.344 | 10 | 201
Crop N offtake 35.1 158.6 124.1 145.1 131.9 122.0 28.58 | 10 | 29.3

(kg/ha N)

Results of 25 plant sampling (04/7/2005) six weeks after N3 application, 160 kg/ha N rate for each N

material
Control AN U U+Ag UAN | UAN+Ag | sed df (47
(nil N) %
DM yield (t/ha) 5.14 9.90 12.17 11.56 | 10.30 11.16 1.167 | 10 | 14.2
Plant N (%) 1.43 1.73 1.60 1.68 1.57 1.58 0.220 | 10 | 16.8
Crop N offtake 73.1 171.4 193.7 194.3 163.5 175.4 20.62 | 10 | 15.6

(kg/ha N)
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NT2605 Final report:

WP1a Crop Responses

Results at Harvest

N rate (kg/ha)

0 40 100 160 220 280 340 Mean
DM yield
(t/ha)
Control 3.65
AN 4.59 7.39 8.37 8.75 9.22 9.26 7.93
U 4.66 6.92 7.96 8.75 9.06 9.44 7.80
U+Ag500m 5.15 7.22 8.82 9.30 10.14 10.39 8.50
UAN 4.81 7.03 8.24 8.54 9.34 9.20 7.86
UAN+Ag500 4.67 6.54 7.90 8.89 9.28 9.48 7.79
sed 0.442 0.180
df 60 60
mean 477 | 702 | 826 | 885 | 941 | 955
sed (60 df) 0.198
cv% 6.9
Plant N (%)
Control 1.60
AN 1.50 1.56 1.83 2.06 2.24 2.33 1.92
U 1.50 1.63 1.81 2.02 2.13 2.36 1.91
U+Ag500m 1.54 1.60 1.75 2.04 2.12 2.28 1.89
UAN 1.61 1.59 1.73 1.94 2.02 2.28 1.86
UAN+Ag500 1.51 1.62 1.73 1.91 2.01 2.30 1.85
sed 0.068 0.028
df 60 60
mean 1.53 160 | 177 | 199 | 211 | 231
sed (60 df) 0.030
cv% 4.4
Crop N
offtake
(kg/ha)
Control 498
AN 58.7 97.8 129.8 152.7 175.7 183.8 133.1
U 59.6 96.0 122.8 149.8 163.3 189.4 130.1
U+Ag500m 67.2 98.5 131.3 161.2 183.0 201.0 140.4
UAN 65.8 94.8 121.4 140.8 160.3 177.7 126.8
UAN+Ag500 59.7 90.0 116.3 144 .4 158.5 184.5 125.6
sed 6.60 2.70
df 60 60
mean 62.2 954 | 1243 | 149.8 | 1682 | 187.3
sed (60 df) 2.95
cv% 6.3
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NT2605 Final report:

WP1a Crop Responses

Apparent
recovery (%)
of applied N
Control
AN 22.2 48.0 50.0 46.8 45.0 394 41.9
U 24.4 46.2 52.1 45.4 40.5 411 41.6
U+Ag500m 43.5 48.7 50.9 50.6 47.6 44.5 47.6
UAN 39.9 45.0 44.8 41.4 39.5 37.6 41.4
UAN+Ag500 24.9 40.2 41.6 43.0 38.8 39.6 38.0
sed 8.72 3.56
3.56 58 58
mean | 31.0 | 456 | 479 | 454 | 423 | 404
sed (60 df) 3.90
cv% 254
where apparent recovery = (Nofftakenieve-Nofftakenin)/Nlevel*100
12
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NT2605 Final report:

WP1a Crop Responses

Modelled Yields

i) Individual models fitted for each N material

Ammonium Nitrate

Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt

3:1 267 9.22

4:1 255 9.19

5:1 248 9.15

6:1 239 9.10

7:1 230 9.04

Parameters of fitted LEXP model

R 0.996401

A 23.33

B -19.91

C -0.0244

%variance accounted for 92.8

Urea

Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt

3:1 307 9.31

4:1 293 9.26

5:1 281 9.20

6:1 269 9.14

7:1 257 9.06

Parameters of fitted LEXP model

R 0.997003
A 24.2799
B -20.7758
C -0.0218
%variance accounted for 95.6
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NT2605 Final report: WP1a Crop Responses

Urea+Agrotain 500mg/kg melt (U+Ag500m)

Parameters fitted to LEXP model

—— LEXP fit

Ratio Nopt Yopt % N at 12
(kg/ha) (t/ha) Nopt
3:1 337 10.37 — 10
4:1 321 10.31 < .
5:1 306 10.25 s 8 - . .
6:1 293 | 10.17 X /I//
71 279 | 10.09 2 ° /
S 4" LEXPfit |
Parameters fitted to LEXP model -g '
R 0.996085 o 2 m Plotyields | |
A 18.7603
B -15.1769 0 ‘ ‘ ‘
c 0.0129 0 100 200 300 400
%variance accounted for 94.6 U (kgrha)
Liquid UAN (UAN+Ag500)
Ratio Nopt Yopt % N at 12
(kg/ha) (t/ha) Nopt
3:1 280 9.19 10 - =
w [
4:1 269 9.16 < ./=/J_—.
5:1 259 9.11 = 8 . s
6:1 249 9.06 2 . a
7:1 236 8.99 o /_/
2 . (]
> 4 LEXP fit ||
Parameters fitted to LEXP model g K .
R 0.997266 0o 2 ® Plotyields | |
A 30.4706 o
2 2332?2 0 100 200 300 400
- UAN (kg/h
Y%variance accounted for 92.5 (ka/ha)
Liquid UAN+Agrotain 500mg/kg (UAN+Ag500)
Ratio Nopt Yopt % N at
(kg/ha) | (t/ha) Nopt 10 -
3:1 >max * * u
21 >max " " E - :/I’-/ 1
5:1 >max * * ;’
6:1 >max * * g;
71 >max * * bt
]
>
£
g
G]

R 0.99
A 7.509
B -4.1118
C 0.0069
%variance accounted for 92.9
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NT2605 Final report:

WP1a Crop Responses

Site 14. Boxworth (w. wheat)

Results of 15 plant sampling (31/5/2005) three weeks after N3 application, 160 kg/ha N rate for each N

material
Control AN U U+Ag UAN | UAN+Ag | sed df Ccv
(nil N) %
DM yield (t/ha) 9.37 10.38 9.97 9.97 9.39 9.57 0.557 | 10 7.0
Plant N (%) 2.06 2.86 2.47 2.83 2.74 2.84 0425 | 10 | 19.8
Crop N offtake 191.0 302.0 | 249.0 | 283.0 | 258.0 272.0 51.30 | 10 | 24.2

(kg/ha N)

Results of 25 plant sampling (20/6/2005) six weeks after N3 application, 160 kg/ha N rate for each N

material
Control AN U U+Ag UAN | UAN+Ag | sed df (47
(nil N) %
DM yield (t/ha) 13.23 14.30 13.92 13.74 | 13.91 13.81 0.450 | 10 4.0
Plant N (%) 1.41 1.86 1.81 1.87 1.79 1.82 0.125 | 10 8.7
Crop N offtake 190.5 266.1 2534 | 257.5 | 2484 252.6 20.98 | 10 | 10.5

(kg/ha N)
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NT2605 Final report:

WP1a Crop Responses

Results at Harvest

N rate (kg/ha)

0 40 100 160 220 280 340 Mean
DM yield
(t/ha)
Control 8.43
AN 9.16 9.33 9.46 9.57 9.91 9.40 9.47
U 8.82 9.23 9.46 9.39 9.40 9.57 9.31
U+Ag500m 8.50 9.35 9.37 9.68 9.64 9.70 9.37
UAN 8.49 8.69 9.11 9.74 9.44 9.31 9.13
UAN+Ag500 8.50 9.20 9.13 9.47 9.74 9.40 9.24
sed 0.333 0.136
df 60 60
mean 869 | 916 | 931 | 957 | 963 | 948
sed (60 df) 0.149
cv% 4.4
Plant N (%)
Control 1.91
AN 2.03 2.07 2.25 2.44 2.46 2.48 2.29
U 1.92 2.16 2.27 2.44 2.46 2.48 2.29
U+Ag500m 1.94 2.18 2.33 2.39 2.44 2.42 2.28
UAN 1.95 2.11 2.28 2.44 2.43 2.46 2.28
UAN+Ag500 1.98 2.11 2.26 2.37 2.49 2.43 2.27
sed 0.057 0.023
df 60 60
mean 1.96 213 | 228 | 242 2.46 2.45
sed (60 df) 0.026
cv% 3.1
Crop N
offtake
(kg/ha)
Control 137.9
AN 158.2 163.9 180.6 | 198.7 | 207.5 198.4 184.5
U 144.7 169.3 182.3 | 1945 | 1965 | 202.2 181.6
U+Ag500m 140.3 174.0 185.5 | 196.8 | 200.3 199.9 182.8
UAN 141.5 155.7 176.5 | 201.9 194.6 194.5 177.5
UAN+Ag500 144.6 165.2 175.4 190.9 205.8 194.0 179.3
sed 8.68 3.54
df 60 60
mean 1459 | 165.6 | 180.1 | 1966 | 201.0 | 197.8
sed (60 df) 3.88

cv%

5.9
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Apparent
recovery (%)
of applied N
Control
AN 50.7 26.0 26.6 27.6 24.8 17.8 28.9
U 17.0 31.4 27.7 25.7 20.9 18.9 23.6
U+Ag500m 5.9 36.1 29.7 26.8 22.3 18.2 23.2
UAN 8.9 17.8 24.1 29.1 20.3 16.6 19.4
UAN+Ag500 16.6 27.2 23.4 24.1 24.2 16.5 22.0
sed 19.03 7.77
df 58 58
mean 19.8 | 277 | 263 | 266 | 225 | 176
sed (60 df) 8.51
cv% 99.5
where apparent recovery = (Nofftakenieve-Nofftakenin)/Nlevel*100
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Modelled Yields

i) Individual models fitted for each N material

Ammonium Nitrate

Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt

3:1 94 9.41 2.09

4:1 81 9.36 2.06

5:1 70 9.31 2.03

6:1 62 9.27 2.01

7:1 55 9.22 2.00

Parameters of fitted LEXP model

R 0.976526

A 9.4812

B -1.03

C 0.0004

%variance accounted for 30.0

Urea

Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt

3:1 117 9.27 217

4:1 95 9.20 2.10

5:1 79 9.12 2.05

6:1 65 9.05 2.01

7:1 54 8.97 1.98

Parameters of fitted LEXP model

R 0.985934

A 9.4404

B -1.0259

C 0.0002

%variance accounted for 24.0
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Urea+Agrotain 500mg/kg melt (U+Ag500m)

Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt
3:1 189 9.56 2.38
4:1 159 9.45 2.34
5:1 130 9.32 2.27
6:1 103 9.17 2.18
71 77 9.00 2.07

Parameters fitted to LEXP model

Grain yield 85%DM (t/ha)

-
N

-
o

— LEXPfit

m  Plot yields

100
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300

U+Ag500m (kg/ha)

400

Grain yield 85%DM (t/ha)

-
N

-
o

—— LEXPfit
B Plot yields

100

200

300

UAN (kg/ha)

400

R 0.998273
A 23.325
B -14.9821
C -0.0157
%variance accounted for 30.5
Liquid UAN (UAN)
Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt
3:1 156 9.13 2.28
4:1 107 8.97 2.13
5:1 76 8.82 2.03
6:1 52 8.69 1.96
7:1 33 8.56 1.93
Parameters fitted to LEXP model
R 0.99
A 9.0787
B -0.7778
C 0.0014
%variance accounted for 46.3
Liquid UAN (UAN+Ag500)
Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt
3:1 150 9.25 2.25
4:1 115 9.15 2.15
5:1 88 9.01 2.08
6:1 68 8.9 2.03
7:1 51 8.79 1.99
Parameters fitted to LEXP model
R 0.99
A 9.382
B -1.05
C 0.00067
%variance accounted for 23.2
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Site 15. Terrington (w. wheat)

Results of 15t plant sampling (23/5/2005) three weeks after N3 application, 160 kg/ha N rate for each N

material
Control AN U U+Ag UAN | UAN+Ag | sed df Ccv
(nil N) %
DM yield (t/ha) 4.01 7.42 6.87 8.25 6.75 6.82 0.815| 10 | 14.9
Plant N (%) 0.94 1.86 2.04 1.83 1.83 1.99 0.149 | 10 | 104
Crop N offtake 37.9 138.1 139.6 150.8 123.5 135.7 1461 | 10 | 14.8

(kg/ha N)

Results of 25 plant sampling (07/6/2005) six weeks after N3 application, 160 kg/ha N rate for each N

material
Control AN U U+Ag UAN | UAN+Ag | sed df Ccv
(nil N) %
DM yield (t/ha) 4.94 10.49 10.93 9.92 11.01 9.40 1.180 | 10 | 153
Plant N (%) 0.94 1.34 1.48 1.62 1.29 1.45 0.258 | 10 | 234
Crop N offtake 45.5 141.4 161.9 160.7 135.3 135.7 2591 | 10 | 244

(kg/ha N)

NT2605_4061_FRP
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Results at Harvest

N rate (kg/ha)

0 40 100 160 220 280 340 Mean
DM yield
(t/ha)
Control 3.68
AN 577 8.23 9.43 10.10 10.83 10.28 9.11
U 5.24 7.99 9.33 9.94 10.59 10.40 8.91
U+Ag500m 5.71 7.84 9.43 9.98 10.37 10.70 9.00
UAN 5.05 7.19 8.21 9.23 9.86 10.30 8.30
UAN+Ag500 5.42 7.54 9.09 9.78 9.41 10.14 8.56
sed 0.361 0.148
df 60 60
mean 544 | 776 | 910 | 9.80 | 1021 | 10.36
sed (60 df) 0.162
cv% 5.1
Plant N (%)
Control 1.51
AN 1.49 1.64 1.94 2.07 2.14 2.26 1.92
U 1.52 1.76 1.93 2.06 2.20 2.23 1.95
U+Ag500m 1.52 1.67 1.90 2.06 2.23 2.25 1.94
UAN 1.40 1.58 1.76 1.92 2.15 2.24 1.84
UAN+Ag500 1.41 1.61 1.84 2.03 2.07 2.22 1.86
sed 0.067 0.027
df 59 59
mean 147 | 165 | 187 | 203 | 216 | 224
sed (59 df) 0.030
cv% 4.3
Crop N
offtake
(kg/ha)
Control 472
AN 73.2 114.9 155.8 177.7 196.6 197.4 152.6
U 67.7 119.3 153.0 173.9 198.0 197.3 151.5
U+Ag500m 73.9 111.2 152.7 174.3 196.7 204.5 152.2
UAN 60.0 96.7 122.3 150.2 179.5 196.2 134.2
UAN+Ag500 65.2 102.7 141.9 168.7 165.2 191.1 139.1
sed 8.61 3.52
df 59 59
mean 680 | 1089 | 1451 | 169.0 | 187.2 | 197.3
sed (59 df) 3.85

cv%

7.4
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Apparent
recovery (%)
of applied N
Control
AN 65.1 67.7 66.9 59.4 53.4 44.2 59.4
U 51.3 72.2 66.1 57.6 53.9 44.2 57.5
U+Ag500m 66.9 64.0 65.9 57.8 53.4 46.3 59.1
UAN 32.1 49.5 47.0 46.8 47.3 43.9 44 4
UAN+Ag500 45.1 55.5 59.2 55.3 42.2 42.3 49.9
sed 7.41 3.02
df 57 57
mean 521 | 61.8 610 | 554 | 50.0 44.2
sed (60 df) 3.31
cv% 16.8
where apparent recovery = (Nofftakenieve-Nofftakenin)/Nlevel*100
12

< 10 =T

s :

c 8 A

Q ‘

® 2o’ —e—AN

-] 6 !/

% f -—a-U

> 4 ---A--- U+Ag500m

I —-x-—UAN

o 2

— %= - UAN+Ag500
0 ‘ ‘ ‘
0 100 200 300 400
Total N (kg/ha)

NT2605_4061_FRP

Effect of applied N on grain yield at harvest

107



NT2605 Final report: WP1a Crop Responses

Modelled Yields

i) Individual models fitted for each N material

Ammonium Nitrate

Ratio Nopt Yopt % N at
(kg/ha) | (t/ha) Nopt
3:1 259 10.51 2.16
4:1 251 10.48 2.14
5:1 243 10.45 213
6:1 235 10.41 2.1
71 228 10.36 2.10

Parameters of fitted LEXP model

R 0.995983

A 25.3546

B -21.67

C -0.0278

%variance accounted for 97.0

Urea

Ratio Nopt Yopt % N at
(kg/ha) (t/ha) Nopt

3:1 272 10.47 217

4:1 264 10.45 2.16

5:1 256 10.41 2.15

6:1 249 10.37 214

7:1 241 10.32 2.13

Parameters of fitted LEXP model

R 0.99716
A 37.1159
B -33.55
C -0.041
%variance accounted for 95.3
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Urea+Agrotain 500mg/kg melt (U+Ag500m)

Ratio Nopt Yopt % N at
(kg/ha) | (t/ha) Nopt 12 . -
3:1 308 10.57 2.24 10
4:1 292 10.51 2.22 g‘ . - -
5:1 276 10.45 2.20 s 8
6:1 262 10.37 | 2.17 g
7:1 250 10.30 | 2.15 s 6
g 4 — LEXPfit
Parameters fitted to LEXP model E ¥ m  Plot yields
R 0.993327 o 2
A 13.4601
0 ‘ ‘ ‘
g _ggggg 0 100 200 300 400
%variance accounted for 96.1 UrAgS00m (kglha)
Liquid UAN (UAN)
Ratio Nopt Yopt % N at 12
(kg/ha) | (t/ha) Nopt
3.1 >max * * 10 -
4:1 >max * * - - : L]
5.1 >max * * g 8 -
6.1 336 | 1027 | 224 B . /'/
7:1 314 10.13 | 2.21 o
2 . n —  LEXPfit
Parameters fitted to LEXP model £ ¥ ® Potyields
R 0.994976 o 2
A 12.8068 .
g 'g;g;g 100 200 300 400
e UAN (kg/h
%variance accounted for 96.0 (kafha)
Liquid UAN (UAN+Ag500)
Ratio Nopt Yopt % N at 12
(kg/ha) (t/ha) Nopt i
3:1 275 9.88 2.13 = 10 5
4:1 263 9.84 2.1 s - =
5:1 251 9.78 2.09 z 8
6:1 240 972 | 207 2 6 -
71 230 | 966 | 205 3 /_’ _
: v —  LEXPfit
Parameters fitted to LEXP model E = Potyields
R 0.994142 ° 2
A 14.962 o
g -1 (1)2?3:13 100 200 300 400
i UAN+Ag500 (kg/ha)
%variance accounted for 93.0
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Appendix 3. Other economic optimum N rates (Nopt)
Ist cut silage - Nopt (kg/ha N at 7.5:1 ratio)
Site RB209 AN 1] U+Ag500c | U+Ag1000c | U+Ag500m | U+Ag250m UAS (se)
N rate (se) (se) (se) (se) (se) (se)
2004
Rowden 120 171 138 139 142 >240
(63.2) | (19.6) (28.3) (27.2)
Crichton 120 145 206 151 >240 128 (22.4)
(41.4) | (100) (42.1)
2005
De Bathe 120 >240 >240 >240 219 >240
(84.0)
Rowden 120 160 174 133 >240 >240
(69.5) | (>174 (34.9)
)
High Mowthorpe 120 154 176 165 137 145
(25.0) | (153) (>165) (8.4) (10.9)
Overall mean 2 120 174 187

a Where Nopt is >240kg/ha (Nmax), then the Nopt is assumed to be 240kg/ha. This will result in a lower mean value than

would be found if the real Nopt (above Nmax) could have been determined.

Winter cereals - Nopt (kg/ha N at 3:1 ratio)

Site RB209 AN U U+Ag1000c | U+Ag500m UAN UAN+Ag1000 UAN+Ag500
N rate (se) (se) (se) (se) (se) (se) (se)
2004
Rothamsted 160 182 156 166 No data No data
(24.9) | (32.5) (24.4)
Rosemaund 100 160 168 184 >340 251
(23.5) | (30.9) (23.1) (58.2)
High 240 243 260 241 >340 >340
Mowthorpe (31.0) | (35.6) (12.7)
Terrington 150 154 >340 202 284 >340
(21.5) (22.6) (113.9)
Boxworth 180 226 246 262 229 226
(128) (24.0) (58.6) (22.3) (>226)
2005
Rothamsted 160 >340 >340 247 275 276
(92.2) (36.2) (>276)
Gleadthorpe 160 142 112 122 140 152
(24.4) | (23.5) (21.4) (25.5) (21.2)
SAC Bush 220 267 307 337 280 >340
(50) (152) (200) (108)
Boxworth 150 94 117 189 156 150
(64.5) | (80.5) (>189) (68.8) (52)
Terrington 180 259 272 308 >340 275
(19.1) | (44.9) (86.8) (562.7)
Overall mean @ 170 207 232

a  Where Nopt is >340kg/ha (Nmax), then the Nopt is assumed to be 340kg/ha. This will result in a lower mean value than

would be found if the real Nopt (above Nmax) could have been determined.
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