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Abstract

The influence of sward botanical composition and ley age on grassland residual effects,
quality of spring wheat and subsequent nitrate leaching was investigated. Grazed grasslands
of different age (1, 2 and 8 production years) and composition (unfertilised grass-clover and
fertilised perennial ryegrass) were ploughed and followed by spring wheat and spring barley.
For reference, an adjacent field without grassland history but with the same crop sequence in
2002-2003 was treated with increasing quantities of N fertiliser. Yields and N uptake of
spring wheat following grasslands always exceeded those of the reference plots with a history
of cereal production. The nitrogen fertiliser replacement values of grass-clover and ryegrass
were 59-100 and 72-121 kg ha™, respectively, with the highest values representing the 8-year-
old leys. Grain yield and N uptake increased while those for straw decreased with increasing
ley age. There were no effects of previous grassland type (grass-clover/fryegrass) on content of
protein, starch and gluten, but grassland age significantly influenced protein (P<0.05) and
gluten (P<0.01) contents. It is suggested that N mineralisation following the ploughing of
older grass leys occurred later than when following the 1% year ley. The protein and gluten
contents of wheat following unfertilised grass-clover corresponded to those following cereals
given 125-150 kg N ha™', but the rheological properties of the gluten were different to what
could be achieved using equivalent quantities of mineral fertiliser. Probably, the slow release
of N from decomposition of old grassland gave a better synchrony between N release and
plant demand. Nitrate leaching in year 1 after ploughing was significantly influenced by type
of grassland (P<0.001) with 10 and 29 kg N ha™ leached from grass-clover and ryegrass,
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respectively. Nitrate leaching following ploughing of 1-year-old leys averaged 11 kg N ha™
which was significantly lower than the 24 kg N ha™ following 2 or 8-year-old leys. The flow-
weighted mean nitrate concentration decreased from 8.5 mg N I'' in year 1 after grassland
cultivation to 4.5 mg N 1" in year 2. More N was released following ploughing of ryegrass
swards and from grasslands of increasing age, but differences were moderate compared to the
estimated N-surplus. This indicates that when organic matter in grasslands is partially
decomposed and readily mineralisable N used, the remaining organic N is released only very

slowly.

Keywords: Bread-making quality; Grassland cultivation; Grass-clover; Nitrate leaching;

Residual effect; Ryegrass

1. Introduction

Grazed grasslands accumulate N as most of the N-intake by ruminants is excreted and
thus recycled to the field during grazing (Whitehead, 1995). Mineralisation rates in grasslands
also tend to be low compared to arable crops where tillage operations disturb and expose soil
organic matter to rapid oxidation (Dao, 1998; Eriksen and Jensen, 2001). The extent of N
build-up in grasslands depends on fertilisation regime, livestock feeding practices, stocking
density, time of grazing, the botanical composition (Cuttle and Scholefield, 1995) and sward
age (Johnston et al., 1994). As a consequence, the ley/arable crop rotation carries a high risk
of nitrate leaching especially during the period following ploughing of grasslands when there
is a rapid mineralisation of N, often exceeding the requirement of the succeeding crop
(Francis, 1995). To avoid the adverse environmental impact of nitrate leaching (Addiscott et
al. 1991) it is of utmost importance to utilise the N from grasslands as efficiently as possible.

It has been shown that good management practices following grassland cultivation may
control nitrate losses. This includes delaying ploughing until late winter or spring (Francis et
al., 1992; Djurhuus and Olsen, 1997), the use of efficient catch crops after ploughing (Francis,
1995) and a reduction in fertiliser N application to cereals after ploughing (Eriksen, 2001;
Nevens and Reheul, 2002 ; Vinten et al., 2002). The release of substantial quantities of N from
grass-clover residues means that fertiliser-N application to subsequent cereals can be reduced
or even eliminated in the first following crop (Watson et al., 2005). However, in order to

reduce N fertiliser input to cereals following grass without losing biomass, it is necessary to



O 0 9 O N kA WD -

W W W NN NN N N N N N N e e e e e e e
N = O O 03N R WD = O 0NN Y R W N = O

determine more precisely what controls the quantity of N released following ploughing. This
is especially relevant for crops like bread wheat that depends on nitrogen availability for
optimal baking quality.

It is well known that baking quality of wheat is related to the quantity and quality of the
gluten protein in the wheat grain. The glutenins and gliadins, which are the main components
of the gluten proteins, both have a great impact on the dough properties and the form and
volume of the loaf. (Gupta et al, 1992; Magnus et al, 2000; Vereijken et al., 2000).
Differences in gluten composition are related to the genetic background and also to
environmental factors such as N availability (Luo et al., 2000; Peltonen and Wirtanen, 1994;
Wooding et al., 2000) and N application have been shown to increase the gliadin content
(Daniel and Triboi, 2000; Johannson et al., 2001 ; Tronsmo et al., 2003).

The objectives of this study were to determine grassland residual effects, quality of
spring wheat and the effect of botanical composition (grass clover/ryegrass) and ley age (1, 2

and 8 years) on nitrate leaching.

2. Materials and M ethods

2.1. Field experiment

The experiment was located at the Burrehojvej experimental field at Research Centre
Foulum in the central part of Jutland (9°34°E, 56°29°N). The soil is classified as a Typic
Hapludult with 8% clay, 29% silt, 57% sand and 3.6% C. More soil properties are given in
Eriksen (2001). In 2001 the experimental plots represented three grazed grasslands of
different ages (1, 2 and 8 production years) (Fig. 1) and two different pre-crops: unfertilised
grass-clover (perennial ryegrass [Lolium perenne L.]/white clover [Trifolium repens L.]) and
fertilised perennial ryegrass (300 kg N'ha™ yr'"). The swards were arranged in a block design
with four replicates (Fig. 1). These plots, that were 576 m® each, and the surrounding
grassland were grazed by a herd of dairy cows to maintain a grass height of approx. 6 cm.

In late March 2002 all plots were rotovated to 6-8 cm depth and ploughed 11 days later
to 20-22 cm. The crop sequence following ploughing of the swards was spring wheat and

spring barley in 2002 and 2003, respectively, both years with perennial ryegrass undersown as
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a catch crop (8 kg seed ha™). In the spring of 2003 catch crops were incorporated in the same
way as the original swards.

Fertiliser was applied to three subplots (12x12 m) within each grassland plot. Fertiliser
treatments were 0, 115 or 230 kg total-N ha™ in cattle slurry (c. 55% NH,-N) using trailing
hose application prior to ploughing and sowing of the cereals. To estimate pre-crop effects,
triplicate plots (3x12 m) with no grassland but a cereal pre-crop history were set up as
reference in an adjacent field. The same crop sequence as main plots was followed in 2002-
2003 and the plots were treated with increasing quantities of N fertiliser (0, 25, 50, 75, 100,
125 and 150 kg N ha™ as calcium ammonium nitrate) and with 32 kg P and 168 kg Kha™in a
PK-fertiliser. Apart from the fertiliser used in the reference area, organic farming practices

(no mineral fertiliser and pesticides) were adopted for the cereal crops.

2.2. Plant and soil samp ling

Immediately before the start of soil tillage operations, roots and tops of each sward type
were sampled. In each sward 16 soil cores (52 mm diameter) were taken to a depth of 20 cm
for determination of root biomass (Eriksen and Jensen, 2001). For determination of
corresponding aboveground biomass, grass tops were sampled in two 0.25 m? areas in each
plot by cutting at the soil surface. Dry matter, C and N contents were determined in all root
and top samples. The procedure was repeated in the unfertilised plots in spring 2003 before
incorporation of the ryegrass catch crop. Only unfertilised plots were used in 2003 to
estimated the residual effect unbiased by fertiliser application.

In late August 2002, all spring wheat plots were harvested in an area measuring 6x6 m
using a plot combine. In mid July 2003 barley was harvested as a wholecrop. In the adjacent
field without grassland history an area of 1.5x10 m was used for harvesting. Sub-samples

were taken for determination of DM and N content.

2.3. Determination of bread-making quality

Grain samples from each plot were analysed for dry matter, protein and starch content

(Ww/w %) in the laboratory using a near infrared spectroscopy analyser (Foss Tecator, Infratec
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1241). The near-infrared spectroscopy analyser was calibrated and linked to the Danish NIT
network (Buchmann et al., 2001).

Baking quality was characterised for spring wheat following cereals and grass-clover.
Plots from cereals were analysed separately (three replicates), whereas plots from grass-clover
were mixed. This resulted in two replicates of each grass age, and six replicates of each
fertiliser treatment.

Grain samples were stored for four months before milling using a Brabender Quadromat
Junior® mill. Glutens were isolated from the flour in an automated gluten washer (Glutomatic
2100, Perten Instrument) according to ICC (1996). Gluten content was determined as % w/w
of flour. Flour protein was determined as Nx5.7 (Dumas). Gluten washing was done in
duplicate. After isolation, the glutens were loaded into a controlled stress rheometer (Bohlin,
CVO0), and rested for 5 min before measurements were started. Parallel plate geometry with a
diameter of 25 mm and a gap of 2 mm was used for the rheological characterisation, which
included creep recovery and oscillation measurements. The parameters from creep recovery
were maximum strain after 5 min of creep (creep), recovery strain after 5 min of recovery
(recovery), and the relative recovery (% recovery). From oscillation measurements storage
modulus (G"), loss modulus (G"), and phase angle (3, tanG"/G') at 1 Hz and 0.01 Hz were
used to characterise the elastic and viscous properties of glutens. Rheological measurements
were repeated twice.

Bread-making quality was determined using a small-scale baking test. The dough was
prepared from 100 g flour, 1.67 g sugar, 1.67 g salt, 4.44 g shortening, and 5.55 g pressed
yeast by mixing at 126 rpm in a Farinograph bowl. Water at 30 °C was added during the first
two minutes of mixing together with 6 mL 1% (w/w) ascorbic acid solution, and the mixing
time was 7 min. After mixing 150 g of dough was moulded on the Extensograph, and the loaf
was placed in a proving cabinet at 38 °C and 80 % RH. After 45 min of proving the loaf was
baked at 210 °C for 19 min. Baking tests were done on three samples from each N-application
including three grass ages. Loaf volume was determined by displacement of rapeseeds, and

this result used as the indicator of bread-making quality (Tronsmo et al., 2003).

2.4. Nitrate leaching



O 0 9 O N kA WD -

W W NN NN N N N N N N e e e e e e e
—_ O O 0 9 N PR WD = O O NN SN R WD = O

Before the start of the experiment, three ceramic suction cups were installed in each of the
subplots at a depth of 1 m and 2 m apart. Every two weeks a suction of approximately 80 kPa
was applied three days prior to sampling. The samples were analysed separately or bulked
with equal sample volumes from each of the three cups per subplot before analysis of nitrate
concentrations by the method of Best (1975). The nitrate determination also included nitrite,
which was assumed to be negligible.

The water balance was calculated using the model Evacrop (Olesen and Heidmann, 1990)
for which inputs were daily meteorological measurements (precipitation, temperature and
evaporation) and crop type, time of sowing and soil physical parameters. Nitrate leaching was
estimated using the trapezoidal rule (Lord and Shepherd, 1993), assuming that nitrate
concentrations in the extracted soil water represented average flux concentrations. The

accumulated leaching was calculated from the beginning of April to the end of March.

2.5 Data analysis

Dry matter yields and annual nitrate leaching were analysed as a split-split-plot
experiment with sward type as main plot factor, cropping sequence as subplot factor and
fertiliser application as sub-subplot factor using the MIXED procedure of the SAS statistical
package. The analysis of nitrate leaching was made on log-transformed data to obtain
homo geneity of variance, butresults in figures are presented as arithmetic means with S.E.

Principal component analysis (PCA) and partial least squares regression (PLSR) were
carried out using Unscrambler (version 7.8, CAMO, Norway). With PCA it is possible to
study the variability among several variables, which are projected down on a few latent
variables - the principal components (PCs). In PLSR the PLS factors are estimated to describe
the covariance between a set of x-variables and y-variables. In the present work PCA was
performed to study the variability in the quality characteristics and the samples, which are
represented by the loading plot and the score plot, respectively. PLSR was used to study the
relationships between protein and gluten content, rheological characteristics and the loaf

volume.
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3. Results and Discussion
3.1. Incorporated plant residues

The different aged swards were incorporated in spring 2002 and the ryegrass catch crop
the following spring. Isolation of plant material in spring is difficult and especially sampling
of roots was subject to great uncertainty with coefficients of variation of up to 47% (Table 1).
In 2002 both DM and N contents increased with increasing sward age (P<0.05). There was no
difference in DM content in ryegrass and grass-clover swards but the N content was
significantly higher in ryegrass (P<0.05). The quantities of plant residues were higher than
found in some studies (e.g. Hauggaard-Nielsen et al, 1998; Hogh-Jensen and Schjoerring,
1997), which may be due to a higher age and more intensive use of the present pastures, but
also soil type may be of importance as similar quantities were found by Eriksen (2001) on this
soil. In 2003 there were no longer any effects of the different prior uses on the catch crop
plant materials. The undersown catch crop was well established with good ground cover in
the autumn. However, the DM and N levels in the catch crops were much lower than in the
previous grasslands. On average 181 kg N ha™! was found in the grassland swards compared
with only 78 kg in the catch crop (the cereal reference not included). These changes were
mainly caused by root DM decreasing much more dramatically than top DM. At the initial
ploughing, the root-to-top ratio was on average 13 compared with only 3.1 in the following

year.

3.2. Yield and residual effect

The residual effect of grasslands may be estimated from plant production in unfertilised
plots (Fig. 2). Yields and N uptake of spring wheat following grasslands always far exceeded
those in the reference plots with a history of cereal production. Thus, N uptake in unfertilised
plots following grassland was 46-70 kg ha™ higher than in plots following cereals. Grain yield
and N uptake were significantly higher following ryegrass (P<0.05 and <0.01, respectively)
than following grass-clover. Both straw and grain yields and N uptakes were affected by ley
age at the time of ploughing (P<0.01 and <0.001, respectively) but in opposite directions.

Grain yield and N uptake increased while those for straw decreased with increasing ley age.
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Differences were especially marked between 1- and 8-year-old leys. As an average of
ryegrass and grass-clover, the N uptake in grain increased from 84 to 99 kg ha™ and N uptake
in straw decreased from 55 to 41 kg ha™' without significant effects on total N uptake. These
differences in plant N partitioning indicate differences in the timing of N mineralisation as
late application of N to spring wheat has been shown to increase the N content in grain
(Petersen, 2004). From these findings it may be suggested that N mineralisation following the
ploughing of older grass leys occurred later and in better synchrony with crop demand than
with 1% year leys.

The nitrogen fertiliser replacement value (NFRV) of grasslands may be estimated from
the yield response curve for mineral fertiliser application to spring wheat following a cereal
cropping history (Fig. 3). On a grain yield basis, NFRV of grass-clover was 59-100 kg ha™,
with the highest value representing the 8-year-old ley, and NFRV of ryegrass was 72-121 kg
ha™, similarly with the highest value following 8-year-old leys.

The considerable residual effect of grasslands is further emphasised by the lack of
significant spring wheat grain yield response to fertiliser application following grassland
ploughing (Fig. 3). Higher yields following 8-year-old leys compared with 1 and 2-year-old
leys irrespective of fertiliser application were probably caused by the non-nitrogen effects of
older grasslands such as improved soil structure and better resistance to fungal diseases. In
year two following grassland ploughing both yield and N uptake responded significantly to
fertiliser application (P<0.001).

3.3 Baking quality

Grain samples following grass-clover and cereals were analysed for content of protein,
starch and gluten using near infrared transmittance spectroscopy (Fig. 4). There were no
effects of previous grassland type (grass-clover/ryegrass), but grassland age significantly
influenced protein (P<0.05) and gluten (P<0.01) contents. The percentage of protein and
gluten was higher following 8-year-old leys than one-year-old leys. All parameters (protein,
starch and gluten) were strongly affected by fertiliser application (P<0.001). Protein and
gluten contents increased and starch content decreased with increasing application rates.

Variability in the composition of the gluten proteins will be reflected in the rheological

properties of the gluten network. Rheological measurements at low shear strains are non-
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destructive, and thus provide information of the viscoelastic properties of the glutens in terms
of stress and strain. The methods can be transient as creep recovery, thus providing
information of long-time behaviour of the dough, or dynamic as oscillation, which imply
stress in a sine wave at different frequencies. These methods have been used extensively to
study gluten rheological properties in relation to wheat cultivar and protein composition
(Khatkar et al., 1995; Janssen et al., 1996; Edwards and Dexter, 1999; Tronsmo et al., 2003).
These studies showed that fundamental testing can differentiate the glutens from flours of
different bread-making qualities. Furthermore, there was a significant influence of N fertiliser
level on the viscoelastic characteristics in the work of Tronsmo et al. (2003).

Baking quality was evaluated using principal component analysis (PCA) of the protein
and gluten contents of wheat following grass-clover and cereal, the rheological characteristics
of gluten, the water absorption of the dough, and the loaf volume. In the PCA shown in figure
5 PC1 and PC2 explained 86% of the variability in the characteristics. The loading plot in
Figure 5 (B) shows that PC1 mainly describes the variability in the gluten rheological
characteristics (creep, recovery, G' and G"). The variability in protein, gluten, water
absorption and calculated rheological characteristics (delta and % recovery) were associated
with the second PC. The loading plot shows some distinction between the rheological
variables, in particular between & at 1 Hz (deltal) and & at 0.01 Hz (delta 0.01). Protein and
gluten content, and water absorption were the characteristics most strongly related to loaf
volume, whereas the rheological characteristics showed weaker correlations. However, the
deltal value was close to that of loaf volume, which indicates that high protein and gluten
contents are reflected in higher & values at 1 Hz (deltal). This agreed well with results of
Tronsmo et al. (2003), who also found that increasing N-fertilisation results in glutens that are
more viscous and less elastic. Regarding protein composition, earlier findings demonstrate an
increase in the ratio of gliadins to glutenins with increasing N-fertilisation (Daniel and Triboi,
2000; Tronsmo et al., 2003), which increases the viscous properties of the glutens (Khatkar et
al., 1995).

The scores plot in Figure 5 (A) shows that samples were widely distributed in the four
quadrants of the scores plot, due to the variability in rheological characteristics, protein and
gluten contents, and loaf volume. Some variability was observed i samples receiving
identical fertiliser treatments, in particular in samples following cereals (cer), and samples

following grass-clover (clo0 and clo115). For samples from mineral fertilised cereals (cer) the
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variability may be explained by the low gluten content. This makes the washing of gluten
more complicated, which results in higher variability in the following rheological
measurements. For samples following grass clover (clo), the variability could be explained by
the influence of ley age. Along the PCl axis there was no distinction between mineral
fertilised cereal and grassland precrops (cer and clo). However, along the PC2 axis samples
from mineral fertilised cereals (cer) have low scores, whereas ploughed grasslands (clo) have
higher scores. Increasing N-applications are reflected in higher scores for PC2, mainly for
samples following cereals (cer). Scores for mineral fertilised cereals with N-applications of
125 and 150 kg N ha™ (cer125 and cer150) were close to those of grassland receiving 0 and
115 kg Nha™ in cattle slurry (clo0 and clo115). Therefore, the quality characteristics of wheat
following an unfertilised grass-clover pre-crop corresponded to the quality obtained from the
mineral fertilised wheat following cereals receiving 125-150kg Nha.

The PLSR of the loaf volume as y-variable showed that protein, gluten and water
absorption were the major variables predicting loaf volume. With these three x-variables the
validation variance of loaf volume was 74%, and the correlation coefficient between
measured and predicted was r=0.81. Using only rheological characteristics of gluten as x-
variables, 55% of the variation in loaf volume could be predicted with r=0.68 %. This agrees
well with Tronsmo et al. (2003), who found validation variance of 58% for loaf volume and
r=0.72. The most important rheological characteristics in the PLSR model were deltal and %
recovery. Including these variables to gether with protein, gliten and water absorption resulted
in a slightly higher validation variance of 75% and r=0.83 between predicted and measured
loaf volume. This small increase in validation variation and correlations using rheological
characteristics and protein and gluten reflects a low covariance between protein and gluten
content and the rheological parameters.

A more detailed analysis of the results from the grass-clover showed that increased
protein and gluten contents due to slurry application had no effect on loaf volume following 1
and 2-year-old leys, whereas a significant increase (P<0.001) was shown after 8-year-old leys
(Fig. 6). This corresponds with the results from the PLSR where protein and gluten explained
only 32% of the variability in loaf volume in grass-clover samples. The same results were
obtained with rheological characteristics as x-variables. However, when protein, gluten, water
absorption and rheological characteristics were included, the validation variance increased to

59%. This could be further improved to 78% (r=0.74) when ley age was also included in the

10
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model. Results from this PLSR are shown in Figure 7. The loadings plot (Fig. 7B) shows that
protein, gluten and age are positively correlated to loaf volume, whereas the moduli (G* and
G’’) are negatively correlated. These X-variables were also found to be significant in PLSR
model. This indicates that besides the increase in protein and gluten contents with slurry
application, a change in gluten rheological properties also takes place. This variability in
rheological properties had a significant influence on loaf volume. The increase in bread
volume for 8-year-old leys agreed with the previously mentioned suggestion, that N
mineralisation occurred later in the 8-year leys, and this may have an influence on the protein

composition of the grain.

3.4 Nitrate leaching

Rainfall in both hydrological years (April to March) from 2002 to 2004 was just over 600
mm, which is well below the annual mean of 770 mm at this site. The drainage to below the
root zone (1 m) was 234 and 290 mm in 2002-3 and 2003-4, respectively, and the
corresponding nitrate leaching was 20 and 13 kg N ha™' (Fig. 8). Thus, the annual flow-
weighted mean nitrate concentration (nitrate leaching per volume drainage) decreased from
8.5 mg N I in year 1 after grassland cultivation to 4.5 mg N I"' in year 2. Nitrate leaching in
year 1 after ploughing was significantly influenced by type of grassland (P<0.001) with 10
and 29 kg Nha leached from grass-clover and ryegrass, respectively.

Nitrate leaching following ploughing of 1-year-old leys averaged 11 kg N ha™', which
was significantly lower than the 24 kg N ha™ following 2 or 8-year-old leys. This pattern was
also evident in year 2 following ploughing with values of 9 and 16 kg N ha™ leached
following 1-year-old ley and 2 or 8-year-old leys, respectively. Although there was a
tendency for fertiliser application to increase leaching, this was not significant, which may
seem surprising considering the lack of yield response to fertiliser application. However, in
year 2 there was a clear effect of fertiliser (P<0.001), which may, at least partly, be caused by
the cumulative effect of annual fertiliser application to the same plots. Considering that
grassland cultivation is the potentially most leaky place in the crop rotation, nitrate losses
were low in this study. This was probably only possible because of an efficient catch crop

(Sherpherd and Lord, 1996).
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It was striking that the EU Drinking Water Directive upper limit of 50 mg nitrate per
litre was on average not exceeded in year 1 after grassland cultivation in any of the plots
where grass-clover was ploughed out, but was exceeded in all plots where ryegrass had been
grazed for more than 1 year (Fig. 8). In the 2™ winter (2003-4) the 50 mg nitrate per litre was
on average not exceeded in any instance (Fig. 8), although nitrate leaching following grazed

ryegrass was higher than following grazed grass-clover.
3.5. General discussion

The huge residual effect of grasslands compared with the reference area previously
cropped with cereals indicates a substantial N accumulation in the ley fields, of which a large
proportion was released in the first year after ploughing. Others have found that the residual N
effect of grassland decreased rapidly during the three years after ploughing up the grassland
(Nevens and Reheul, 2002; Eriksen, 2001). However, the residual effect was also
considerable in the second year following grassland ploughing, probably caused by a
combination of efficient catch crops and low winter rainfall between the years.

The N-release from grasslands considerably increased yields and - to en even greater
extent - the baking quality of the spring wheat. With grass-clover residual effect as the sole
source of N, the wheat flour contained 12.0% protein and 23.5% gluten, which are values that
confer good bread-making qualities. Application of N in slurry increased the protein, gluten
and total protein accumulation. However, the application of slurry had almost no effect on the
loaf volume. The quality of the spring wheat supplied with mineral fertiliser varied widely
from 9.5 to 12.8% protein and 12.4 to 27.4% gluten. Protein and gluten in wheat following
cereals with 125 kg mineral N ha™! application corresponded to the values following grass-
clover with no addition of N (12.0% protein and 23.5% gluten). The grain yield for 125 kg
mineral N ha” was slightly higher compared with the grass-clover with no fertiliser
application. However, the rheological properties of gluten from these two treatments differed
considerably. Gluten in wheat following grass-clover had a higher extensibility and recovery
measured by creep recovery and was more viscous (lower G' and higher ), and the loaf
volume at 420 mL was slightly higher than the 390 mL following cereals with 125 kg mineral
N ha™. The results from this experiment indicate that the gluten properties and the loaf

volume seem to be affected by the N source.
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The quantity of N accumulated during the ley phase of the cropping system depends on
the equilibrium between inputs and the soil organic N pool, which in turn depends on the age
of the ley and the botanical composition. In a system without grazing, Johnston et al. (1994)
found that N accumulation reached a maximum in third-year grass-clover. When maximum
accumulation has been reached, excess N inputs are likely to be lost. Thus, Ledgard et al.
(1999) found the measured N surplus of permanent pastures to be equal to the combined
losses by nitrate leaching, ammonia volatilisation and denitrification. Similarly, Scholefield et
al. (1993) found that nitrate leaching losses were 50% lower in reseeded pasture compared
with permanent pasture. In this study the accumulated differences in N surplus were
considerable for the different types of leys and for different ages. Eriksen et al. (2004)
estimated the N surplus (fixation/mineral N input + animal excreta — herbage output) of the
grass-clover and grass leys to be c. 50 and 240 kg N ha™ yr'l, respectively, in production years
5-8. The lower accumulation in grass-clover is explained by a reduction in Nj-fixation in
grass-clover over time and a reduction in dry matter production in grass-clover over time,
lowering the grazing mtensity and the recycling of grassland N via animal excreta. Under
similar conditions and for the same soil type Hansen et al. (2005) estimated the N surplus of
1 and 2™ year grazed grass-clover to be 122 and 245 kg N ha™ yr'l. On the basis of the
expected, large differences in N surplus and N accumulation in the different grasslands, larger
differences in N-release might have been expected. However, the total N output in crop
uptake and nitrate leaching (Fig. 9) was only marginally affected by these differences. In the
two years following ploughing of grass-clover the N output in unfertilised plots was 250-260
kg N ha™ independent of grassland age and for the grass only ley the total output was 271-306
kg N ha™, increasing with age. Similar results have been found by Hansen et al. (2005), who
suggested that the inconsistency between accumulated N and residual effect indicates that
organic N is more easily mineralised the more recently it has been formed. The present results
furthermore suggest that the N accumulated in older grasslands is released more slowly
following ploughing. This was indicated by the plant N partitioning (see above) and the larger
proportion of N output being in the form of nitrate leaching following the ploughing of older

grasslands compared with short-term grass leys.

4. Conclusion
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More N was released following ploughing of ryegrass swards due to more intensive use
(Eriksen et al.,, 2004) and more N was also released from grassland of increasing age as
evidenced by plant residue N at incorporation of the swards, N fertiliser replacement value
following incorporation and nitrate leaching the following winter. However, these differences
were moderate compared to the considerable differences in N surplus that may be estimated
for grasslands of different age and use. Thus, the results indicate that when accumulated
organic matter is partially decomposed and the readily mineralisable N used, the remaining
organic N is released only very slowly. This will in turn lead to more nitrate leaching even
when good management is practised as in this experiment (spring ploughing, catch crops and
reduced fertiliser input). The low nitrate leaching following ploughing of the less intensively
used grass-clover swards indicates that the self-regulatory nature of the grass-legume
association offers an opportunity for increasing nutrient use efficiencies in mixed farming
systems.

Irrespective of composition, the leys gave rise to production of good quality bread wheat
especially following longer-term swards. Besides satisfactory contents of protein and gluten,
the rheological properties of the gluten following grass-clover were different from gluten
achieved using equivalent quantities of mineral fertiliser. The variability in rheological
properties between mineral fertilised wheat and grass-clover wheat indicates that the farming
system has a considerably effect on the functional quality of the wheat and on the loaf quality.
The slow release of N from decomposition of old grassland probably gave a better synchrony

between Nrelease and plant demand.

References

Addiscott, T.M., Whitmore, A.P., Powlson, D.S., 1991. Farming, Fertilizers and the Nitrate
Problem. Wallingford, Oxon, UK. CAB International.

Best, EK., 1975. An automated method for determining nitrate-nitrogen in soil extracts.
Queensland Department of Primary Industries. Bulletin no. 739.

Buchmann, N.B., Josefsson, H., Cowe, [.A. 2001. Performance of European artificial neural
network (ANN) calibrations for moisture and protein in cereals using the Danish near-
infrared transmission (NIT) network. Cereal Chem. 78, 572-577.

Cuttle, S.P., Scholefield, D., 1995. Management options to limit nitrate leaching from
grassland. Journal of Contaminant Hydrology 20, 299-312.

14



O 0 9 O N kA WD -

W W W NN NN N N N N N N e e e e e e e
N I N e e D “ ) V. e - VS B S =R N-Re N e SV, R N VS B S =]

Daniel, C., Triboi, E., 2000. Effects of temperature and nitrogen nutrition on the grain
composition of winter wheat: Effects on gliadin content and composition. J. Cereal Sci.
32, 45-56.

Dao, T.H., 1998. Tillage and crop residue effects on carbon dioxide evolution and carbon
storage in a Paleustoll. Soil Sci. Soc. Am. J. 62, 250-256

Djurhuus, J., Olsen, P., 1997. Nitrate leaching after cut grass/clover leys as affected by time
of ploughing. Soil Use Manage. 13, 61-67.

Edwards, N.M., Dexter, J.E., 1999. Relationship of creep-recovery and dynamic oscillatory
measurements to durum wheat physical dough properties. Cereal Chem. 76, 638-645.

Eriksen, J., 2001. Nitrate leaching and growth of cereal crops following cultivation of
conftrasting temporary grasslands. J. Agric. Sci.,, Camb. 136, 271-281.

Eriksen, J., Jensen, L.S., 2001. Soil respiration, nitrogen mineralisation and uptake in barley
following cultivation of grazed grasslands. Biol. Fertil. Soils 33, 139-145.

Eriksen J., Vinther F.P., Sgegaard, K. 2004. Nitrate leaching and N»-fixation in grasslands of
different composition, age and management. J. Agric. Sci. 142 , 141-151.

Francis, G.S., 1995. Management practices for minimising nitrate leaching after ploughing
temporary leguminous pastures in Canterbury, New Zealand. Journal of Contaminant
Hydrology 20, 313-327.

Francis, G.S., Haynes, R.J., Sparling, G.P., Ross, D.J., Williams, P.H., 1992. Nitrogen
mineralization, nitrate leaching and crop growth following cultivation of a temporary
leguminous pasture in autumn and winter. Fert. Res. 33, 59-70.

Gupta, R. B, Batey, 1. L., McRitchie, F. 1992. Relationship between protein composition and
functional properties of wheat flours. Cereal Chem. 69, 125-131.

Hansen, J.P., Eriksen, J., Jensen, L.S., 2005. Residual nitrogen effect of a dairy crop rotation
as influenced by grass-clover ley management, manure type and age. Soil Use Manage.
21, 278-286.

Hauggaard-Nielsen, H., de Neergaard, A., Jensen, L.S., Hogh-Jensen, H., Magid, J., 1998. A
field study of nitrogen dynamics and spring barley growth as affected by the quality of
incorporated residues from white clover and ryegrass. Plant Soil 203, 91-101

Hogh-Jensen, H., Schjoerring, J.K., 1997. Residual nitrogen effect of clover ryegrass swards
on yield and N-uptake of a subsequent winter wheat crop as studied by use of 15N
methodology and mathematical modelling. Eur. J. Agron. 6, 235-243.

15



O 0 9 O N kA WD -

W W W NN NN N N N N N N e e e e e e e e
N I N e e L “ ) V. e - VS B S =N -Re N o) SV, e N VS B S =]

ICC, 1996. Standard Methods of the International Association for Cereal Science and
Technology, ICC, Vienna, Austria.

Janssen, A. M., van Vliet, T., Vereijken, J. M., 1996. Rheological behaviour of wheat glutens
at small and large deformations. Effect of gluten composition. . J. Cereal Sci. 23, 33-42.

Johansson, E., Prieto-Linde, M.L., Jénsson, J.O., 2001. Effects of wheat cultivar and nitrogen
application on storage protein composition and breadmaking quality. Cereal Chem. 78,
19-25.

Johnston, A.E., McEwen, J., Lane, P.W., Hewitt, M.V., Poulton, P.R., Yeoman, D.P., 1994.
Effects of one to six year old ryegrass-clover leys on soil nitrogen and on the subsequent
yields and fertilizer nitrogen requirements of the arable sequence winter wheat, potatoes,
winter wheat, winter beans (Vicia faba) grown on a sandy loam soil. J. Agric. Sci.,
Camb. 122, 73-89.

Khatkar, B.S., Bell, A.E., Schofield, J.D., 1995. The dynamic rheological properties of
glutens and gluten sub-fractions from wheats of good and poor bread making quality. J.
Cereal Sci. 22, 29-44.,

Ledgard, S.F., Penno, J.W., Sprosen, M.S., 1999. Nitrogen inputs and losses from
clover/grass pastures grazed by dairy cows, as affected by nitrogen fertilizer application.
J. Agric. Sci., Camb. 132, 215-225.

Lord, E.I., Shepherd, M.A., 1993. Developments in use of porous ceramic cups for measuring
nitrate leaching. J. Soil Sci. 44, 435-449.

Luo, C., Branlard, G., Griffin, W.B., McNeil, D.L., 2000. The effect of nitrogen and sulphur
fertilisation and their interaction with genotype on wheat glutenins and quality
parameters. J. Cereal Sci. 31, 185-194.

Magnus, E.M., Bréthen, E., Sahlstrom, S., Vogt, G., Fargestad, E.M., 2000. Effects of flour
composition, physical dough properties and baking process on hearth loaf properties
studied by multivariate statistical methods. J. Cereal Sci. 32, 199-212.

Nevens, F., Reheul, D., 2002. The nitrogen- and non-nitrogen-contribution effect of ploughed
grass leys on the following arable forage crop: determination and optimum use. Eur. J.
Agron. 16, 57-74.

Olesen, J.E., Heidmann, T., 1990. EVACROP. A program for calculating actual evaporation
and drainage from the root zone. Version 1.01. Research note no. 9, Dept. of

Agrometeorology. Tjele, Denmark. Danish Institute of Agricultural Sciences.

16



O 0 9 O W b~ WD -

[\ TR NG T NG T NG T N N NG T N T N T S g W S Gy Sy
~N O kA WD = O O 0NN R WD = O

Peltonen, J., Virtanen, A., 1994. Effect of nitrogen fertilizers differing in release
characteristics on the quality of storage proteins in wheat. Cereal Chem. 71, 1-5.

Petersen, J., 2004. Crop Uptake of '’N Labelled Fertilizer in Spring Wheat Affected by
Application Time. Acta Agric. Scand., Sect. B., Soil and Plant Sce. 54, 83-90.

Scholefield, D., Tyson, K.C., Garwood, E.A., Armstrong, A.C., Hawkins, J., Stone, A.C.,
1993. Nitrate leaching from grazed grassland lysimeters: effects of fertilizer input, field
drainage, age of sward and patterns of weather. J. Soil Sci. 44, 601-613.

Shepherd, M.A., Lord, E.I., 1996. Nitrate leaching from a sandy soil: the effect of previous
crop and postharvest soil management in an arable rotation. J. Agric. Sci., Camb. 127,
215-229.

Tronsmo, K.M., Magnus, E.M., Faergestad, E.M., Schofield, J.D., 2004. Relationships
between gluten rheological properties and hearth loaf characteristics. Cereal Chem. 80,
575-586.

Vereijken, J.M., Klostermann, V.L.C., Beckers, F.H.R., Spekking, W.T.J., Graveland, A.,
2000. Intercultivar variation in the proportions of wheat protein fractions and relation to
mixing behaviour. J. Cereal Sci. 32, 159-167.

Vinten, A.J.A., Ball, B.C., O’sullivan, M.F., Henshall, J.K., Howard, R., Wright, F., Ritchie,
R., 2002. The effects of cultivation method and timing, previous sward and fertilizer
level on subsequent crop yields and nitrate leaching following cultivation of long-term
grazed grass and grass-clover swards. J. Agric. Sci. 139, 246-256.

Watson, C.A., Oborn, 1., Eriksen, J., Edwards, A.C., 2005. Perspectives on nutrient
management in mixed farming systems. Soil Use Manage 21, 132-140.

Whitehead, D.C., 1995. Grassland nitrogen. Wallingford, Oxon, UK. CAB International.

Wooding, A.R., Kavale, S., MacRitchie, F., Stoddard, F.L., Wallace, A., 2000. Effects of
nitrogen and sulfur fertiliser on protein composition, mixing requirements, and dough

strength of four wheat cultivars. Cereal Chem. 77, 798-807.

17



Tables

1 Table 1. Incorporated plantresidues (tops and roots to 20 cm)
Plant residue Prior use in 2001 DM CV  Root-top N C/N
(tha’) (%)  rato  (kgha™)

Pasture 2002 Grass-clover; 1 yr 6.6 28 12.2 144 19
Grass-clover; 2 yr 79 20 15.8 161 20
Grass-clover; 8 yr 10.3 19 20.1 200 22
Ryegrass; 1 yr 8.2 23 94 176 19
Ryegrass; 2 yr 8.3 12 8.7 194 18
Ryegrass; 8 yr 9.0 12 11.5 213 18
Cereals - - - - -

Catch crop 2003  Grass-clover; 1 yr 3.8 33 2.9 73 22
Grass-clover; 2 yr 32 24 29 64 22
Grass-clover; 8 yr 42 47 24 78 23
Ryegrass; 1 yr 33 33 2.5 66 22
Ryegrass; 2 yr 5.8 46 5.0 122 20
Ryegrass; 8 yr 34 23 2.0 66 22
Cereals 4.7 17 42 99 20
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Legends

Fig. 1. Design of field experiment. Numbers 1, 2 and 8 refer to the age of grass leys at the
time of ploughing.

Fig. 2. Yield and Nuptake in grain and straw of spring wheat following unfertilised cereals

and grass leys of different age. Error bars: SE.

Fig. 3. Yields of wheat grain and barley wholecrop in the two years following ploughing of

grasslands and compared to similar yields following a cereal history. Error bars: +SE.

Fig. 4. Protein, starch and gluten contents of wheat grain following ploughing of grasslands

and compared to similar yields following a cereal history. Error bars: +SE.

Fig. 5. PCA scores (A), and loadings (B) for quality parameters of spring wheat following
mineral fertilised cereals (cer with 0, 25, 50, 75, 100 and 125 kg N ha™) and following grass-
clover (clo with 0, 115 and 230 kg total-N ha'l).

Fig. 6. Protein and gluten contents of flour, and loaf volume at different N application rates

(0, 115 and 230 kg total-N ha™) and different ages of grass leys (1, 2 and 8 years).

Fig. 7. PLSR scores (A) and loadings (B) for volume (y-variable) and rheological parameters,
protein, gluten and water absorption (x-variables) of spring wheat following grass-clover (clo

with 0, 115 and 230 kg total-N ha™)

Fig. 8. Nitrate leaching in cereals in the two years following ploughing of six grasslands. The
dotted line indicates nitrate leaching corresponding to the EU Drinking Water Directive upper

limit of 50 mg nitrate 1.

Fig. 9. The accumulated N output in nitrate leaching and crop removal in the two years

following ploughing of six grasslands. Error bars: SE.
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