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Herbage dry-matter production and forage quality
of three legumes and four non-leguminous forbs
grown in single-species stands
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Abstract

Agronomic data on most broad-leaved species of grass-
lands are scarce. The aim of this study was to obtain
novel information on herbage DM vyield and forage
quality for several forb species, and on species differ-
ences and seasonal patterns across harvests and in suc-
cessive years. Four non-leguminous forbs [salad
burnet (Samguisorba minor), caraway (Carum carvi),
chicory (Cichorium intybus) and ribwort plantain (Plan-
tago lanceolata)] and three leguminous forbs [yellow
sweet clover (Melilotus officinalis), lucerne (Medicago
sativa} and birdsfoot trefoil (Lotus corniculatus)] and a
perennial ryegrass-white clover mixture were investi-
gated in a small-plot cutting trial in Denmark during
2009 and 2010. Plots were harvested four times per
year. On average, annual herbage yield was highest
for lucerne (15-4 DM ha™') and grass-white clover
(154t DM ha™), and lowest for salad burnet
(46t DMha™') and  yellow  sweet clover
(3-9 t DM ha™'). Ribwort plantain and lucerne had
the highest concentrations of acid detergent fibre (339
and 321 g kg~' DM respectively) and lignin (78 and
67 g kg~ DM respectively); contents in other species
were similar to grass-white clover (275 and 49 g kg™*
DM respectively). No common feature was found
within the functional groups of non-leguminous forbs
and leguminous forbs, other than higher crude protein
contents (198-206 g kg ' DM) in the legumes. DM
yield and fibre content were lowest in October. Digest-
ibility declined with higher temperature and increas-
ing fibre content. Results are discussed in terms of the
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potential of forbs to contribute to forage resources in
farming practice.
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Introduction

Herbaceous species of grasslands in temperate climate
zones can be classified into three broad plant func-
tional groups: grasses, forage legumes and non-
leguminous forbs (Schellberg and Pontes, 2012). Sown
grasslands, particularly when under intensive manage-
ment, are usually based on simple mixtures of grass
cultivars, often of only one species, or a grass-legume
association. Non-leguminous forbs are generally not
included in seeds mixtures for agricultural grasslands,
except for special situations such as organic farms
(Younie, 2012) or agri-environmental measures. In
contrast, semi-natural grasslands include a greater
range of species, including legumes and other forbs,
and in some cases, these are of high feed value (Jean-
gros and Thomet, 2004). Yield and herbage quality of
semi-natural grasslands also vary, depending on spe-
cies composition, at successive growth cycles during
the growing season (Michaud ef al, 2012). Perceived
benefits of forbs in grassland swards have been widely
reported, although often based on limited evidence
(Voisin, 1959; Foster, 1988; Smidt and Brimer, 2005).
More recently, multispecies swards have been advo-
cated as having potential to provide increased avail-
ability of nutrients supplied by forbs. These include
not only essential microminerals that are present in
chicory (Cichorium intybus L.) and ribwort plantain
(Plantago lanceolata 1.) (Pirhofer-Walzl et al, 2011;
Lindstrom ez al., 2013), but also enhanced vitamin and
fatty acids concentrations beneficial for animal diets
(Elgersma ef al, 2012) and for the sensory praoperties
and physical characteristics of animal-derived products
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(Moloney et al.,, 2008). However, there is relatively lit-
tle information on the forage yield potential and feed-
ing value of most non-leguminous forb species of
grasslands. In parts of Europe, such as in areas with
mountain pastures, there is acceptance that some forbs
are of high value, but in lowland areas such as Den-
mark and the Netherlands, especially where there is a
history of intensive use, many advisors and farmers
expect forbs to have negative effects on herbage yield.
There is therefore a knowledge gap in terms of quanti-
tative data on the yield and quality of forbs in lowland
regions with intensive systems, and results from
extensively used (semi-) natural grasslands may not
be applicable to intensive high-input farming systems.

If benefits of forbs could be demonstrated, for
example in terms of improved animal health, feeding
value and quality of the product (Hopkins and Wil-
kins, 2006), there will be need for further agronomic
information on production characteristics and forage
quality. Forage yield data have been published for
chicory (e.g. Collins and McCoy, 1997; Kunelius and
MacRae, 1999; Li and Kemp, 2005) and to a lesser
extent for ribwort plantain (Sanderson et al, 2003a,b).
These two species are high yielding relative to many
other forbs (Labreveux ef al, 2004) and are included
in some commercial forage mixtures, for instance, in
New Zealand dairy pastures (Glassey er al., 2013), but
agronomic information on other forbs is sparse. In
particular, quantitative data from field trials carried
out during the growing season on potential dry-matter
(DM) yield and feed value of non-leguminous forbs
relative to grasses and the main forage legumes, and
in relation to environmental factors, are lacking.

We hypothesized that yield and forage quality of
some forbs might be similar to that of a perennial
ryegrass grass—white clover (Lolium perenne—Trifolium
repens) mixture. The aim of this study therefore was to
obtain information on yield and herbage quality for
several leguminous and non-leguminous forb species
in comparison with a grass-white clover mixture, and
to investigate species differences across eight succes-
sive harvest dates.

Materials and methods

Experimental site, species and establishment

The experiment was established after ploughing and
cultivation in spring 2008 at the Research Farm Fou-
lumgaard, Aarhus University, central Jutland, Den-
mark (56°29'N, 9°34'E; 51 m a.s.l.). The loamy sand
soil is a typic Hapludult (Soil Survey Staff, 1998)
which consists of 7-7% clay, 10% silt, 48% fine sand,
33% coarse sand and 1-6% carbon. Soil pH g was

5-9, and it had 60 mg kg™’ exchangeable K and
21 mg kg~ extractable P in the 0-15 cm layer.

Forage species were undersown with spring barley
{(Hordewm vulgare L.), sown at 25 kg ha™' and a sowing
depth of 0-5-1 em. Pure stands were established of
five non-leguminous forb species, four legumes and a
mixture (0-85: 0-15 by seed weight) of perennial
ryegrass and white clover (‘Blanding 22, a recom-
mended Danish seed mixture for grasslands). The
non-leguminous forbs were salad burnet (Sanguisorba
minor Scop.), caraway (Carum carvi L.), chicory, rib-
wort plantain and chervil [Anthriscus cerefolium (L.)
Hotfm.] The legumes were vellow sweet clover [Melilo-
tus officinalis (L.) Pall], lucerne (Medicago sativa L.),
birdsfoot trefoil (Lotus corniculatus 1.) and fenugreek
(Trigonella foenum-graccum 1.). All seeds were obtained
from commercial seed suppliers.

The experimental design was a randomized block
with two replications. Net plot size was 1.5 m x 9 m.
After the harvest of the spring barley at maturity in
August 2008, the experimental plots were cut on
October 25. Fenugreek did not survive the winter, and
on 16 April 2009, the bare fenugreek plots were aover-
sown with borage (Borago officinalis L.) in replicate 1
and viper's bugloss (Echium vulgare L.) in replicate 2.
As there was poor growth of chervil after the first har-
vest in 2009, this species was disregarded in statistical
analyses. (Results of forage quality parameters of bor-
age, viper’'s bugloss and chervil are summarized in a
supplementary file.) Statistical analyses were therefore EJ
carried out with four non-leguminous forbs, three
leguminous forbs and the grass-white clover mixture.

Agronomic management

One replicate was fertilized with cattle slurry, applied
with hoses in spring (17 April 2009 and 15 April
2010) and after the second cut (10 July 2009 and 15
July 2010) at 40:5 and 30-8, 23-9 and 205 t ha"!
respectively. The dates and amounts reflect typical
slurry applications on non-organic farms in the region.
The other replicate received only potassium sulphate
in amounts that provided K comparable with that in
the slurry: 200 kg K ha™ was applied on 10 July
2009, and 100 kg K ha™" on 7 April 2010 and 16 July
2010 (after the second cut). As P was not limiting, no
P was applied. Thus, the main difference between the
potassium sulphate-treated plots and the slurry-treated
plots was the additional N in slurry  (ca
190 kg ha~' year™' total N in slurry, of which ca.
114 kg ha™' was NH,-N). As replicate was confounded
with slurry, a model was chosen with replicate
(slurry) as fixed effect. Irrigation was applied on 9 and
29 June 2009 (38 and 54 mm respectively) and on 15
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July 2010 after the second cut (15 mm following
slurry application) to prevent drought stress.

Swards were cut with a forage harvester (J Haldrup
A/S, Legster, Denmark) to a residual stubble height of
7 cm. Harvesting dates in 2009 were 29 May, 9 July,
21 August and 23 October, and in 2010, 31 May, 13
July, 19 August and 21 October. These dates corre-
sponded with the standard dates for grass harvesting
of typical four-cut systems in Denmark, which are
based on calender date. Weather data were recorded
daily at the Foulumgaard weather station within
500 m of the plot area.

Sample processing and chemical analyses

After cutting, the herbage was weighed and subsam-
ples taken. One ca. 200 g subsample was dried at 60°C
for 48 h in an air-forced oven, and used to determine
DM content and for all chemical analyses. Ash was
determined after combustion for 6 h at 525°C, and N
content was determined according to the Dumas
method {Hansen, 1989). A Fiber-Tec system was used
to determine neutral detergent fibre (NDF) (Mertens,
2002}, acid detergent fibre (ADF) and acid detergent
lignin (ADL) (van Soest, 1963}, In vitre organic matter
digestibility (IVOMD) was determined in rumen liquor
according to Tilley and Terry (1963). Sampling of
rumen liquor complied with animal welfare regula-
tions. A second sample was taken from each cut in
both years and freeze-dried to provide material for
measuring fatty acid (FA) concentration (Jensen,
2008).

The botanical composition of the grass-white clover
sward was not determined. In the forb plots, unsown
species were excluded from the subsamples used for
chemical analyses. Chervil, borage and viper’s bugloss
samples were analysed when the amount of herbage
was sufficient.

Statistical analysis

Analysis of variance procedures were applied using
the MIXED procedures of SAS (Version 9) (SAS Insti-

B tute, 2001; Littell ef al, 2006). There were eight ‘spe-

cies” (the seven forb species plus the grass—clover
mixture) and four harvests per year. Crude protein
(CP) was calculated as 6:25 x N. The category ‘other
compounds’ was calculated as 1000 — (NDF + CP +
FA + Ash). Lignin content equalled ADL, and cellulose
was calculated as ADF-ADL and hemicellulose as
NDE-ADF. The experimental design was a randomized
complete block with two replications which were,
however, confounded with management; hence
statistically, sample size was N = 1. Therefore (Coch-
ran and Cox, 1957), yield and quality parameters were

© 2013 John Wiley & Sons Lid. Grass and Forage Science
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evaluated with a model that included a fixed main
effect of replicate (block = slurry) (/) to account for
differences in fertilization regime and possible effects
of N and P on yield and quality:

Ybuy =p+ o+ ﬁc + (afﬁ)J + (5). + Ap+ (5}»)}-5 + Ay + By
+ Cy + Dy + Ejmy

where yu, = The recorded value for species s in cut ¢
of replicate (block) b in year y

Greek letters denote fixed effects. Capital Latin let-
ters denote random effects. Lower case Latin letters
identify the effects and observations.

The following four effects were considered to be
random effects: replicate x species, replicate x species
% cut, species x year and replicate x species x year.
Because the year x replicate effect (81),, was not sig-
nificant for any of the parameters in a first analysis,
this interaction term was deleted and the analysis was
repeated. The interaction species x cut (xf), was sig-
nificant and was kept in the model as a fixed effect.
The interaction between replicate and some other
effects were small, and they were kept in the model as
random effects to take into account the random varia-
tion between plots and to take into account certain
correlations that must be expected because of the
design structure (e.g. same plot measured in both
years). When analysing experiments with a sample
size N = 1, anova can be performed if some interaction
terms are random or absent and assuming that those
random or absent terms have no true fixed effect
(Cochran and Cox, 1957). These assumptions were
met.

Differences detected among main effects and inter-
actions were assessed using the PDIFF option in the
least-squares means statement. Regression analyses
were conducted between yield, quality parameters and
weather variables. All tests of significance were made
at P = 0-05.

Results

Species differences

In the cut taken in the establishment year (Qctober
2008; data not shown), there was poor growth of
salad burnet and caraway, with insufficient herbage
for a yield determination. The DM vyield of chervil was
0-65 t ha=! and vields of the remaining species treat-
ments ranged from 1.5t DM ha ' in ribwort plantain
t02:2 t DM ha ' in lucerne.

Annual DM vield in 2009 ranged from 4 t ha~! for
caraway to 16 t ha™! for lucerne. In 2010, these same
species yielded 7 and 15 t ha™! respectively. In 2010,
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yellow sweet clover produced insufficient herbage for
a yield determination, and in the fourth cut, there
was no measureable yields from either salad burnet or
birdsfoot trefoil. In most cases, however, the amount
of herbage was sufficient for the determination of
quality analyses.

The mean values for DM yield and herbage chemi-
cal composition of the seven forb species and the
grass—clover mixture are shown in Table 1. There were
significant differences among the species for most
parameters investigated. There were no significant
block differences. The average DM yield was highest
for lucerne, followed by the grass—clover mixture, and
was lowest for salad burnet and yellow sweet clover
(P < 0:001). The grass—clover mixture had the highest
in vitro organic matter digestibility. There was no rela-
tion between yield and IVOMD based on species
means (Table 1).

Ribwort plantain and lucerne had the highest
concentrations of NDF, ADF and ADL (P < 0-001,
Table 1). Birdsfoot trefoil had low NDF and ADF
concentrations, but a high ADL concentration and
thus high lignification of the cell wall, as well as a
low ash content. The apparently higher hemicellu-
lose proportion of the cell walls in the grass—clover
mixture, compared with non-leguminous forbs, was
not significant due to species x cut interactions
(Table 1}.

The highest ash concentration was found in chic-
ory (P <0-001). There were no overall relationships
between NDF and ash contents, or any effect of tunc-
tional group. The CP concentration was highest in the
three legume species and in the grass—clover mixture,
and lowest in chicory and plantain (P < 0.001). The
concentration of ‘other compounds’ was significantly
higher in salad burnet than in all other species, and
also higher in chicory and caraway than in legume
species and the mixture (P < 0-001).

The concentration of CP in the legumes (and the
grass—clover mixture) exceeded that in the non-
leguminous forbs, while the opposite was found for
‘other compounds’. No other differences in DM com-
position or quality were found between the functional
groups of legumes and non-leguminous forbs. Within
each functional group, significant differences between
individual species occurred for all traits except for CP
in the legumes functional group (Table 1).

Concentrations of NDF, ADF, ADL, CP, ‘other com-
pounds’ and ash, and IVOMD of chervil, borage and
viper’s bugloss are presented in Appendix 1.

Seasonal fluctuation

Ditferences between harvests (P < 0-001) were found
for all parameters (Table 1), Forage DM vyields and

concentrations of NDF, ADF and ADL were lowest in
the fourth harvest. Concentrations of ash and CP, as
well as digestibility, increased from the second cut
onwards.

‘Weather variables during spring growth and during
each regrowth interval are shown in Figure 1. The
winter of 2009-10 was severe and spring growth
started late. The average temperature in April 2010
was only 6-5°C, whereas in April 2009, it was 9-4°C,
Mean temperatures during the 40 d preceding the
date of the first cut were 8.4°C in 2010 and 10-3°C in
2009 (Figure la). In 2010, there was a cold spring
with retarded growth, and temperatures fluctuated
greatly during the last 2 weeks of the first regrowth
period (Figure 1b). During the second regrowth per-
iod, temperatures did not differ between the 2 years
(Figure lc) except the first 10 d. During the third re-
growth period, average weather conditions were also
similar (Figure 1d).

Herbage DM production

Annual yield was lower in 2010 than in 2009 for salad
burnet (0-92), lucerne (0-91), plantain (0-79), birds-
foot trefoil (0-75), grass-white clover (0-75) and chic-
ory (0-53). In contrast, caraway yielded almost twice
as much in 2010 than in 2009. Due to this variability,
there was no overall effect of year (Table 1).

The seasonal growth pattern was very different
between years: in 2009, the first cut produced the
greatest yield, whereas in 2010, the greatest yield was
at second cut for all species except caraway. For most
species, the DM yield of the first cut was much higher
in 2009 than in 2010: for example, yields of grass—
white clover were 5-3 and 2.4 t DM ha™! and birds-
foot trefoil was 4.8 and 2-6 t DM ha™', in 2009 and
2010 respectively.

Ash and cell contents

Large differences were found for ash and CP contents
between harvests (P < 0-001, Table 1). Ash concentra-
tions were lower in cuts 1 and 2 than in cuts 3 and 4,
and increased from the second cut onwards, whereas
CP concentrations were higher in the first than in the
second cut and then increased to become highest in
cuts 3 and 4 (data not shown).

The relations between N content and DM yield of
the forage are illustrated for the non-leguminous forbs
and legumes (Figure 2). There was no effect of slurry
application on the relationship between these parame-
ters. The non-leguminous forb species showed a
nonlinear relationship and the legumes and the grass—
white clover mixture a linear negative relationship
between yield and N concentration; this applied to

© 2013 John Wiley & Sons Lid. Grass and Forage Science
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Figure 2 Relationships (P < 0-001) between nitrogen cancentration and yield for (a) four non-leguminous forb species (2 salad
burmet, o caraway, © chicory, A ribwort plantain). (b) three legume species and a perennial ryegrass/white clover mixture <
yellow sweet clover, o lucerne, o birdsfoot trefoil, A grass/clover). Open symbols depict unfertilized plots, filled symbols plots

with slurry.

individual species (data not shown) as well as the
overall group.

There were large differences (P < 0-001) between
harvests in the concentration of ‘other compounds’
(Table 1) including water-soluble carbohydrates,
which were highest in the first cut and lowest in the
third cut (not shown).

Cell wall constituents and in vitro organic
matter digestibility

The fibre contents (i.e. concentrations of NDF, ADF
and ADL) differed between harvests (P < 0-001) and
were lowest in the fourth harvest for all species. The
concentrations of ADF and its components (hemicellu-
lose and lignin) were higher in 2010 than in 2009
(P<0-05, Table 1). No other effects of year were
found. IVOMD differed between all four harvests
(P <0-001, Table 1) and increased from the second
cut onwards. The highest IVOMD was in herbage at
the fourth cut, followed by cuts 1, 3 and 2 respec-
tively. IVOMD was on average lower in 2010
(P <0-05 Table 1) and also more variable between
species, and within most species, than in 2009. Despite
variation in temperature during the third regrowth
period (Figure 1d), IVOMD values of the fourth cut

@© 2013 John Wiley & Sons Ltd. Grass and Forage Science

were comparable between years (Figure 3). There was
no relation between yield and digestibility.

Relation between in vitro organic matter
digestibility and temperature

Regression analyses showed a strong negative relation
between IVOMD and temperature during regrowth
(Figure 3) for each species. Although there were simi-
lar relationships for average, maximum and minimum
temperatures during regrowth, the statistical signifi-
cance was strongest for the latter.

The similarity in pattern and difference in level are
shown in Figure 3a for salad burnet and caraway, and
in Figure 3b, for chicory and ribwort plantain. For
each species, the values of replicate plots can be seen
across the temperature range. In general, replicate
plots had similar values.

The slopes of the regression lines for the non-
leguminous forbs were highest for chicory (—255),
followed by ribwort plantain (-22-0), caraway
(—17-6) and salad burnet (—8-0) (Figure 3). For the
legumes, the slopes were yellow sweet clover: —14-1,
lucerne: —16-4, birdsfoot trefoil: —18-5, and for grass—
white clover: —18:8; respective R? values 0-74, 0-55,
0-58 and 0-68 (P < 0-001, not shown).
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Figure 3 Relation between in vitro organic matter digestibility (VOMD, g 100 g OM™") and average daily temperature during
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cut 2 in 2009 and 2010, and cut 3 in 2010 and 2009.

Relation between in vitro organic matter
digestibility and fibre

The negative relationships between IVOMD and NDF
are illustrated for the non-leguminous forb and
legume species in Figure 4. To avoid bias due to differ-
ent ash contents among species (Table 1), NDF con-
centrations in organic matter (OM) are shown. Salad
burnet had the narrowest range in NDF concentra-
tions and a lower IVOMD than other non-leguminous
[ forbs at the same NDF level (Figure 5a).

Birdsfoot trefeil had a lower IVOMD than other
legumes at the same NDF level, and the grass—white
clover mixture had the highest IVOMD (Figure 4b).
The relatively low R* of the regression line for the
grass—white clover mixture, compared with pure
stands of non-leguminous forbs and legumes, reflects
the variability in proportions of grass and clover dur-
ing the various harvests. The slopes of the regression
lines were more negative for non-leguminous forbs, in
particular salad burnet, than for most legumes and
grass—white clover. This indicates that IVOMD
declined most rapidly with higher NDF concentrations
in salad burnet, while in yellow sweet clover, IVOMD
was least responsive to changes in NDF. The IVOMD

level was highest (P < 0-001) in the grass—white clover
mixture across the measured NDF range.

Discussion

Herbage yield and nitrogen uptake

Variation in growth pattern may be due to interactions
with weather conditions that produced different effects
in the 2 years. Growth in spring 2010 started late due
to the cold winter and low April temperatures, and
the effective primary growth period was shorter. This
implies that the forage was less mature on 31 May
2010 than on 29 May 2009. Higher DM vield at the
first cut in 2009 than in 2010 can also be related to
higher radiation in 2009 (742 vs. 635 MJ m ™2 during
the 40 d preceding the first cut). In addition, the leaf/
stem ratio may have been lower in 2009 due to
extreme April drought (0 mm rainfall), which may
have caused early maturation, although leaf/stem pro-
portions were not determined. Yield fluctuations in
cuts 2-4 would have been affected not only by the
weather but also by the yield level of the previous
cut, as heavy cuts delay the start of the next re-
growth.

© 2013 John Wiley & Sons Lid. Grass and Forage Science
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Figure 4 Relationships between IVOMD and NDF for (a) four nen-leguminous forbs (¢ salad burnet, m chicory, o caraway, A
ribwort plantain; all P < 0-001). Grey symbols depict salad burnet, the dotted line depicts caraway. Respective R of regression
lines: 0-82, 0-94, 0-92 and 0-90; slopes: —1-15, — 101, —1-07 and —0-95; (b) three legumes and a perennial ryegrass-white clo-
ver mixture (¢ yellow sweet clover, P < 0-05, m luceme, P < 0-001, o birdsfoot trefoil, P < 0-001, A grass-clover, P < 0.01).
Grey symbols depict yellow sweet clover, the dotted line depicts birdsfoot trefoil. Respective R? of regression lines; 0-56, 0-83,

0-92 and 0-50; slopes: —0-58, —0-86, —1-04 and —1-05

As expected, lucerne and the grass—white clover
mixture had greater DM vyields than most of the
tested mnon-leguminous forb species, although the
DM vyield of chicory, plantain and birdsfoot trefoil
was similar to the grass—white clover mixture, con-
firming our hypothesis that some forb species can
provide vyields equal that of grass—clover. In this
experiment, we investigated species sown as pure
stands, and the yield of salad burnet ranked lowest.
This finding contrasts with the high relative perfor-
mance of this species in a sown mixture in work
reported by Fisher etal (1996), who found, in
extensively managed swards of forbs sown singly
with a standard grass mixture, that ribwort plantain,
salad burnet, birdsfoot trefoil and chicory were
among the species that competed well with grasses
and produced annual forb-herbage vyields greater
than 2 t DM ha™'. This may have been due, at least
in part, to the absence of fertilization in the 3-year
experiment of Fisher ef /. (1996), although plants
can also interact differently with each other when
grown in a mixture than when grown in monocul-
ture (Casler ef al., 1987).

© 2013 John Wiley & Sons Ltd. Grass and Forage Science

At a site in Germany, ca. 250 km to the south of
our experiment, Loges (2012) found that first-year
yields (in 2010) of pure stands of forbs ranged from
33 1 DM ha™' in salad burnet to 93 t DM ha™' in
lucerne; the yields from chicory, birdsfoot trefoil and
ribwort plantain were 6-7, 5-7 and 5.3 t DM ha~},
respectively, and yellow sweet clover and caraway
were 4-5 and 4-3 t DM ha™'. In our experiment, first-
year yields (in 2009) were much higher for lucerne,
chicory, birdsfoot trefoil and ribwort plantain (16-2,
130, 109 and 94t DM ha ' respectively) possibly
due to the earlier start of the growing season in 2009.
The ranking order of these four species was similar;
salad burnet vyielded slightly more and caraway
slightly less in our experiment (4-8 and 3-8 t DM ha™'
respectively). Caution should be taken when interpo-
lating yield data. In this experiment, year effect was
confounded with sward age (2009 was the first and
2010 the second year after establishment) which may
have affected tiller density and (tap-) root develop-
ment.

Surprisingly, yields were similar in slurry-fertilized
and mineral-K fertilized replicates, as were N
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contents and quality parameters in the harvested
herbage. In this experiment, carried out on high-
fertility agricultural soils, amounts of available N, P
and K were apparently not limiting. The N uptake
of non-leguminous forbs (yield x N content, Fig-
ure 2) on plots without slurry provided a basis
for estimation of the N-delivery capacity of the
experimental site, attributed to mineralization and N
deposition (deposition was ca. 15 kg Nha 'y~ in
Denmark at the time of the experiment). The
N-delivery capacity was at least 200 kg N ha™’ in
2009 and 140 kg N ha ! in 2010, approaching the
amounts of total N provided in slurry (185 and
195 kg N ha ! of which 60% was NH,4-N). The loss
of slurry N due to ammonia volatilization may
explain the absence of a response to the additional

N provided in slurry.

Crude protein, fibre and ‘other compounds’

Our data showed that CP concentrations were similar
in lucerne and birdsfoot trefoil, and NDF concentra-
tions were similar in chicory and birdsfoot trefoil
(Table 1). This is in contrast to the results of Chapman
et al. (2009) in Canada; they reported that lucerne had
higher yields and CP concentrations than chicory and
birdsfoot trefoil, and chicory had lower NDF
concentrations than the other forages. In a study in
the Netherlands, Wamer et al. (2010) found higher
concentrations of CP from June to August in nibwort
plantain  (87-115 g kg DM™Y) than in chicory
(101-123 g kg DM™'), similar to our findings
(Table 1), and a higher NDF content in ribwort plan-
tain  (174-295 g kg DM™") than in chicory (169-
174 g kg DM™"), values that were much lower than
in our experiment. Seegaard et a/. (2011) also found
higher NDF contents in ribwort plantain (338 and
466 g kg DM™? in cuts 1 and 3) than in chicory (235
and 352 g kg DM ! respectively). These values were
comparable with ours (Table 1).

The ‘other compounds’ in salad burnet, chicory,
caraway and ribwort plantain were 0-51, 0-47, 0-46
and 0-40 of OM respectively. The proportions were
lower in yellow sweet clover and birdsfoot trefoil
(0-38), in grass—white clover (0-35) and lucerne
(0-34). These values are, however, prone to large
errors because ‘other compounds’ were calculated as
a difference from total, minus CP, NDF and FA
concentrations. ‘Other compounds” such as con-

[ densed tannins (e.g. Piluzza ef al, 2014), saponins

(e.g. Francis ef al, 2002) and phenols (e.g. Loges,
2012) may play a role in animal nutrition and
animal products; more research is needed to iden-
tify the various compounds in forbs and their
functions.

Ash

Very high concentrations of ash (>150 g kg ha™!)
were found both in the species of Boraginaceae (borage
and viper's bugloss), both of which have ecuticular
hairs. Although these values appear greater than for
other species (Appendix 1), these results are not repli-
cated and were not part of the statistical analysis. The
grass—white clover mixture had similar ash contents to
the legumes and non-leguminous forbs other than
caraway and chicory (Table 1).

Warner ef a/. (2010) found higher ash concentra-
tions in chicory (127-152 g kg ha™') than in ribwort
plantain  (102-115 g kg ha ') between May and
August. The reported values on ash contents, as well
as seasonal trends, are comparable with our findings.

Herbage digestibility, organic matter quality
and intake

In general, there were large and consistent differences
in nutritive value among species. The IVOMD values
obtained in our study with sown single-species swards
can be compared with the outcomes of a study of
Seegaard ef al. (2011} that investigated mixed swards
at the same site, also under a 4-cut system and aver-
aged over O N and 200 N slurry application treat-
ments. The results of Seegaard er al. (2011) and this
study showed that in spring, chicory had an IVOMD
level comparable with grass, but a relatively large
decrease towards summer, and an even greater decline
was found in plantain. Plantain had a lower IVOMD
than chicory. In contrast with other species, caraway
maintained its high IVOMD from spring to summer.
Birdfoot trefoil had IVOMD levels comparable with
lucerne, in spring and in summer. The IVOMD of
salad burnet was very low, as in Swsegaard ef al.
(2011).

A strong negative relation between IVOMD and
mean air temperature during regrowth was observed
for all species, which is in agreement with findings of
Wilson and Ford (1971) for perennial ryegrass. In
2010, the transition from the vegetative to the genera-
tive stage was probably delayed during the cold spring
and enhanced after the first cut due to the change in
weather. In addition, temperatures during the days
before harvest were about 5°C higher (Figure 2b)
which may have caused a decline in the concentration
of sugars. These factors might have contributed to the
lower IVOMD in the second cut of 2010 than in 2009,
particularly in caraway and chicory (Figure 4},

Apart from digestibility and energy content, the
nutritive value of forage as a feed for livestock is deter-
mined by voluntary intake. No clear relationships are
described for most species, but generally, intake is

© 2013 John Wiley & Sons Lid. Grass and Forage Science
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related to DM digestibility, structural carbohydrate con-
tent and breakdown capacity in the rumen {Armstrong
et gal., 1986). Legume intake is generally higher than
grass intake because legumes have lower cell wall
contents, higher CP concentrations and faster rates of
particle size reduction in the rumen, and faster OM

HE removal from the rumen (Rook e al, 2002). Wilman

et al. (1997) observed high voluntary intake in some
forb species despite a high NDF concentration, probably
because tissues of dicotyledonous species are bro-
ken down more easily than grass tissues in the
rumen. In our study, ambiguous relations between
IVOMD and NDF content were found for the various
non-leguminous forbs, for example, the higher IVOMD
of caraway than of ribwort plantain and salad burnet
could not be explained by differences in the degree of
cell wall lignification or proportions of cellulose or
hemicellulose. Further research is needed to find out
whether the ambiguous results found for ribwort
plantain may be due to low rates of in vitro NDF
degradability.

Implications for farming practice and
recommendations

The results of this experiment have shown that
lucerne, chicory, ribwort plantain and birdsfoot trefoil,
in single-species sown stands, had similar DM vield to
a perennial ryegrass—white clover mixture, In addition,
potentially useful attributes of forbs as forages
included low NDF content of salad burnet, caraway,
birdsfoot trefoil and chicory relative to a perennial
ryegrass—white clover mixture. The adoption of forbs
in practice requires a number of challenges to be over-
come, including establishment and persistence in
mixed swards under cutting/grazing.
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APPENDIX

Concentrations (g kg™' DM) of neutral detergent fibre (NDF), acid detergent fibre (ADF), acid detergent lignin
(ADL), crude protein (CP), ‘other compounds” and ash, and in vifro organic matter digestibility (IVOMD, g kg !
OM) of chervil (Anthriscus cerefolium L.), borage (Borago officinalis 1..) and viper's bugloss (Echium vulgare L.).

2009 2009 2009 2010
Cut 1 Cuts 2 + 3 Cuts 2 +3 Cuts 14
Anthriscus cerefolium Borago officinalis Echium vulgare Echium vulgare

NDF 412 369 316 365
ADF 298 359 307 350
ADL 62 94 67 106
CP 92 109 154> 145
Other 386 363 306" 312
Ash 80 151 203* 165
IVOMD 670 620 590* 610

* Samples available from the third cut only.
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= Select the colour and type of icon that will appear appear. (Where a proof is to be approved as it is,
in the proof. Click OK. this would normally be on the first page).
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v Drawing Markups

7. Drawing Markups Tools = for drawing shapes, lines and freeform
annotations on proofs and commenting on these marks.

Allows shapes, lines and freeform annotations to be drawn on proofs and for
C," ‘,\_} ‘,;»j-'{‘ ‘///;‘ ﬂ? comment to be made on these marks..

0001} P | by e |
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New Incorporations

How to use it T

+  Click on one of the shapes in the Drawing
Markups secticn.

« Click on the proof at the relevant point and

draw the selecled shape with the cursor. \ - - :
.. o ST osfonre01t 162354
« To add a comment to the drawn shape, \-0.003 e

~ 1004 41 =l
i 24 6 8 10121416 18 20 7| | Move to the bottom of the left |||
move the cursor over the shape until an _ j i cnlumnofpane!s |
arrowhead appears.

0.03
+ Double click on the shape and type any I<
text in the red box that appears. "

For further information on how to annotate proofs, click on the Help menu to reveal a list of further options:
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