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Variability of herbage production in mixed leys as
related to ley age and environmental factors:
a farm survey
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Influences of ley age, soil properties, and geographical location on the herbage production of red clover-grass
leys were determined under practical conditions on 27 organic farms located in the southern and in the north-
western coastal regions of Finland. Averaged over one-, two-, and three-year-old leys the accumulated first
and second cuts produced 7.12 t dry matter herbage ha™! year!, with a clover proportion of 34.8%. Herbage
production declined with increasing ley age. The average proportion of clover increased from 26.4% in the
first to 43.7% in the second cut but decreased with ley age. Within- and between-field variations of clover
proportions markedly decreased from the first to the second cut and strongly increased with ley age, while
changes in the variations of herbage production were less pronounced. Within-field variations of clover
proportions in the first and in the second cuts were higher at lower proportions of clover. Herbage produc-
tion was positively related with clover proportion. Soil properties had a major impact on clover proportion
and herbage production, largely explaining also regional differences in ley growth. Amelioration of fields
and, not at least, of less fertile sites within the same field seems to be a crucial requirement for higher and
more even clover proportions and herbage yields.
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I ntro d u ct| on 1997), catch (Kankéanen et al. 2001), and understorey
crops (Bergkvist 2003). In Fennoscandia with its
relatively short growing season, higher herbage pro-

Grasses and clovers are commonly grown as forage duction is achieved with perennial forage crops than
(Hopkins and Wilkins 2006), green manure (Wivstad with annual species. Compared with pure stands of
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either grasses or clovers, mixed swards especially of
perennial ley crops generally produce more herbage
(Halling et al. 2001). However, herbage production
and clover proportions have been found to fluctuate
markedly on spatial, intra-annual, and inter-annual
scales (Jorgensen et al. 1994, Mela 2003, Herrmann
etal. 2005). Variability of herbage growth is caused
by variations in weather conditions, soil properties
and management; the competitive balance between
grasses and clovers depends on the physiological
characteristics of the plants (Frame et al. 1998,
Schulte et al. 2003).

Soil texture and soil organic matter determine
soil structure, water retention, and nutrient cycling,
i.e., factors that decisively affect crop growth
(Stenberg 1998, Thomsen et al. 2003). Grassland
growth responds positively to supply with plant nu-
trients, e.g. with N (Griffin et al. 2002), P (Schils
and Snijders 2004), and K (Pant et al. 2004). On
acid soils, liming contributes to increased grassland
productivity (Ritchey et al. 2004). Spatial and tem-
poral heterogeneity of soil properties is high not
only between fields but also within single fields,
and contributes strongly to the variability of crop
growth (Geypens et al. 1999, Shi et al. 2002).

The over-yielding effect of clover-grass mix-
tures is largely due to N, fixation by the Rhizo-
bium-clover symbiosis, and subsequent transfer of
N from clovers to grasses. Ample supply of N from
soil pools or fertilization reduces the competitive-
ness of the clover relative to the grass component
(Hogh-Jensen and Schjoerring 1997). Grasses
have a lower temperature optimum than clovers
and dominate in mixed stands usually in the first
cut (Raininko 1968). The subsequent regrowth may
be hampered by drought and lower concentrations
of soil N. Under such conditions, the deeper root
system and the capacity for symbiotic N, fixation
provide red clover (Trifolium pratense L.) with
a competitive advantage over grasses (Raininko
1968). Temperature during regrowth is a key de-
terminant of clover growth (Halling et al. 2004).

While Hogh-Jensen et al. (2001) and Schils
and Snijders (2004) reported that application of
P and K to mixed swards favoured the competi-
tive ability of perennial ryegrass relative to white
clover, Acufia and Wilman (1993) and Fortune et
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al. (2005) did not find any evidence of added P or/
and K increasing the competitive power of either
grasses or clovers. Owing to greater root length
and surface area, many grasses compete strongly
with clovers for soil nutrients (Mengel and Steffens
1985, Hagh-Jensen and Pedersen 2003). Lower re-
quirements of P, K, and Mg may additionally in-
crease the competitiveness of grasses in relation to
clovers (Ozanne and Petch 1978, Wheeler 1996,
Brennan and Bolland 2006). In soils deficient in N,
however, symbiotic N, fixation provides legumes
with a competitive advantage in relation to grasses.
Under such conditions, added P and K might in-
crease the competitiveness of clovers in relation to
grasses (Simpson et al. 1988, Acufla and Wilman
1993, Kirkham et al. 1996).

In northern Europe the overwintering of ley
swards is jeopardised by a number of abiotic and
biotic factors, including freezing, frost heaving,
flooding, ice encasement, and low-temperature
fungal attack (Lindén et al. 1999). Ley legumes
are to a larger extent than grasses affected by det-
rimental overwintering conditions (Rufelt 1986,
Lager 2002). The overwintering ability of red clo-
ver is better in mixed swards with grasses than in
pure stands (Belzile 1987, Halling et al. 2001). A
competitive companion crop will, however, limit
the proportion of clover; timothy (Phleum prat-
ense L.) was shown to be most compatible with
red clover (Raininko 1968, Frame et al. 1985). The
harvest regime is critical with respect to the main-
tenance of a productive sward with a reasonably
high proportion of clover. Intervals between cuts
as well as between the last cut and the first killing
frost have to be long enough to allow for sufficient
accumulation of the energy and nutrient reserves
necessary for persistence and regrowth (Bélanger
et al. 20006).

Herbage obtained with a higher cutting fre-
quency is characterised by higher digestibility and a
higher protein concentration. In Finnish conditions,
however, increasing the harvest intensity from two
to three or four cuts not only lowers the annual
dry matter (DM) yield but impairs the viability of
timothy and red clover. Meadow fescue (Festuca
pratensis Huds.), on the other hand, has a better
regrowth ability than timothy or red clover (Pulli
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1980, Nissinen and Hakkola 1995, Mela 2003).
Consequently, in Finnish conditions a harvest sys-
tem involving three or four cuts is recommended
for meadow fescue leys (Pulli 1980) whereas timo-
thy and red clover-grass leys are usually cut only
twice (cf. Halling et al. 2001, Nykénen 2008).

On-farm research plays an important role in the
understanding and development of agricultural sys-
tems (Schiere et al. 1999). We surveyed perennial
red clover-grass leys on a number of organic farms
in two coastal regions of Finland. Our objectives
were (i) to document herbage production and clo-
ver proportions of perennial mixed leys managed
organically under farming conditions in the coastal
regions of Finland, (ii) to quantify between- and
within-field variation in herbage production and
clover proportion, and (iii) to examine the role of
ley age, soil properties, and geographical location
in determining ley production and proportion of
clover. By relating observations from this explora-
tive study to knowledge gained by experimental
studies we intended to test how well established
growth patterns and soil/plant relationships hold
under practical conditions, to guide farm manage-
ment, and to contribute to further research (cf.
Schjenning et al. 2004).

Material and methods

Environmental conditions and farm
management

The fields included in this study were located in
the coastal area of Finland from 60° to 65° North,
in two regions in the South and in the North-West,
thereafter referred to as “south” and “northwest”
(Fig. 1). These two regions differ in climate and
soils (Mukula and Rantanen 1987) and therefore
the results were grouped by region. Herbage sam-
ples were collected during the growing seasons
of 2001 and 2002. The weather conditions during
these seasons differed but the growing periods were

consistently longer, warmer and drier in the south
than in the northwest (Appendix, Table 1).

Ley crops were sampled on 27 organic farms
(European Council 1991). The farms were selected
from registers provided by the regional extension
services. Sixteen farms had livestock (10 farms in
the south, 6 in the northwest), and 11 were stock-
less (9 farms in the south, 2 in the northwest). The
crop rotations of all farms included ley and grain
crops. On all farms, primary tillage was carried out
by ploughing either in autumn or in spring, and the
seedbed was prepared by harrowing in spring. Ex-
cept for two farms animal manure obtained either
from the farm’s own livestock or from other farms
was applied during the course of a crop rotation.
Animal manure primarily was ploughed down prior
to ley establishment.

The seed mixtures included red clover (27
farms), timothy (25 farms), and meadow fescue
(18 farms). In 16 cases alsike clover (Trifolium
hybridum L.), white clover (Trifolium repens L.),
or both, were added in small proportions; however,
red clover was the dominating legume in all leys.
The average amount of ley seed was 21.3 kg ha’!
(SD = 5.8 kg ha!), and the average proportion of
clover (by weight) of the seed mixtures was 29.0%

Fig. 1. Location of study areas.
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(SD =10.2%). With the exception of one farm (two
ley crops) the leys were established with cereal
nurse crops. The nurse crops were threshed; only
on one farm (four ley crops) the cereal nurse crop
was cut for silage at milk ripeness. No harvest was
taken from the leys during the establishment year.

On all farms the leys were cut twice per season.
On stockless farms, the first cut was either har-
vested or left in the field as green manure whereas
the second cut was always left in the field; the leys
were terminated one or two years after the estab-
lishment year. On livestock farms, both the first
and the second cut were always harvested, and the
leys were maintained for three production years.
Since stockless farms were overrepresented in the
south, the leys were more often used for green ma-
nure in the south; in the northwest, where livestock
farms dominated, both cuts were harvested each
season, except on one farm (Appendix, Table 2).
On the stockless farms, the leys were not fertilized
with any top dressings whereas on livestock farms,
two- and three-year-old leys with low clover con-
tents were usually amended with urine. The above
variations in production line and ley management
are representative of organic farming in the coastal
regions of Finland.

Soil and herbage data

Soil data were derived from samples taken either by
the regional extension services or, in some cases,
by the farmers. Usually one sample composed of
7-8 sub-samples represents 1-2 ha of acreage. The
samples were taken from the top-soil in a standard-
ised procedure (see Lakanen 1969, Jokinen 1983,
Peltovuori 1999) and analysed according to the rou-
tines described by Vuorinen and Mékitie (1955). Soil
sampling was carried out within a five-year period
prior to our survey. No lime, mineral fertilizers or
animal manure had been applied to the respective
field during at least a year before the soil samples
were taken. Soil characteristics of the fields are
given in the Appendix, Table 3. During the time span
between soil sampling and herbage sampling none of
the fields was submitted to any specific amelioration
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measure, such as improvement of drainage, basic
application of lime, or store fertilization. Regular
crop rotation, tillage and fertilization regimes were
applied on the fields.

On each farm, herbage samples were taken pri-
or to the first and to the second cut of one-, two-,
and three-year-old leys (i.e., first, second, and third
production year, respectively), whenever leys of
these ages were available. In total 41 one-, 26 two-,
and 12 three-year-old red clover-grass leys were
sampled (Appendix, Table 2). At each sampling,
four 0.25 m? plots were chosen by dividing the
longest diagonal across the field into five equal
distances. Headlands were avoided. The sampling
area was marked with a metal blade rotating around
a metal peg driven into the soil with a hammer.
A defoliation height of 2-3 cm above soil surface
was chosen in order to obtain a measure of total
biomass growth. The herbage was cut with shears
and separated by hand into two fractions, clover
and grass. Monocotyledonous and dicotyledonous
weed species were included to the grass fraction;
weed infestation was generally very low. The grass
and clover samples obtained from each of the four
plots were kept separately and dried with air-flow
dryers at 25-30 °C to a constant weight. Every time
a drying bin was emptied the water content of four
grass and clover samples each was measured by
further treatment in an oven. Based on the average
water content of 5%, all herbage weights were cor-
rected to DM weights. The weight of the samples
was determined to the nearest 0.01 g.

Averaged over years and ley ages, the interval
between sampling (by us) and harvest (by the farm-
ers) was ten and three days in the south, and two
and eight days in the northwest (first and second
cuts, respectively). The actual herbage harvested
by the farmers was projected from our biomass
measurements with a grassland growth model (see
Riesinger et al. 2008). Driving variables in model
application comprised daily means of air tempera-
ture, relative air humidity, and wind speed, and
daily sums of incoming solar radiation, and precipi-
tation. The weather data were obtained from the of-
ficial weather station closest to the respective farm
(Finnish Meteorological Institute 2003). The water
holding capacity of the different soil types included
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in this study could not be assessed and the parame-
terisation of a certain clay soil was used throughout
all calibrations (see Eckersten et al. 2004). Clovers
have a higher temperature optimum than grasses
and therefore their proportion in mixed leys is ex-
pected to increase with time (Halling et al. 2004).
However, the proportions of clover at the time of
leys being cut by farmers could not be estimated
and were therefore assumed to be the same both in
observed and simulated growth.

Statistical analysis

The grass and clover fractions from the four plots in
each field were pooled for the analyses of herbage
production and clover proportion on a field level.
Herbage production and clover proportion were
related to ley age, soil properties, and geographi-
cal location by general linear modelling (GLM) in
Statistical Package for the Social Sciences (SPSS
2003). The first and the second cuts were analysed
both separately and combined as accumulated herb-
age production.

To approximate normal distribution and to
reduce heteroscedasticity, values of herbage pro-
duction were log-transformed and clover propor-
tions arcsin-transformed prior to the analyses. Soil
properties were summarised by principle compo-
nent analysis (PCA) prior to the analyses of vari-
ance. The full model thus included the explanatory
variables ley age and region (both as factors), their
interaction, and soil properties summarised as two
first PCA gradients. Herbage production was also
expressed as a function of clover proportion.

Some soil properties differed by region (Ap-
pendix, Table 3) and therefore these variables were
confounded in the analyses. Running a manual
stepwise selection of variables allowed us to detect
the confounding effects at intermediate stages of
modelling (cf. Sah et al. 2006). The relative weight
of each variable on its own and in combination
with all others was assessed. Variables with a high
degree of explanation were retained in the final
model. Non-significant main effect variables (that
is, factors) were removed only when their interac-

tion was not significant. p-values above 0.05 were
used as a cut-off point in the removal of explana-
tory variables.

We considered the possible confounding effect
of annual differences in weather conditions. Differ-
ences in herbage production and clover proportions
between the two sampling years were checked by
t-tests with Duncan-Sidak corrections for multiple
testing. Within-field variation was expressed as
the coefficient of variation of the four sub-samples
from each field.

Results

Estimation of the growth increment between when
our data were taken and when the farmers harvested,
with a grassland growth model, showed that the
farmers” harvest was on average 13.2% higher
than the values we obtained. On the other hand, our
samples were cut 2-3 cm above soil surface, less
than half of the defoliation height common in agri-
cultural practice. Herbage production, determined
both directly from the samples and indirectly from
the grassland growth model was related to ley age,
soil properties, and geographical location. Since
the results were the same for both, only results of
analyses based on our observed data are reported
here.

Averaged over both coastal regions and all ley
ages and separately for each region and for one- and
two-year-old leys, none of the two tested response
variables differed significantly between the years
2001 and 2002 (t-test with Duncan-Sidak correc-
tion, p > 0.05). For further analyses the data record-
ed during the two sampling years were pooled. The
first two PCA gradients of soil properties explained
57% of the variance in soil data. The first gradient
(soil-PCA1) was positively related to pH-value and
concentrations of P and K, and negatively to hu-
mus content. The second gradient (soil-PCA2) was
positively correlated with cation exchange capacity
(CEC), and with concentrations of K and Mg. The
mean score of soil-PCA2 was significantly higher
in the south than in the northwest (Table 1).
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Table 1. Principle component analysis (PCA) of soil properties of fields cropped organically with red

clover-grass leys in the coastal regions of Finland.

Soil-PCA1? Soil-PCA2?
Cation exchange capacity -0.356 0.724
Humus content -0.736 -0.141
pH 0.832 -0.025
P concentration 0.623 -0.396
K concentration 0.562 0.585
Mg concentration 0.110 0.567
% of variance 34.6% 22.8%
Mean value (SD) for south® 1.8 (0.58) 0.4 (0.85)
Mean value (SD) for northwest® 0.3 (1.38) -0.5 (0.99)***

2PCA1 and PCA2 refer to gradients 1 and 2, respectively, of principle component analysis.

® South = southern coastal region, northwest = north-western coastal region.

% = 1y < 0.001

First and second cut

Averaged over one-, two- and three-year-old leys,
herbage production in the first cut was 20.4% higher
than in the second cut (t-test, p < 0.001). The pro-
portion of clover increased from 26.4% in the first
to 43.7% in the second cut (t-test, p < 0.001) but
decreased in both cuts with ley age. Between- and
within-field variations of clover proportions were
higher than those of herbage production (Tables
2,3 and 4).

Herbage production in the first cut positively
correlated with soil-PCAT1. The first cut was poor-
ly predicted by the model, as indicated by a low
percentage of the explained variance (Table 5).
Herbage production in the second cut positively
correlated with soil-PCA2. Explanatory variables
retained in the final model for herbage production
in the second cut also included the proportions of
clover both in the first (negative correlation) and
in the second cut (strong positive correlation) (Ta-
ble 5). Levels of between- and within-field varia-
tions of herbage production differed only slightly
between the first and the second cut. Within-field
variation of herbage production decreased from
one- to three-year-old leys (Tables 2 and 4).
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The proportions of clover in both cuts generally
declined with ley age (Table 6). In the first cut there
was a significant interaction between ley age and
region (Table 6): in the south, the proportion of clo-
ver in the first cut markedly declined with increas-
ing age while it remained relatively unchanged in
the northwest (Fig. 2a). Observed clover propor-
tions were consistently lower in the northwest but
in the first cut the difference was significant only
for one-year-old leys (Table 6). In the second cut,
the proportions of clover declined in both regions
markedly with ley age (Fig. 2b). Clover proportion
in the second cut was positively correlated with
soil-PCA2 (Table 6). Between- and within-field
coefficients of variation of clover proportions de-
creased markedly from the first to the second cut
and increased in both cuts with ley age (Tables 3
and 4). The coefficients of within-field variation of
clover proportions in the first and in the second cuts
of one- and two-year-old leys were significantly
higher at lower proportions of clover (R?>0.6; p <
0.001); in three-year-old leys this relationship was
considerable, although not significant (R*> > 0.4; p
>0.1) (Fig. 3).



AGRICULTURAL AND FOOD SCIENCE

Riesinger, P. & Herzon, 1. Variability of herbage production

Table 2. Herbage production (dry matter = DM) in organically cropped perennial red clover-grass leys in the coastal re-
gions of Finland, averaged over two sampling years (means; standard deviations in parenthesis).

First cut (t DM ha'') Second cut (t DM ha™') Accumulated production® (t DM ha'")
South® Northwest® South® Northwest® South® Northwest®

One-year- 3.92 3.98 3.86 3.47 7.78 7.45
old leys (1.26) (1.10) (1.01) (0.98) (1.26) (1.59)
Two-year- 3.67 4.52 3.49 3.16 7.17 7.68
old leys (1.48) (1.00) (1.34) (1.08) (2.18) (1.65)
Three-year- 3.46 3.80 2.80 2.61 6.26 6.40
old leys (1.16) (0.68) (1.99) (0.60) (1.56) (1.09)
All ages 3.69 4.10 3.38 3.08 7.07 7.18

(1.30) (0.93) (1.45) (0.89) (1.67) (1.44)

2 Accumulated production = accumulated first and second cuts.
® South = southern coastal region (n = 47), northwest = north-western coastal region (n = 32).

Table 3. Proportions of clover in organically cropped perennial red clover-grass leys in the coastal regions of Finland,
averaged over two sampling years (means; standard deviations in parenthesis).

First cut (%) Second cut (%) Accumulated production® (%)

South® Northwest® South® Northwest® South® Northwest®
One-year- 57.3 24.1 73.4 51.2 66.2 36.8
old leys (23.7) (14.6) (17.3) (19.4) (19.6) 15.7)
Two-year- 33.0 20.4 56.8 389 44.5 28.1
old leys (23.9) (17.6) (22.4) (23.8) (21.0) (18.7)
Three-year- 8.9 14.6 27.0 14.7 18.1 15.3
old leys (5.9) (25.9) (22.8) (10.0) (13.9) (18.7)
All ages 33.1 19.7 52.4 349 429 26.71

(17.8) (19.4) (20.8) 17.7) (18.2) 17.7)

2 Accumulated production = accumulated first and second cuts.
® South = southern coastal region (n = 47), northwest = north-western coastal region (n = 32).

Table 4. Coefficients of within-field variation of herbage production and clover proportion in organically cropped leys
in the coastal regions of Finland, averaged over two sampling years.

First cut (%) Second cut (%)

South? Northwest? South? Northwest?

Herbage Clover Herbage  Clover Herbage Clover Herbage Clover

One-year-old leys 20.7 32.8 20.5 82.6 19.9 18.4 22.5 41.0
Two-year-old leys 17.5 58.5 11.9 70.6 22.0 28.9 15.9 51.5
Three-year-old leys 16.1 98.3 11.6 99.0 9.9 60.8 17.1 101.0
All ley ages 18.1 63.2 14.6 84.1 17.3 36.0 18.5 64.5

2 South = southern coastal region (n = 47), northwest = north-western coastal region (n = 32).
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Table 5. Results of general linear modelling of herbage production in organically cropped leys in the

coastal regions of Finland (n = 79).

Term B df F P
First cut (Rzade =0.067)

Intercept 8.174 1 54559.919 <0.001
PCAl® 0.084 1 5.533 0.021
Error 76

Second cut (R?, g =0-33)

Intercept 7.727 1 11077.186 <0.001
Cloverl® -0.315 1 5.000 0.028
Clover2® 0.780 1 28.951 <0.001
PCA2® 0.098 1 6.133 0.016
Error 74

Accumulated production® (R?, 4= 0-22)

Intercept 8.713 1 27465.614 <0.001
PCA1? 0.051 1 4.710 0.033
PCA2? 0.071 1 7.123 0.009
Clover2® 0.194 1 5.685 0.020
Northwest¢ 0.124 1 5.284 0.024
Error 73

2PCAL1 and PCAZ2 refer to principle component analysis gradients 1 and 2, which represent soil properties (see Table

1 for details).

b Proportions of clover in the first and the second cut, respectively (= 1 and 2, respectively).
¢ Accumulated production = accumulated first and second cuts.

4 North-western region as compared to the southern region.

Accumulated herbage production

The herbage production accumulated from the first
and the second cut of one-, two- and three-year-old
leys averaged 7.12 t DM ha™! (SD = 1.55 t DM ha™!),
with a clover proportion of 34.8% (SD = 17.9%).
Coefficients of between-field variation averaged
over one- and two-year-old leys were higher with
respect to proportion of clover (38.3% in the south;
54.9% in the northwest) than with respect to ac-
cumulated herbage production (23.3% and 21.3%,
respectively). Similarly, coefficients of within-field
variation of clover proportions (34.7% in the south;
61.4% in the northwest) exceeded those of herb-
age production (20.0% and 17.7%, respectively)
(Tables 2, 3 and 4).
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Accumulated herbage production correlated
positively with soil-PCA1 and soil-PCA2. Other
explanatory variables retained in the final model
for accumulated herbage production included re-
gion (slightly higher production estimate for the
northwest), and proportion of clover in the second
cut (positive correlation). An initially significant
decline of accumulated herbage production in
three-year-old leys became non-significant once
soil properties or proportion of clover were fitted
into the model (Table 5).

The proportions of clover in accumulated herb-
age production progressively declined with ley
age and correlated positively with soil-PCA2. The
large regional difference in proportion of clover
decreased in the model estimates after ley age and
regional differences in soil properties were taken



AGRICULTURAL AND FOOD SCIENCE

Riesinger, P. & Herzon, 1. Variability of herbage production

Table 6. Results of general linear modelling of clover proportion in organically cropped leys in the coast-
al regions of Finland (n = 79).

Term B df F P
First cut (Rzadj =0.286)

Intercept 0.089 1 54.188 <0.001
Ley age I 0.571 2 5.002 0.001
Ley age II* 0.268 ns
Region 0.91 1 2.167 ns
Ley age x region 2 3.298 0.035
Ley age I* x region

Northwest® -0.499 0.017
Ley age II* x region ns
Ley age III* x region ns
Error 72

Second cut (Rzﬂd/.é 0.506)

Intercept 0.348 1 236.411 <0.001
Ley age I* 0.465 2 14.850 <0.001
Ley age II? 0.271 0.002
PCA2¢ 0.089 1 9.147 0.003
Northwest® -0.177 1 3.796 ns
Error 73

Accumulated production® (R?, 4 = 0-46)

Intercept 0.191 1 147.467 <0.001
Ley age I* 0.537 2 11.112 <0.001
Ley age II? 0.268 0.047
PCA2¢ 0.064 1 4.544 0.036
Northwest® 0.019 1 4.134 0.046
Ley age x region 2 2.442 ns
Ley age I* x

Northwest -0.329 0.049
Ley age II* x region ns
Ley age III* x region ns
Error 71

2Ley age I, II and III = one-, two- and three-year-old leys, respectively.

® North-western region as compared to the southern region.

°PCA1 and PCA2 refer to principle component analysis gradients 1 and 2, which represent soil properties (see Table
1 for details).

4 Accumulated production = accumulated first and second cuts.

into account. Similarly to the first cut, there was DISCUSSIOH

an interaction between region and ley age: only

in one-year-old leys, the proportion of clover was General patterns of clover growth observed here,
significantly higher in the south than in the north- such as proportional increase from the first to the
west (Table 6). second cut and proportional decrease with increasing

402



AGRICULTURAL AND FOOD SCIENCE

Vol. 17 (2008): 394—412.

Clover proportion, %

80 |
a)

60

40

|

Ley age
Fig. 2a. Clover proportions (mean and SE) in the first cuts
obtained from one-, two- and three-year-old (I, Il and I11,
respectively) organically cropped leys in the southern
and the north-western coastal regions of Finland (south
= open bar, northwest = closed bar).

ley age, corroborate previous reports from northern
Europe (Frame et al. 1985, Fagerberg and Ekbohm
1995, Mela 2003). As confirmed by other studies of
legume-grass leys not amended with easily-soluble
N fertilizers, herbage production was dependent on
the proportion of clover (Mallarino and Wedin 1990,
Newton 1995, Mela 2003). Since clover growth was
more variable than that of grass, increased within-
field variation of herbage production in the second
cut was attributable to the more dominating role of
clover in the regrowth taking place subsequent to
the first cut. The decline of herbage production with
ley age observed in this study was associated with a
decline of clover proportion (see also Mela 2003).
Accordingly, an increase of herbage production from
one- to two-year-old leys and a less marked decline
of herbage production from two- to three-year old
leys, as reported from Finland by Nykénen et al.
(2000), and from Finland and Sweden by Halling et
al. (2001), were associated with higher proportions
of clover. Thus, both establishment and persistence
of clover are decisive for the herbage production
of mixed leys.

403

Clover proportion, %

go-| -
l b)
I -
60 | T 1
|
. T T
40 |
|
|
3
20 |
1 1
|
L
O —

I 1l
Ley age
Fig. 2b. Clover proportions (mean and SE) in the sec-
ond cuts obtained from one-, two- and three-year-old (I,
II and III, respectively) organically cropped leys in the
southern and the north-western coastal regions of Finland
(south = open bar, northwest = closed bar).
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Fig. 3. The relationship between clover proportions in the
first and in the second cuts (dots and stars, respectively)
of one-, two-, and three-year-old leys (I, 11, and III, re-
spectively) and the coefficients of within-field variations
of clover proportions in these cuts.
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Variability of herbage production and
clover proportion

The herbage production obtained by the farmers cor-
responded to the levels recorded in field experiments
carried out in Finland and Sweden but did not reach
the levels achieved in northern Germany and Great
Britain (Halling et al. 2001). Clover proportions were
somewhat lower compared to the northern European
field experiments reported by Halling et al. (2001).
Annual variation in ley growth cannot be explored
with data limited to two years and could therefore
not be related to the observations of Mela (2003)
and Herrmann et al. (2005) on large year-to-year
fluctuations of herbage production. Three-year-old
leys could be sampled only in a minor number of
fields so the data presented here on three-year-old
leys, as well as trends in yields and proportions of
clover from two- to three-year-old leys have to be
interpreted with caution.

Between- and within-field variations of clover
proportions were considerably larger than those of
herbage production, emphasising that the viability
of red clover more than that of grasses was affect-
ed by climate, soil, and management factors (see
also Fagerberg and Ekbohm 1995, Nykénen et al.
2000). Between-field variation of clover propor-
tion declined from the first to the second cut (cf.
Nykénen et al. 2000) but increased with ley age.

The proportions of clover in the seed mixtures
used for the establishment of the leys studied
here potentially entail a domination of clover in
the herbage production of one-year-old leys. In a
considerable number of cases, however, the pro-
portions of clover in the herbage production of
one-year-old leys were below 40%. With propor-
tions of clover lower than 40%, the coefficients of
within-field variation of clover proportions mark-
edly increased to between 50 and 150%. A decrease
of within-field variation of clover proportion from
the first to the second cut indicated that the vig-
our of clover improved during the growing period.
With increasing ley age, however, patterns of de-
creasing clover proportion and increasing within-
field variation of clover proportion became more
pronounced. Establishment during the first grow-

ing season and persistence during the first winter
were factors markedly influencing the proportion
of clover and its variability not only during the first
production year but throughout the whole produc-
tion cycle of a ley crop.

Red clover is a stationary plant that grows
from a crown, an area of meristematic tissue, sit-
ting just above the soil surface. Loss or damage
to this crown prevents new plant growth and is
the major cause of mortality in red clover. White
clover, by contrast, spreads and perennates by sto-
lons. These horizontal stems have many growing
points and can assume independent existence. Its
stoloniferous growth habit enables white clover to
colonise bare spaces and to establish itself in avail-
able niches (Abberton and Marshall 2005). The
herbage production of white clover-grass swards
oscillates at patch scale, but might, through spatial
heterogeneity, be stabilised at field scale (Schulte
etal. 2003). Thus, white clover might contribute to
a stabilisation of clover proportions in mixed leys.
However, white clover is more sensitive to drought
than red clover (Frame et al. 1998). Furthermore,
low canopies impair the competitiveness of many
white clover varieties relative to other ley species
(Frame et al. 1998, Hogh-Jensen et al. 2001). The
development of large-leaved white clover varieties
with drought tolerance and good winter survival
remains a challenge for plant breeding in boreal
climate conditions.

Impact of soil properties on ley growth

Within our study fields, soil probes had been taken
from places not identical with the plots sampled
for herbage. According to the soil test protocols,
the surveyed fields were uniform with respect to
soil type, humus content, pH, and P-, K-, Mg-, and
Ca- concentrations. However, spatial and temporal
heterogeneity of soil properties within single fields
is known to be high (Geypens et al. 1999, Shi et
al. 2002). Moreover, analysis of soil nutrient status
according to the routines applied in Finland usu-
ally only entails the easily-soluble nutrient fraction
(see Vuorinen and Mikitie 1955), and this was also

404



AGRICULTURAL AND FOOD SCIENCE

Vol. 17 (2008): 394—412.

the case in our study. Another reason for cautious
interpretation of our results is that ley growth is
also influenced by other plant nutrients than those
studied here. Plant growth may also be obstructed
by soil compaction (Alakukku 1999). Our study
provides indications of relationships between ley
growth and soil properties along summarised PCA
gradients rather than their exact values. Thus, we
discuss only strong correlations between soil-PCA
gradients and ley growth.

Both herbage production and clover proportion
were clearly related to soil properties. Although
confounded by regional location, soil properties
had stronger correlations with growth parameters
than region. Similarly, Mela (2003) concluded that
soil type was more important for the persistence
of red clover than latitude. Levels of herbage pro-
duction and of clover proportions were positively
related to a soil gradient determined by CEC, i.e.,
to increasing nutrient and water exchange capac-
ity. Soil nutrient stocks are, especially in condi-
tions of organic farming, decisive for crop growth
(Fortune et al. 2005). Being a function of clay and
humus contents, high CEC is often synonymous
with high nutrient mobilisation capacity (Thomsen
et al. 2003) and favourable soil structure (Strong
et al. 1998).

Good soil structure increases the water-holding
capacity of the soil and the proportion of plant-
available soil water, and enhances root growth, and
thus the total amounts of plant-available soil water
and nutrients. This is of importance for crop growth
in the coastal regions of Finland, where especially
the second ley growth in certain years is limited
by summer drought (Mukula and Rantanen 1987);
in the case of our study, incidences of summer
drought differed between regions and years. Soil
structure also influences the overwintering ability
of biennial and perennial crops: there are fewer in-
cidents of waterlogging and flooding on permeable
soils (Lindén et al. 1999).

Symbiotic N, fixation provides ley legumes
with a competitive advantage relative to grasses.
However, the efficiency of symbiotic N, fixation
depends, among other factors, on gas exchange be-
tween soil and atmosphere, and access to soil wa-
ter (see Giller and Cadisch 1995). The observation
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by Mela (2003) that red clover persisted better on
humus-rich and thus well-aerated sandy soils than
on heavy clay and silt soils might, in this context,
be related to beneficial soil structure rather than to
a specific soil texture.

Although humus level is indicative of the
amounts of nutrients contained in soil organic
matter and available for plant growth through
mineralisation, a soil gradient related to humus
content correlated negatively with herbage pro-
duction. This could have been caused by a number
of negative consequences that a high level of soil
organic matter may have for the viability of red
clover. Humus-rich and organic soils in northern
latitudes originally have low pH, which is known
to be unfavourable for the persistence of red clover
(Bowley et al. 1984). Furthermore, in Nordic cli-
mate conditions, high content of soil organic mat-
ter implies a risk for frost-heaving, to which red
clover and meadow fescue are more sensitive than
timothy (Pulli 1986, Nissinen and Hakkola 1995).
On humus-rich and organic soils extensive miner-
alisation of soil-N decreases the competitiveness of
the legume relative to the grass component. More
vigorous grass growth may in this case compensate
the lower viability of legumes; in our study, how-
ever, this was not the case.

The negative correlation between humus con-
tent and proportion of clover was very weak. Thus,
instead of being caused by factors detrimental sole-
ly to red clover the negative correlation between
humus content and herbage production was obvi-
ously related to factors adverse both to clovers and
grasses. Extensive uptake of N during late summer
and autumn has negative effects on hardening and
viability of overwintering crops (Bélanger et al.
2006). Frost heaving may have affected both clo-
vers and grasses. Finally, humus-rich soils are often
located in low-lying grounds, which are prone to
flooding. Poor overwintering of both clovers and
grasses is a probable cause for the negative cor-
relation between humus content and herbage pro-
duction.

The positive relation of herbage production
with a gradient of soils characterised by high pH
values and high concentrations of P and K corrobo-
rated other studies (Wheeler 1998, Pant et al. 2004,
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Schils and Snijders 2004). Clover proportion was
not related to the gradient summarising soils with
high pH values. This was surprising since red clo-
ver requires a higher pH than grasses (Pires et al.
1992). Most of the surveyed fields had neutral pH
values and rather high humus contents. Neutral pH
values promote the mineralisation of N from soil
organic matter and thus an increase of the propor-
tion of grasses at the expense of legumes (Ledgard
and Steele 1992). The gradient of soil parameters,
to which levels of clover proportions were related,
included low soil-P and high soil-K and -Mg con-
centrations, although nutrient concentrations were
less clearly related to the gradient than CEC. Most
of the studies on the influence of different plant nu-
trients on the performance of clovers relative to that
of grasses have been done in white clover-ryegrass
communities. More factorial laboratory and field
experiments are needed to investigate the influence
of plant nutrients other than N on the competitive-
ness of red clover in mixed leys.

Impact of climate on ley growth

The main effects of climate on ley growth were
attributable to overwintering conditions. The
detrimental impact of unfavourable overwinter-
ing conditions on the first cut was in both regions
expressed by higher between- and within-field
variations of clover proportions as compared to the
second cut. This might also explain the particularly
weak relationship of herbage production and clover
proportion in the first cut to soil properties and to
weather conditions during the growing period (that
is, to the region).

Patterns of ley growth differed between the two
regions: In the south, accumulated herbage produc-
tion decreased with ley age, while in the north-
west it increased from one- to two-year-old leys.
Especially in one-year-old leys, the proportion of
clover was remarkably lower in the northwest. Fur-
thermore, between- and within-field variations of
clover proportion were considerably higher in the
northwest than in the south. The lower proportion
of clover and the higher variability of clover con-

tents recorded in the northwest might be related to
climate conditions such as shorter growing season
and lower temperature sum (cf. Halling et al. 2004).
However, weather data obtained from the official
meteorological stations closest to the respective
farms and included to the statistical modelling as
explanatory variables did not yield any significant
results. Climate conditions were therefore repre-
sented by the factor region.

The effect of region on ley growth was partly
confounded by soil properties. The moist mull
and capillary silt soils frequent in the northwest
are more sensitive to frost heaving than the clay
soils dominating along the southern coastline. Ice
encasement and flooding are promoted by even
topography, independently of soil type and humus
contents; the proportion of such fields is consid-
erably larger in the northwest than in the south
(Mukula and Rantanen 1987). Although regional
location involved somewhat different climatic con-
ditions, ley age and soil properties proved to be
more decisive explanatory variables for herbage
production and clover proportion.

Impact of management on ley growth

The red clover-grass leys studied here were grown
for harvest, green manure, or both. In the northwest,
ley cultivation aimed at production of forage whereas
in the south, the leys were grown for forage or green
manure, or both. Mulching the herbage may have
both positive and negative effects on subsequent ley
growth. N mineralised from mulched herbage may
have a positive effect especially on grass growth.
However, considerable amounts of N mineralised
from mulched herbage can be volatilised (White-
head and Lockyer 1989) or leached (Bergstrom and
Kirchmann 2004). Also other nutrients, such as P
and K, can be lost from the field either by leach-
ing or in surface runoff (Ulén and Mattsson 2003,
Kayser et al. 2007). The amounts of plant nutrients
mineralised from mulched herbage are relatively
small compared to those mobilised from previous
applications of animal manure (Uusitalo et al. 2007)
and from the soil stock (Kaila 1967, Saarela 2002).
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Therefore, the residual effect of mulched herbage on
subsequent ley growth may be minimal (cf. Nykénen
2008). Since mulched herbage covers the stubble,
the regrowth of the sward may even be hampered
by shading. Here we assumed that ley growth sub-
sequent to mulching was not markedly different
from that subsequent to herbage harvest.

Within each field, weather conditions and man-
agement measures were consistent, and within-
field variation was therefore related to spatial dif-
ferences in soil properties and in field topography,
and possibly to minor variations in fertilization and
sowing. Although differences in ley growth be-
tween single fields and farms are driven not only by
climate conditions and soil properties but also by
management measures, the levels of variability in
herbage production and clover proportion between
fields and farms were similar to those within fields.
This leads to the question whether soil properties
were mainly responsible also for the variability of
herbage production and clover proportion between
fields and farms.

The farms were managed according to the
regulations of organic farming (European Council
1991), and neither easily-soluble mineral fertiliz-
ers nor pesticides were applied to the fields. Thus,
the differentiating impact of management on the
organically cropped leys studied by us was small-
er compared with conventionally managed leys,
where fertilizers and pesticides have considerable
impacts on crop growth (Pulli 1980, Hyvonen and
Salonen 2003). Whereas management has strong
influences on the growth of conventionally cropped
leys, soil properties may be more decisive than
management for the growth of organically cropped
mixed leys. In a longer perspective, however, man-
agement not only directly affects crop growth but
also determines it indirectly through changes in soil
fertility.
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Conclusions

Yield levels and growth patterns of the red clover-
grass leys studied in this farm survey corresponded
to findings reported from northern European field
trials. Growth of mixed leys in the southern and the
north-western coastal regions of Finland appeared
to be mainly related to ley age and soil proper-
ties, and only to a minor degree to geographical
location. Knowledge established under conditions
of factorial laboratory and field experiments was
necessary for the interpretation of the observed
relationships. We could show that herbage pro-
duction was mainly driven by clover proportion.
However, the persistence of clovers was poor
and the importance of grasses for the stability of
herbage production increased with ley age. Mixed
leys that are maintained for three production years
should, under conditions of organic cultivation, be
fertilized in the second production year, preferably
after the first cut; grass-dominated swards have a
high demand especially of N. Variability of herbage
production and clover proportion within fields was
surprisingly high and equalled levels of variability
between fields and farms. High variability of clover
proportions between and within fields complicates
feeding management as well as calculations of
the preceding crop value of leys. Amelioration of
fields and, not at least, of less fertile sites within
the same field seems to be a crucial requirement
for higher and more even clover proportions and
herbage yields.
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Appendix

Appendix, Table 1. Weather conditions during the growing seasons 2001 and 2002 (Finnish Meteorological Institute
2003).

South® Northwest®

Growing season (days)®

2001 176-177 175-176

2002 161-163 147-148

30-year mean 178-190 164-172
Temperature sum (°C)°

2001 1439-1626 1169-1361

2002 1536-1693 1405-1499

30-year mean 1313-1386 1104-1180
Precipitation (mm)¢

2001 91-185 137-231

2002 111-229 182-273

30-year mean 135-161 128-148

2 South = southern coastal region, northwest = north-western coastal region. Range between different weather stations located within the
respective coastal region (five stations in the south, three stations in the northwest).

b Calculated in days when the base temperature of 5 °C is exceeded.

¢ Calculated by accumulation of the mean daily temperatures above 5 °C during the growing period.

4 Including May, June and July (the period during which the first and the second ley growth take place).

Appendix, Table 2. Number of crops included in the study of organically cropped red clover-grass leys by ley age and
ley management (in parenthesis: two harvests, one harvest and one green manure cut, and two green manure cuts,
respectively).

South? Northwest?
One-year-old leys® 27(9,9,9) 14 (13,1, 0)
Two-year-old leys® 16 (9,6, 1) 10 (10, 0, 0)
Three-year-old leys® 4(3,1,0) 8(8,0,0)

2 South = southern coastal region, northwest = north-western coastal region.
® One-, two-, and three-year-old leys refer to ley age (production years subsequent to the establishment year). In 12 cases samples were
taken from the same site during two consecutive years.
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Appendix, Table 3. Number of sites included in the study of organically cropped red clover-grass
leys by soil properties.

South? Northwest?
Soil type®
Sand 2 11
Silt 6 8
Clay 39 7
Mull 0 6
Humus content (%)°
<15 0 0
1.5-2.9 0 0
3.0-5.9 33 14
6.0-11.9 7 9
12.0-19.9 7 3
20.0-39.9 0 6
pH-value (H,0)
5.0-5.4 1 5
5.5-5.9 17 15
6.0-6.4 22 6
6.5-6.9 7 6
Soil-P concentration!
Poor 0 1
Quite poor 0
Satisfactory 12 14
Good 24 5
High 8 4
Very high 1 6
Hazardously high 0 2
Soil-K concentration?
Poor 0 0
Quite poor 2 16
Satisfactory 13 8
Good 21 5
High 11 3
Very high 0 0
Hazardously high 0 0
Soil-Mg concentration?
Poor 5 2
Quite poor 5 0
Satisfactory 6 6
Good 15 16
High 11 8
Very high 5 0
Hazardously high 0 0

2 South = southern coastal region, northwest = north-western coastal region.

® Soil types are categorised according to Mukula and Rantanen (1987), with the exception of silt, which is de-
fined as the particle range 0.002-0.06 mm. Moraine soils are included with sandy soils. Cation exchange capacity
(CEC) increases from sand, silt, and clay to mull soils. For the purpose of principle component analysis (PCA),
increasing CEC was expressed by the numerical values 1, 2, 3, and 4, respectively (see Table 1).

¢ Humus contents are categorised according to Mukula and Rantanen (1987). For the purpose of PCA, the hu-
mus classes 3.0-5.9, 6.0-11.9, 12.0-19.9, and 20.0-39.9 were expressed by the numerical values 1, 2, 3, and 4,
respectively (see Table 1).

4 Concentrations of plant-available soil-P, -K and -Mg are grouped in seven classes (Vuorinen and Mikitie 1955).
For the purpose of PCA, corresponding numerical values were used.
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