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Foreword

Grassland as a whole and especially natural grassland covers a big part of the European
territory. In some countries with large mountain areas, permanent grassland covers more than
half of the land used for agricultural purposes. However, sometimes it is not very clear what is
meant by the term permanent pasture in comparison with temporary grassland. The European
Commission defines permanent pasture as “land used to grow grasses or other herbaceous
forage naturally (self seeded) or through cultivation (sown) and that has not been included in
the crop rotation of the holding for five years of longer” (Commission Regulation (EC) No
796/2004). This already gives us, as grassland researchers matter for reflection and
conversation.

In easily convertible soils (e.g. Flanders, the Netherlands, UK, Denmark, Germany, West-
France) with a moderate climate farmers are used to renovating their grassland regularly and
incorporating it in their farm production scheme. Sometimes grassland -for grazing conditions
during summer time- and maize -growing for winter stable feeding- are the only crops on
dairy or beef production farms.

Permanent pastures with a good botanical composition have the advantage to permanently
cover the soil with a positive effect on production, C storage, capturing minerals and nitrate
nitrogen, erosion prevention... On the other hand regularly renovated grassland and
temporary grassland gives the opportunity to introduce the newest developed varieties of good
and well adapted grass species on the farm. Breeding always creates new varieties with
specific characteristics for a better production and/or quality, an improved resistance against
diseases, biotic and abiotic stress e.g. frost, draught, ...

Do we have to pay special attention to our grassland in the next decades because of “global
warming’? Will softer and wetter winters combined with drier and hotter summers constraint
the production capacity of grassland and how will grassland compete with other forages?

The proceedings of this symposium contain 133 papers and all the abstracts of papers and
posters are summarized in a special booklet. We will overlook the item of the symposium in
three sessions. During the mid conference tours the participants get some information on
Flemish grassland farming and during the post conference tours we will pay special attention
to the more natural grassland in the Walloon Provinces.

We would like to seize the opportunity to thank numerous people for their help in the
organisation of this symposium and the publishing of this book: the members of the
Organizing and Scientific Committees, the external reviewers, etc.

We wish all of you a nice stay in Gent and a fruitful participation to this 14" international
symposium of the EGF at the headquarters of the Faculty of Bioscience Engineering of Gent
University.

Lucien Carlier Alex De Vliegher
President of the organizing committee Secretary of the organizing committee
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The comparison between temporary and permanent grassland

Reheul D.}, De Vliegher A.2, Bommelé L.* and Carlier L.?

! University of Gent, Department of Plant Production, Coupure links 653, BE-9000 Gent
2 ILVO, Plant Crop Husbandry and Environment, Burg. Van Gansberghelaan 109 box 1, BE-
9820 Merelbeke, Belgium

Abstract

An overview is given of definitions and importance of temporary and permanent grassland in
Europe. Problems and opportunities of temporary grassland in comparison with permanent
grassland are summarised for seed mixtures, dry matter yield, clover content and residual soil
nitrogen.

A good sward should never be turned down. If old swards are to be turned down the best
option is to start an arable period with the establishment of N greedy crops. If new swards are
necessary the best option is to establish them in arable land. If swards really need to be re-
established the application of a cutting regime prevents potential N leaching.

1. Introduction

When Sir Richard Weston travelled from England to Belgium in 1644 he went from one
sursprise to the next. In his “Discours of husbandrie used in Babant and Flanders”, edited in
1650 he gives his impression on the quality of the land and its management between
Dunkerque (now France) and Antwerpen. Between Dunkerque and Brugge he saw a
prosperous wealthy land, covered with wheat, barley and meadows. Half way between
Brugge and Gent, he noticed, the quality of the land became poorer. Seen from the main roads
between Gent and Antwerpen he saw very poor heathland, reminding him on his own land
back in England. In Gent he met a Dutch merchant who told him that farmers living in the
“poor” land between Gent and Antwerp were by far the richest farmers of Flanders. Weston
thaught the Dutchman was joking, but he was not. Another Dutchman introduced and brought
him to some succesful farmers where he found out the origin of the wealth. The Flemish
farmers applied a specific crop rotation when exploiting the heathland. As a first crop they
grew flax, immediately followed by turnips. The next year they installed oats, undersown with
grass-clover which they kept for up to five years. The clover was very likely red clover but
after five years evolution it was replaced spontaneously by white clover. With this crop
rotation the farmers earned more money* than those growing cereals and meadows on the
fertile sandy loam soils between Dunkerque and Brugge.

2. Definition of temporary and permanent grassland

In the EU permanent grassland is defined as follows: land used to grow grasses or other
herbaceous forage naturally (self-seeded) or through cultivation (sown) and that is not
included in the crop rotation of the holding for five years or longer (Commission Regulation
EU No 796/2004). Before the EU definition, permanent grassland was defined in vague terms.
It was an area with grass as a continuous crop for a relatively long to very long time, with or
without resowing. The EU needed a clear and simple definition of permanent grassland in the

! At that time an acre of barley had a value of 10-12 pounds, an acre of wheat 5-6 pounds, an acre of flax 40-50
pounds, an acre of grass-clover 10-12 pounds and an acre of turnips 8-10 pounds.
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framework of their subsidization policy but for some farmers it feels strange to call grassland
“permanent” when it is only 5 years of age. In official statistics about agriculture, the area of
permanent grassland is restricted to the area which is used for grazing and/or cutting, even
when the management is very extensive.

A ley is an area of land where grass is grown temporarily instead of crops (Oxford
Dictionary). Temporary grassland is a typical crop in the Atlantic part of Europa and in
southern Scandinavia. The EU definition of temporary grassland is grassland less than 5 years
of age, included in a crop rotation.

Before the EU definition, temporary grassland was defined as “sown grassland included in a
crop rotation”. Depending on the country, it lasted for a very short time or for a longer period
(Table 1). In Denmark this type of grassland is managed for about 2-4 years and in Ireland for
at least 4 years but usually for a much longer period.

In the Mediterranean area the term ‘temporary’ grassland is not in use but replaced by
‘artificial’ grassland containing wheat/ barley or some grasses due to be grazed during 1 or 2
seasons respectively.

3. Facts and figures on temporary and permanent grassland in Europe

Approximately half of the European Union’s land is farmed, highlighting the importance of
agriculture in the society. Utilised agricultural area (UAA) in EU is defined as the area taken
by arable land, permanent grassland, permanent crops (e.g. vineyards) and kitchen gardens.
Permanent grassland covers 32% of the UAA with important differences between the member
states (Table 2). France, UK and Spain have over 7 million of hectares of permanent
grassland. In the UK, Ireland and Slovenia permanent grassland covers at least 60% of the
UAA.

Eurostat and many national statistics allocate temporary grassland (<5 years) to arable land.
There is no overview of the temporary grassland area available in Eurostat. Denmark is the
only EU member state where temporary grassland covers a larger area than permanent
grassland (Table 1). In other member states no more than 10-20% of the grassland is
temporary. It is negligible in mediterranean member states as Greece, Cyprus and Malta.

According to the new EU regulations, national areas of permanent grassland should be
preserved on farm level. Should a farm turn down some of its grassland, it is compulsary to
install a new area of an equal surface, to be managed as grassland for at least 5 years.

As a consequence farmers try to limit their area of permanent grassland 1) because they fear a
devaluation of value for land covered with grass and 2) because the higher the permanent
grassland area, the lower the land use flexibility. Newly installed grassland is ploughed down
before it gets the status of permanent grassland, i.e. before it reaches 5 years of age,
irrespective of the quality of the sward.

The species used in temporary grassland strongly depend on the life span of the grassland. If
the grassland is used for no more than 2 years, usually Italian ryegrass (Lolium multiflorum
Lam.) and hybrid ryegrass (Lolium x hybridum Hausskn.) are used. In some cases these
species are combined with red clover. If the ley is lasting for a longer period, perennial
grasses, combined with white clover or lucerne are preferred as indicated in Table 1.

2 Grassland Science in Europe Vol 12



4. Why farmers renovate their grassland?

Farmers turn down a grass sward when it becomes unproductive or when its quality declines.

The main reason for the decline in yield and quality is the botanical deterioration of the sward

as a consequence of the introgression of inferior grasses and herbs.

The introgression occurs upon gap formation and gaps are formed due to abiotic and biotic

reasons as:

-severe frost, drought and flooding

-impermeable soil layers and soil compaction due to passages of heavy machinery or animal
trampling during wet periods

-inaccurate application of organic and mineral fertilizers

-heavy cuts and inaccurate stocking density

-damage by vertebrates and invertebrates or by fungal diseases

Tresholds to consider swards as inferior differ in member states as mentioned in Conijn et al.
(2002) represented in Table 3. The insufficient presence and importance of perennial ryegrass
and too high a presence of couch (Elytrigia repens (L.) Desv ex Nevski) and docks (Rumex
spp. L.) are the main reasons to plough down a grass sward.

Methods of grassland renovation are well described by Andries et al. (1983), Carlier (1988),
Carlier et al. (1998) and Conijn et al. (2002).
A standard procedure for grassland renovation:

- Spraying to kill the old sward with total herbicides e.g. glyphosate when the sward
contains couch grass is recommended

- Destruction of the old sward with rotary cutter, followed by ploughing to a depth of 20-
25 cm

- Seed bed preparation in such a way that there is a loose soil layer of approximately 2-3 cm
on top of a firm soil.

Direct seeding into the old sward is only recommended when the soil does not allow tillage

like in heavy clay, peat or shallow soils, containing a lot of stones. De Vliegher et al. (1986)

found the results of direct drilling in a sward, killed with total herbicides, in many cases very

disappointing.

In ley-arable farming, the grassland is temporary and apart from the forage production an
important function is to improve soil fertility during the arable period. Organic farming is
depending heavily on a ley-arable farming system and the area of short term grass-white
clover (Trifolium repens L.) swards is expected to grow in parallel with the rise of organic
farming

Permanent and temporary grassland: plant, environment and economy 3
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Table 1. Definition and characterisation of temporary grassland in European countries

Relative
share
Country p/T® Year® Definition permanent and temporary grassland Species in temporary grassland Source
Norway 82/18@ 1999 P 1. grassland not renovated in 10 years (official definition) Nesheim - pers. comm.
2. grassland were sown species has disappeared
Denmark 30/70 2005 P minimum 5 years (EU subsidization-rule) ryegrasses and white clover Soegaard et al. - 2002
T 2-4 years followed by arable crops Soegaard - pers. comm.
Netherlands 90/10 2000 T <6 years followed by arable crops mainly ryegrasses Schiltz et al. - 2002
Belgium 86/14 2006 T short term grass followed by arable crops Italian and hybrid ryegrass Anonymus 1986,
Ireland - T minimum 4 years grassland in rotation with arable crops perennial ryegrass + white clover Humphreys et al. 2002
UK 83/17 2003 ryegrasses Hatch et al. 2002
France 79/21 2000 T 1to 6 years before 2004, than 1-4 years (EU) Pfimlin et al.-2003
Germany 81/19 2002 P > 10 years before 2004, than minimum 5 years ryegrasses, Festuca species (+ legumes) Taube et al. 2002
T 1-4years Elsaesser - pers. comm.
Switzerland - P > 6 years used for grazing and/or cutting Walter - pers. commun.
T “Kunstwiese’ grass included in the crop rotation for at ~ grass mixturs with legumes
least one year
Poland 90/10 2003 P >12-16 years before 2004; really permanent but now Trifolium pratense L. and Medicago sativa  Stipinski - pers. comm.
resown every 5-6 years L. sometimes in combination with Dactylis
glomerata L., ryegrasses, Phleum pratense
L. and Festuca pratensis L.
T 2-4 years as a part of arable land
Hungary registration system makes no difference between P and Nagy - pers. comm.
- T, grass is not used in arable rotations
difference between natural and artificial grassland in Papanastasis and
Greece - Mediterranean zone Karacosta - pers.

natural grassland + shrub land + open forest

artificial = mainly wheat or barley for grazing, pasture
species for grazing one or more years

comm.

@: P is permanent and T is temporary grassland

@: on land possible to plough

®:year in which relative shares are reported



Table 2. Permanent Grassland in the EU, 2005

Permanent grassland area

Country
1000 ha % of total area % of Utilised
Agricultural Area

EU-25 51652 13 32
EU-15 43668 14 34
Ireland IE 3016 43 72
Slovenia Sl 304 15 60
United Kingdom UK 8885 36 60
Austria AT 1811 22 56
Luxembourg LU 68 26 52
Netherlands NL 77 21 40
Portugal PT 1507 16 40
Belgium BE 519 17 37
Latvia LV 627 10 36
France FR 9939 18 34
Lithuania LT 888 14 31
Italy IT 4399 15 30
Germany DE 4927 14 29
Spain ES 7270 14 28
Estonia EE 231 5 28
Slovak Republic  SK 525 11 27
Czech Republic CZ 844 11 24
Poland PL 3377 11 21
Hungary HU 1061 11 18
Sweden SE 314 1 10
Denmark DK 220 5 8
Finland Fl 34 0 1
Cyprus CY 1 0 1
Greece EL 0 0 0
Malta MT 0 0 0

Source: Eurostat, Agricultural Products - land use and structure of agricultural holdings
European Communities, 2007

Table 3. Definition of inferiority of a grass sward in EU member states. Taken from Conijn et al. (2002).

Member State A sward is inferior if
Belgium >15% Elytrigia repens (Er)
Ireland <40% Lolium perenne (Lp)

>30% unwanted species

>20% bare patches

>15% Rumex obtusifolius L.
The Netherlands <50% Lp

>10% Er

Permanent and temporary grassland: plant, environment and economy



5. Problems and opportunities of temporary grassland and the comparison with
permanent grassland

5.1 Introduction

Compared to permanent grassland, temporary grassland has two key critical points: (1) the
end of the grassland period when the sward is turned down and (2) the establishment of the
new sward.

The mineralization of a turned down grass sward produces a lot of nitrogen. This mineralized
nitrogen offers the opportunity to save fertilizer nitrogen and hence to cut costs and
environmental loads going along with the production of mineral nitrogen. But it takes a
greedy crop and a well balanced cropping sequence in order to prevent nitrogen leaching.

In a ley arable system, temporary grassland is established in arable land. From an agronomic
point of view, the best period to establish new grassland is during early autumn: weed
incidence is less than during spring time and the new grassland takes full advantage of the
growing peak during spring time in the next growing season. In intensive farming systems
based on grassland and forage maize, the establishment of new grassland during autumn is not
always possible because forage maize leaves the land too late. An alternative is to re-establish
grassland in turned down (temporary) grassland.

What is the best option to install temporary grassland and does temporary grassland offer
advantages compared to permanent grassland?

At the University of Gent we compared the performance of permanent grassland with the
performance of temporary grassland installed either in arable land or in grassland. Both the
arable and grassland period were either long (36 years) or short (3 years). We studied DM
yield, the evolution of the clover content, the mineralisation and the nitrogen use by the new
grassland.

In this text following abbreviations are used to indicate previous crops: A: arable land; G:
grassland; T: temporary; P: permanent. The undisturbed permanent grassland (established in
1966) is indicated as PGG. All previous grassland was grazed.

New swards were installed with a 1:1 mixture (on weight basis) of two varieties of perennial
ryegrass (Lolium perenne L.) cv ‘Roy’ and cv ‘Plenty’ and the white clover (Trifolium repens
L.) cv “Huia’ during spring 2002. “‘Roy’ is an intermediate heading tetraploid variety, ‘Plenty’
isa Ia}e heading diploid variety. Perennial ryegrass was sown at 40 kg ha™, white clover at 4
kg ha™.

Main species in the PGG sward were perennial ryegrass, rough meadowgrass (Poa trivialis
L.) and white clover with importance percentages of 37, 17 and 10% respectively.

The experimental design was a split plot design with 4 replicates. Swards were managed
under a cutting regime, simulating a grazing regime. Yearly nitrogen fertilization was 0, 100,
300 and 400 kg ha™.

Material and methods are described in detail in de PhD thesis of Lydia Bommelé (2007):
Growing potatoes and grass-clover after turned down grassland.

6 Grassland Science in Europe Vol 12



5.2 Dry matter yield

Table 4 shows the performance of the grass-clover swards. Excluding the year of
establishment following conclusions can be drawn for the periode 2003-2005 and averaged
over the 4 nitrogen dressings.

1. Arable land is a better previous crop than grassland.

2. Permanent arable land is significantly the best option.

3. The new temporary grassland installed in permanent arable land, outyielded PGG by
19%. This high difference was mainly due to the very poor performance of PGG
during the very dry summer of 2003: at 0 N and 100 N a yield penalty of 46 % in
PGG was recorded.

4. The higher the nitrogen application, the smaller the differences.

It is well know that newly established grassland has a deeper rooting pattern than old
grassland; this advantage becomes clear during dry periods under a low nitrogen management.

The superior performance of young grassland during 2003 was confirmed in a trial at ILVO,
where young swards were compared with a reference sward established in 1996. Swards were
re-established in the autumn of 1997, 1998, 1999 and 2000. All swards were grazed; the pure
grass swards were dressed with 300 kg ha™ N, the grass-white clover swards with 150 kg ha™
N. The grass swards established in 2000, 1999 and 1998 outyielded the reference sward but
differences were not significant, but the grass-clover sward established in 2000 outyielded the
reference significantly (Table 5). The swards re-established in 1999, 1998 and 1997 yielded
significantly less than the reference in 2003. Details about this trial are given in De Vliegher
and Carlier (2007) in this volume.

Permanent and temporary grassland: plant, environment and economy 7



Table 4. Dry matter yield (kg DM ha) of newly established grass-clover swards related to previous land use
(PLU) and mineral N fertilization (N). Period 2002-2005. Cutting regime: simulated grazing management

Previous Mineral N Year Mean Mean
land use fertilization 2002 2003 2004 2005 2002-2005  2003-2005
PA 0 7981 12997 10980 13193 11288 12390
100 10204 14925 11618 12339 12271 12961
300 11717 14917 16057 14387 14270 15120
400 13323 15035 18742 16493 15898 16757
Mean 10806 14469 14349 14103 13432 14307
Relative ° 80 108 107 105 100 107
TA 0 8175 11909 11222 11514 10705 11548
100 8903 11985 11867 11322 11019 11725
300 11504 13321 15481 15378 13921 14727
400 12901 13902 16652 16848 15076 15801
Mean 10371 12779 13806 13766 12680 13450
Relative 77 95 103 102 94 100
PG 0 9190 11430 10351 11057 10507 10946
100 9527 11570 10922 11478 10874 11323
300 11594 13525 14502 15420 13760 14482
400 12000 13567 15087 17257 14478 15304
Mean 10578 12523 12716 13803 12405 13014
Relative 79 93 95 103 92 97
TG 0 6289 9824 10977 11420 9628 10740
100 8212 8280 10931 10574 9499 9928
300 11252 11105 14106 13844 12577 13018
400 12117 12767 16909 17569 14841 15748
Mean 9468 10494 13231 13352 11636 12359
Relative 70 78 99 99 87 92
PGG 0 8502 6672 9570 9108 8463 8450
100 11280 8395 11139 10544 10339 10026
300 15154 12570 14455 14794 14243 13940
400 15203 13055 15607 16204 15017 14955
Mean 12535 10173 12693 12663 12016 11843
Relative 93 76 94 94 89 88
Mean 0 8078 12453 11101 12354 10997 11969
PA-TA 100 9554 13455 11743 11831 11645 12343
300 11611 14119 15769 14883 14096 14924
400 13112 14469 17697 16671 15487 16279
Mean 10589 13624 14077 13934 13056 13879
Relative 79 101 105 104 97 103
Mean 0 7740 10627 10664 11239 10068 10843
PG-TG 100 8870 9925 10927 11026 10187 10626
300 11423 12315 14304 14632 13169 13750
400 12059 13167 15998 17413 14660 15526
Mean 10023 11509 12973 13577 12021 12686
Relative 75 86 97 101 89 94
ANOVA? and Mean Comparison ”
Previous land use (PLU) ** faid ** NS i faieied
LSD between PLU 1100
Mineral N fertilization (N) w* fald w* faled ol wkx
LSD between N 768
PLU X N *%* *%* NS ** ** *%*
LSD within PLU 959 1177 1497 1009 1188
LSD otherwise 1314 1441 1532 1131 1229

®NS, not significant; ** P<0.01; *** P<0.001

®Least Significant Difference (P<0.05)
“Mean annual DM vyield (2002-2005) of PA = 100

Grassland Science in Europe Vol 12



Table 5. Dry matter yield (kg DM ha™) of grazed grass and grass-clover swards of different age during 2003,
characterized by a very dry summer. N application: 300 kg ha™* on pure grass swards, 150 kg ha™ on grass-white
clover swards.

Grassland type Sowing year Dry matter yield in 2003 Clover content in the dry
matter (%)
Pure grass 1996 100°
1997 97°
1998 106™
1999 101%
2000 118*
100= ....kg ha* 11439
Grass-white clover 1996 100° 16-51-51®
1997 89% 12-80-58
1998 72° 21-93-71
1999 85% 16-87-55
2000 109° 33-81-59
100=...kg ha™ 12639

Different letters indicate significant differences at p<0.05
@: clover content in spring- summer- autumn

5.3 Clover content

Figure 1 shows the evolution of white clover during the period 2002-2005. Data are given for
0 and 100 kg ha™ N. As expected the white clover content was very low when 300 and 400 kg
ha™ N was applied.

The establisment of grass-clover in arable land guaranteed a high clover content immediately
after establishment. Three and a half years later the clover content in swards established in
previous arable land continued to be higher than in swards established in former grassland.
Within this period, the cumulative white clover yield in PA was 3.5-4 times higher than the
clover yield in PG and TG.

Permanent and temporary grassland: plant, environment and economy 9
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Fig. 1. White clover content in the harvested forage and cumulative clover DM yield in newly established grass-clover swards related to previous land use and to mineral N
fertilization of ON and 100N. Period 2002-2005. Cutting regime: simulated grazing management. PA (solid line, closed diamond), TA (solid line, open diamond), PG (dashed
line, closed square), TG (dashed line, open square): previous land use respectively permanent and temporary arable land, permanent and temporary grazed grassland; PGG
(solid thick line, closed circle) = reference: undisturbed permanent grassland, grazed previously.



5.4 Residual mineral soil nitrogen

Figure 2 indicates that up to a N dressing of 300 kg ha™, residual mineral soil nitrogen
remains very low. During the year of establisment the highest values were found in swards
installed in previous grassland which is no surprise. From the first full harvest year on, the
highest values were found in the PGG sward.

Again arable land as a previous crop offers the best garantuee for low residual mineral soil
nitrogen.
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Fig. 2. Residual mineral soil N (kg NOs-N ha*; 0-90 cm) in newly established grass-clover swards related to
previous land use and mineral N fertilization. Period 2002-2005. Cutting regime: simulated grazing
management.PA, TA, PG, TG: previous land use respectively permanent and temporary arable land, permanent
and temporary grazed grassland; PGG=reference: undisturbed permanent grassland, grazed previously. CL =
critical level of residual soil NOs-N within the soil profile 0 - 90 cm.

5.5 Can temporary grassland take advantage of plant breeding?

The mean white clover share in new plots dressed with 300 kg ha™ N and 400 kg ha™* N was
6% versus 8% in PGG. Differences in performance are unlikely due to a difference in clover
share. Data presented in Table 4 allow calculating an overyears DM yield benefit of 5% for
the new swards compared to the 36 years old PGG sward (data averaged over PA, TA, PG,
TG dressed with 300 kg ha® N and 400 kg ha™ N). Although it is substantial, this yield
benefit is surprisingly low, if one knows that the PGG sward, established in 1966, was sown
with a seed mixture of white clover and grasses: both perennial rygrass and less productive
grass species as meadow fescue (Festuca pratensis L.), smooth meadow grass (Poa pratensis
L.), cocksfoot (Dactylis glomerata L.) and white clover. The PGG sward had been grazed
untill 2002. Nevens en Reheul (2003) found similar results under a grazing regime.

Permanent and temporary grassland: plant, environment and economy 11



Based on data form the Dutch and Belgian National List trials, Van Wijk and Reheul (1990)
calculated an annual progress in DM vyield in ryegrasses of 0.5%. Extrapolating these data,
one should expect a yield benefit between 1966 and 2002 of about 15-20%.

The Belgian National List trials are unique in Europa since they include continuously (from
1963 on until 2007) the same reference varieties: “Vigor’ in the group of late perennial
ryegrasses and ‘Lemtal’ in Italian ryegrass. Chaves et al. (in preparation) calculated a
significant (P< 0.001) yearly DM increase of 0.32% in late perennial ryegrass, with the
highest progress (0.36% per year) between 1966 and 1994 and almost no progress after 1994.
Apparently, an old permanent grazed grass sward, is more productive than predicted from the
National List trials, managed under a cutting regime.

5.6 The components of new grass swards: species and/or variety mixtures or single
varieties?

De Vliegher and Carlier (2002) compared species and variety mixtures with their single
components during 3 years after the year of sowing (Table 6). Rarely the mixtures outyielded
the most productive component and for persistence and disease resistance mixtures were
always within the range of the single components. Earlier, Reheul (onpublished data), tested
many combinations of 2-3 presumed complementary perennial ryegrass varieties and
combinations of perennial ryegrass and timothy varieties during many years and came to the
same conclusion: a mixture almost never outyields its most productive component. Although
it is unlikely that mixtures offer a yield bonus, there may other reasons to prefer mixtures to
establish (temporary) grassland as complementary disease resistances, palatability and
persistence.

Table 6. Dry matter yield of mixtures and their components (species and varieties)
(De Vliegher and Carlier L. 2002)

mixture DM-yield of the mixture and its components
number clover meadow perennial ryegrass and timothy
fescue
1 99,1 100,0 100,4 1054
2 928 946 99,6 100,2 1004 103,0 1054
3 95,9 97,0 99,3 100,4 100,5 1054
10 64,5 94,6 99,3 100,4 101,3 102,7 1054
13 99,3 101,3 103,55 1039 1054
16 94,8 100,0 100,4 101,2 101,9
17 64,5 94,8 99,3 1004 101,3 1016 101,9 103,5 1054
19 97,0 99,3 1004 101,2 101,3 105,8
20 64,5 94,8 99,1 99,3 100,4 100,0 101,3 103,0
22 946 97,8 100,2 1054
100=the mean of all the treatments of the experiment
LSD P 0,05 =3,2
Conclusion

It is our opinion that a good grass sward should never be turned down. The idea to take
advantage of genetic improvement of varieties can not be the first argument to give up an old
sward with a good botanical composition. If new swards are necessary, the best option is to
establish them in arable land, since arable land as previous land use offers the highest yields;
the longer the arable period the better. Arable crops as previous crops guarantee a good
establisment of white clover and this benefit lasts for years. If old swards are to be turned
down, the best option is to start an arable period with the establishment of N greedy crops. If
swards really need to be re-established, the application of a cutting regime prevents potential
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Ieachi?g of mineralized nitrogen, provided the yearly N application does not exceed 300 (400)
kg ha™.
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Abstract

Grassland covers one third to one half of agricultural land in countries of South-eastern and
Central Europe. It extends from lowland to mountain areas and is a natural part of the
agricultural landscape. The main traditional purpose of grassland management was to secure
enough pasture for grazing herbivores and sufficient hay for winter feeding. The winter can be
rather long in Central European countries, often lasting from November to May.

In the last century emphasis was placed on the environmental and socio-economical aspects
of grassland management and utilisation.

The combination of different soils, altitudes and other ecological conditions makes grassland
important from the viewpoint of ecological stability and biodiversity. Grassland and forest are
very often adjacent in water protected areas as many springs are mainly in mountain regions.
Therefore environmental restrictions are placed on grassland farming in water protected areas.
Taking account of such conditions, it is important to adopt a strategy to utilise the natural
production potential at low inputs of energy. However, the changing configuration of terrain
and alternation of forest and grassland with narrow strips of arable land make mountain
regions very interesting and highly appreciated from the view-point of landscape and
biodiversity.

Keywords: natural grassland, climatic conditions, quality, management
Introduction

Seminatural grasslands are the biggest natural resource of forage for herbivores. On a world
scale they are estimated at over 117 m km? and in each country or region they are closely
related to the style of living and traditions of rural population engaged in livestock
production. Today meadows and pastures are considered not only as a source of grazing and
hay for herbivores, but they also play a multifunctional ecological and social-economic role,
forming an ecosystem providing habitats for flora and fauna. Grasslands as a part of the
environment interact with other environmental processes e.g. climate change (Kemp and
Michalk, 2005). In some cases grassland is managed to decrease fire incidents. They are
crossed by tourist routes and so as they are a component of landscape they must be
maintained to provide a pleasing appearance. So grasslands are an object of particular
attention by the part of society that regulates their utilisation and conservation for the coming
generations (EU Directive 92/43 on the conservation of natural habitats and wild fauna and
flora).
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Climatic background

The area of seminatural grasslands in South-eastern and Central Europe is given in Table 1.
They cover a large part of the agricultural land in Balkan countries and up to one third of
agricultural land in Central European countries.

Table 1. Grassland in some South-eastern and Central European countries

Country Grasslands, ha % of agricultural land,
Bulgaria 1780,121 28 %
Greece 5715,018 43 %
Macedonia 817,000 58 %
Serbia 1 600,000 38 %
Romania 4 926,000 34 %
Poland 3270,000 20 %
Czech Republic 968,000 23 %
Slovakia 795,000 33%

Their use as a forage and species diversity depend on climatic and soil characteristics of the
region. The greatest part of Europe is situated at moderate latitudes, with only the most
southern regions in subtropical latitudes. The prevailing transfer of air masses from west
(Atlantic Ocean) to east determines the relatively homogenous, but more continental climate
in central Europe in comparison with Western Europe.

The continental character of the climate of the Balkan Peninsula is alleviated by the influence
of the Black Sea on the east, the Mediterranean Sea on the south and the Adriatic Sea on the
south-east. The climate on the Balkans has four pronounced seasons. The average January
temperature, for instance in Bulgaria, is about zero (from -2 to +2°C, dropping to -10°C in the
mountains), the average July temperature is 19-25°C (10°C in the mountains), the annual
rainfall is 450-600 mm and up to 1300 mm in the mountains. The rainfall during the period of
active vegetation from April to September is 200 to 400 mm. The climate in the southern part
of the Balkans, i.e. in Greece, is Mediterranean characterised by a warm and humid winter
and hot and dry summer. The extreme temperatures in winter and summer, and particularly
the drought in summer are the main stress factors for the local vegetation adapted to these
climatic conditions.

Central Europe climate is temperate, determined mostly by air masses coming from North
Atlantic and from the region of the Azores but sometimes by continental air masses from over
south-east Asia. This results in great variability in weather, both seasonal and between years.
Mean air temperatures in summer vary from 16.5°C to 19°C, and in winter from 0 to -5 C°.
Average annual precipitation is 600 mm (450-750 mm on lowlands and higher on mountains
1.6.1200-1550 mm per year). Climatic conditions during the growing season are typical for the
temperature zone, although wide differences may occur between regions. Generally there
conditions for grassland production are poor because of low rainfall in summer, especially in
lowland areas.

Botanical characteristics of grassland

Semi-natural grasslands are important sources of animal feed and occupy 20-50% of
agricultural land in the countries of the Balkan Peninsula (Kirilov et al., 2006). Many of the
pastures are situated in mountain regions and animal output depends on forage yield and
quality. In these areas the soil is poor and cultivation is difficult. So grasslands play a double
role, i.e. as a source of forage and provide protection from soil erosion.

In Bulgaria grasslands occupy 22.5% of agricultural land and meadows 6% of cultivated land
(Kirilov and Todorova, 2004). Most of these areas (over 60%) are situated in the foothill and
mountain regions of the country on steep terrain. In the mountain grasslands in Bulgaria about
50-60 grass species account for 50-90% of the sward, nearly 30-40 legumes account for 5-
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10% and 150 others species account for the remainder (Lingorski and Petrov, 2001).
Grassland types of meadows and pastures in the foothill up to 700m are mainly of beardgrass
(Andropogon spp.) the yield of which is estimated at 2000-2500 kg/ha, in the mountains
extending from 300 to 1800 m they are of common bent. (Agrostis spp.) with a yield of 1500-
200 kg/ha and in the high mountain at 900-2000 m they are of matgrass type (Nardus stricta)
with a yield of 2000-3000 kg hay per hectare.

In Serbia the grasslands are estimated to occupy about 1 600 000 ha, i.e. 28% of total
agricultural land. They are rich in floristic composition and contain more than 100 species but
their productivity ranges from 0.57-2.05 t ha™ (Stosic et al., 1999).

In Greece range-lands occupy 40% of the area of the country and are mainly used for grazing
by sheep and goats (Papanastasis, 1999; Papanastasis et al., 2006). Grasslands are dominated
by perennial C,; species such as Hyparrhenia hirta, Dichanthium ischaemum and
Chrysopogon gryllus and Cj grasses as Festuca spp., Bromus spp., Brachypodium spp.,
Alopecurus spp., etc. (Papanastasis, 1999). Altitude has a great influence on species
composition of grasslands, but the soil depth determines the dominant species (Papanastasis
et al. 2003). The presence of C4 plants, having a higher efficiency of solar conversion than C3
plants, is explained by their higher water use efficiency than C3 species (Brown and Simmons,
1979) and their resistance to drought and high temperatures (Snaydon, 1991). The plants of C,4
group are distributed throughout the regions of low rainfall which is characteristic of the
southern Balkans. In Northern Greece (40° 47’ N) at altitudes up to 400-500 m C,4 plants are
the dominant species , while at higher altitudes dominant grasses are C3 plants (Papanastasis
et al., 2003). However, forage quality of C4 plant species is lower than that of Cz plants
(Akin, 1989).

In Romania grasslands occupy 34% of agricultural land. The pastures from the alpine area
over 1600 m a. s. |. occupy 200 000 ha, dominated by Nardus stricta that has a very low
forage value (Marusca et al., 1999). Other pastures are of good quality owing to
predominance of medium tall grasses with good nutritive value, such as Festuca pratensis,
Lolium perenne, Poa pratensis, Cynosurus cristatus, Agrostis capillaris, Festuca rubra,
Agrostis rupestris, Festuca ovina etc. (Razec, personal communication).

In Romania there are 4.9 million ha of grasslands comprising 3.4 millions ha of pastures and
1.5 millions ha of hay meadows.
The most productive grasslands are in the hill and mountain areas (Tables 2 and 3).
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Table 2. The main vegetation types in Romania and their zonation

No Zone and/or level of Main vegetation types Area DM production
vegetation (“000 ha) (tha?
1 Steppe zone 1. Fest_uca valg5|aca — Stipa ucrainica 140 06-0.7
2.Botriochloa ischaemum
2 Silvosteppe zone 1.Festuca valesiaca — Medicago falcata 0.8-1-0
2.Stipa capillata 350 '
3.Poa bulbosa — Artemisia austriaca
3 Nemoral zone 1.Festuca rupicola — Carex humilis
2.Festuca rupicola — Agrostis capillaris 550 1.0-3.0
3.Festuca valesiaca — Festuca rupicola
4 Nemoral level 1. Agrostis capillaris — Festuca rupicola
2. Agr(_)stls capillaris - Fe_stuca rubra 2760 20-4.0
3. Lollium perene — Trifolium repens
4. Alopecurus pratensis
5 Boreal zone level 1. Festuca rubra
2. Nardus stricta 1000 2.0-3.0
3. Poa pratensis
6 Subalpine level 1.Festuca ovina
2.Festuca rubra — Nardus stricta 60 0.5-1.0
7 Alpine level 1.Carex curvulla
Juncus trifidus — Agrostis rupestris 40 0.3-0.6
Total 4900

The majority of grasslands (52%) are private and common grasslands represent 44% (owned
by local councils of villages, towns, etc.), Ownership influencing the utilisation and
production of grassland.

Table 3. Vegetation cover in the Romanian Carpathians

No Altitude Ligneous vegetation  Dominate Dominate soil ~ Areas  occupied
(m) herbaceous by grassland (ha)
vegetation
1 600-800 Storey of deciduous Agrostis capillaris Luvic-Brown 1 600, 000
forests (nemoral) with  hygrophilous Albic-
species Luvisoils
Acid Brown
2 700-1500 Storey of spruce Festuca rubra ssp. Ferrilluvic 1000, 000
forests (boreal) commutata Brown
3 1400-2000 Storey of dwarf Festuca ovina ssp. Iron-Humus 60, 000 - 80, 000
stone pine groves sudetica Podzols
(subalpine)
4 >2000 Storey of alpine Carex curvula Humic-Silicate 46, 000
grasslands Juncus trifidus

An area of 1 955,000 ha (40%) of grassland is not restricted by natural limitations and so
forage production could be increased with low input and the application of technology. An
area of 351,000 ha (7%) in the mountains is covered with gravel, detritus and rocks and sp
does not support forage production. About 1180,000 ha of grassland (24%) is endangered by
earth-slide and erosion and on 855,000 ha grassland (17%) soil acidity restricts DM
production.

In countries such as Bosnia and Herzegovina in which hills and mountains prevail, pastures
occupy more than half (54%) of total agricultural land and are the main source of forage for
sheep and cattle, but yields are low ( Alibegovic-Grbic and Custovic, 2002).

Botanical characteristics and potential production of Slovak Grassland is given in Table 4.
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Table 4. Survey of the most important semi-natural grassland types in the mountain and sub-mountain regions

of Slovakia (Kraj¢ovic, 1999)

Grassland types

Natural production
Potential (t ha™ hay)

Phytosociological units

A. Grasslands at the wet and moisture sites
1. Flooded meadows
2. Alternate wet-dry meadows

3. Wet meadows on the constantly wet soils
4. Moorland and swamps

5. High sedges and grasses

B. Grasslands at the poor sites
6. Xerophilous and subxerophilous grassland
with narrow-leaved fescues

7. Matgrass grassland (middle and higher
altitude)

C. Grasslands at the better sites
8. Thermophilous grassland with
Bromus erectus
9. Common bent grassland

D. Grasslands at the fertile sites
10. Ryegrass pastures
11. Oat grass meadows
12. Mountain yellow oats grassland
E. Grasslands at the alpine and subalpine
region
13. Matgrass grassland (high altitude)
14. Grassland on acidic soil
15. Grassland on calcareous soil
16. Tall grass grasslands at high altitude

F. Grasslands of the over-utilized sites
17. Nitrophilous grassland of the folded and
over-grazed pastures

18. Nitrophilous grassland of the over-

manured meadows ( by slurry or urine)
G. Grasslands of the abandoned or partly

abandoned sites

19. Mesophilous grassland overgrown by
spreading tall grasses and herbs

20. Wet meadows overgrown by tall herbs,

grasses and sedges

21. Abandoned grasslands overgrown by
trees and shrubs

Alopecurion 4.0-75
Molion 1.5-4.0
Agrostion

Stoloniferae 1.5-25
Calthion 0.5-56.5
Caricion fuscae, Caricion davallianae,
Cariciondemissae

Caricion gracilis, Magnocaricion 4.0-10.0
elatae, Phalaridion arundinaceae
Koelerio-Phleion phleoides, Asplenio- 0.5-2.5
Festucion glaucae, Seslerio-Festucion
pallescentis

Nardo-Agrostion tenuis, Violion 0.5-2.0
caninae

Bromion erecti 1.5-3.0
Cirsio-Brachypodion pinnati, 1.5-3.0
Polygalo-Cynosurenion

Festuco-Cynosurenion 1.5-35
Arrhenatherion 5.0-6.0
Polygono-Trisetion 1.5-5.0
Nardion strictae 0.7-2.2
Juncion trifidi

Poion alpinae, Seslerion tatrae 1.5-35

Festucion carpaticae, Calamagrostion
arundinaceae, Calamagrostion vilosae

Rumicion alpini et obtusifolii, Agropyro- -
Rumicion crispi, Untica dioica,

Cirsium sp.

Geranium sp., Anthriscus -
sylvestris, Heracleum sphondylium
Brachypodium pinnatum,
Avanula  planiculmis,
epigeios, Trollius
Deschampsia caespitosa
Felipendula ulmaria, Mentha longifolia,
Trollius altissimus, Deschampsia
caespitosa, Juncus effusus

Corylus avallana, Prunus spinosa,
Juniperus communis, Picea abies, Salix
sp., Alnus sp., Rubus sp.

Calamagrostis 1.3-6.0
altissimus,

Mountain regions typically are combinations of forests, meadows and pastures. Arable land
occupies only a small proportion of the area. Types of soils vary from low (intra-montane
hollows) to sub-alpine and alpine altitudes. This combination of different soils, altitudes and
other ecological conditions makes grassland important from the viewpoint of ecological
stability and biodiversity. Grassland and forest are very often adjacent in water protected
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areas as many springs are mainly in the mountains. Therefore environmental restrictions are
imposed on grassland farming in water protected areas. So it is important to adopt a strategy
to utilise the natural production potential at low inputs of energy. However, the changing
configuration of terrain and alternation of forest and grassland with narrow strips of arable
land make mountain regions very interesting and highly appreciated from the view-point of
landscape and biodiversity.

Anyway, one of a great problem in Slovakia, but also in other central European countries, is
under utilisation of grassland, its self-afforestation and later abandonment.

Under-utilisation and/or abandonment of grassland in the Kremnické Vrchy Mountains
(central Slovakia) have led to the natural self-afforestation of 12.22% of its area and in the
near future can achieve 30% of the total area, if the measures of appropriate management are
not considered (Uhliarova et al 2005).

Grassland communities exist just as well in a fertile as in an extremely poor soil. They occupy
boggy soil and dry sites. They are located in river valleys and in high mountains. Therefore
this range is the basis of classification of Polish grasslands (Grzyb and Pronczuk, 1995) that is
partly presented in the Table 5 (Stypinski et al., 2006).

Table 5. The representative plant communities and production potential of different grassland habitats in Poland
( Grzyb and Pronczuk 1995)

Type of meadows Plant communities DM production potential (t ha™)
Actual Possible
Marshy meadows all. Arrhenatherion Br-BI 3.0-4.0 6.0-10.0
all Cynosurion R.Tx
0. Arrhenatheretalia Pawt. 4.0-5.0 6.0-11.0
all.Phragmition Koch 3.5-10.0 6.0-12.0
all.Magnocaricion Koch 3.0-35 3.0-35
Dry meadows cl. Nardetalia or Festuco- 1.0-1.5 50-7.0
brometea
cl. Molinio-Arhenatherea 1.5-2.5 6.0 -10.0
R, Tx
all.Calthion R.RTx 2.0-25 4.0-6.0
0. Arhenatheretalia Pawt 3.0-35 6.0 -10.0
Muck meadows cl. Molinio-Arhenatheretea 15-2.0 6.0-9.0
com.Phalaridetum 2.0-35 7.0-11.0
arundinaceae
Swampy meadows cl Scheuzerio-Caricetea 1.0-2.0 1.0-20
fuscae Nordh
all.Eriophorum grac. Nordh.  1,0-2.0 1.0-2.0
all. Magnocaricion Koch 2.0-3.0 2.0-3.0

In this system natural, permanent grasslands in Poland are divided into three typological
groups: flooded meadows (marshy meadows), dry meadows and boggy and post-boggy
meadows (swamps meadows). A separate classification has been developed for mountain
grasslands but it should be emphasised that grassland associations in the mountains are mostly
anthropogenic resulting from replacement of forests. Some parts of mountain grassland are
very rich in plant species, requiring some special active protection as lack of grazing could be
one of the reasons for strong pasture degradation. For agricultural use dry meadows and
pastures are the most important but for environmental purposes wet grasslands on flooded
river valleys or in high mountains are much more valuable. Semi-natural grass ecosystems
constitute a substantial part of natural habitats that build the I Annex of Habitat Directive.
Many different grassland functions (natural, social, economic etc.) make them suitable for
playing a very important role in establishing sustainable development which is essential for
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the Nature 2000 network. In Poland 20 of such ecosystems exist, but some research suggests
that the register of valuable grassland ecosystems in Poland is incomplete (Mr6z and
Perzanowska, 2003).

Nowadays researchers stress that plant communities (or whole ecosystems) rather than single
species should be protected (Mr6z and Perzanowska, 2003). The origin of Polish grasslands
determines the ways of the protection. It is commonly considered that the best way is
extensification (grazing, mowing) (Perzanowska and Mréz, 2003; Stypinski and Grobelna,
2000). Active protection prevents spontaneous succession and, consequently, protects plant
communities and species that are at risk of extinction. These goals could be achieved by
imposing an appropriate utilisation for each ecosystem.

Grassland management

The climatic conditions in southern Europe, as compared to those in Central and Northern
Europe do not favour uniform growth of grasses during the growing season. The yield of
grass in countries such as Italy is highest during primary growth and accounting for up to 2/3
of annual yield, while in Finland the yield from the spring growth is 30% of the annual yield
(Peeters and Kopec, 1996). The uneven growth and yield of grasses during the growing
season is reflected on the systems in which they are used, including grazing after harvesting
or growing forage crops (Kirilov et al., 2006, Wilkins and Kirilov, 2003).

The characteristics of the system in which meadows and pastures are used in the Balkans
depends on the farm structure. In Balkan countries most of the grassland is municipal or state
landy that is used by all animal owners without any control of stocking rate, duration of
grazing, fertilisation and cutting rejected areas etc. Sometimes the owners of grazing animals
pay token grazing fees for use of the pasture but are not sufficient to improve and increase
forage yield and quality. These reasons, together with the climatic characteristics of the
region, explain the low yields. In the mountain regions, grasslands are the main and only
forage resource. They are mainly used extensively for grazing and hay making for winter.
Hay made by hand, particularly on steep slopes, together with straw, maize stalks and other
crop by-products are the basis of feeding most ruminants in winter (Wilkins and Kirilov,
2003). Making haylage in large bales is still not yet widespread. The use of the pastures is
related to the number of ruminants, sheep and cattle. The main problem in the last one or two
decades is the decrease in sheep and cattle numbers in some countries on the Balkans (Table
6), which results in complete abandonment of grassland (both large and small areas).

Table 6. Livestock numbers in Bulgaria

1985 1990 1995 2000 2005
Total cattle 1,751 1,575 638 682 672
Sheep 10,500 8,130 3,398 2,549 1,693
Goats 473 432 795 1,046 718

Source: Statistical yearbook, National Statistical Institute, Sofia, 2005

Absence of grazing results in growth of weeds species, shrubs and trees. In the mountain
pastures of Bulgaria area of bracken invasion is increasing by 1 to 3% every year (Lingorski
and Petrov, 2001).

In recent years there has also been a decline in material and financial resources to improve
grassland management and utilisation in Romania.

Changes in animal numbers in Slovakia are shown in Table 7. It is clear that numbers of
animals (potential grazers) have decreased considerably since 1990 and thus about one quarter
(approximately 200, 000ha) of seminatural grassland is not fully utilised.
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Table 7. Evolution of cattle and sheep numbers in Slovakia (heads)

Year 1990 2000 2002 2004

Cattle (total) 1 563,000 646,000 608,000 540,000
Dairy cows 579,000 274,000 260,000 232,000
Sheep 600,000 348,000 316,000 321,000

Source: Statistical Yearbook, Bratislava, 1990, 2000, 2002, 2004

In contrast to Bulgaria, the large number of sheep and goats in some regions of Greece results
in abuse of pastures — usually overgrazed with serious consequences to their productivity and
persistence (Papanastasis, 1999).

Grassland forage quality

Animal productivity depends on forage nutritive value or quality. Quality includes many
forage characteristics, such as chemical composition, content of energy and protein,
digestibility, intake etc. Composition and nutritive value of forages grasses change during the
growth period with a tendency to decrease throughout the growing season (Todorova and
Kirilov, 2002). The degree of decrease in nutritive value depends on the dominant species in
grassland swards. The quality of different grass depends on their on their evolutionary stage.
The warm season grasses have a higher content of cell wall (NDF), which has low
digestibility (Buxton et al.,1995) and accumulate less non-structural carbohydrates -
fructosans (Chatterton et al., 1988), which have high digestibility. Grasses, such as Festuca
arundinacea Schreb., Bromus inermis Leyss, Agropiron cristatum Schreb., Eragrostis curvala
Nees have a higher content of cell wals and lignin and lower digestibility than, for instance,
that of ryegrass Lolium perenne L ( Naydenova et al., 2003), but they are better adapted to the
climate on the Balkans. Ryegrass is better adapted to a cooler humid climate (Nelson and
Moser, 1994), such as that in Western Europe. Increasing temperature which impacts on plant
growth and development reduces plant digestibility (Buxton et al.,1995). The forages grasses
from hot climatic regions have lower digestibility and quality than those from cooler climates
and this determines the species and productivity of grazing animal. So sheep and goats are
predominant Southern European countries as they are better adapted to the available forage
resources and climatic conditions of that region (Kirilov et al., 2006).

Forage quality can be estimated using the so-called Forage Quality Index (Kirilov, 2000).
This estimation is based on intake of forage and content of net or other energy, depending on
the system adopted to estimate forage energy value. The Quality Index represents the relation
between energy quantity ingested by the animal and that required for maintenance when fed
ad libitum. The Quality Index can be used to compare nutritive qualities of forages for
ruminants.

Forage quality is measured not only by the quantity, but also by the quality of the animal
output produced. Grazing has a positive influence on the quality of milk and milk products.
Milk and meat from ruminants are are included in the few sources of polyunsaturated fatty
acids in human nutrition which are related to decrease in cardio-vascular disease and cancers
(Willett, 1997). In recent studies it has been found that there is a positive relationship between
the concentration of conjugated linoleic acid (CLA) in milk and the proportion of grazing or
fresh forage in diet of dairy cows (Ward et al., 2003; Elgersma et al., 2006). Content of fatty
acids, including polyunsaturated fatty acids and especially a-linolenic acid which is a source
of CLA, changes in natural swards during the growing season and that leads to changes in
their content in sheep milk (Mihailova et al., 2003). The total amount of polyunsaturated fatty
acid in the mountain pastures is highest in May-June and decreases thereafter (Odzhakova et
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al., 2005). Grasses differ in their content of fatty acids and through breeding and management
their composition can be changed in ruminant products (Dewhurst et al., 2001).

Mineral content in pastures depends on the age of the sward and mineral content in soil. It
was found that selenium level is higher in pastures near rivers and decreases with increase in
altitude from 400 to 800 m (Petrova et al., 2000). The low selenium concentration in the grass
of mountain pastures does not meet sheep requirements and results in decrease in their
fertility Addition to selenium in sheep rations reduced the number of barren ewes and lamb
mortality 2-3 times (Petrova et al., 2000).

Grassland and environmental value

The significant ecological role of meadows and pastures is emphasised in many publications.
Also many authors focus on a large number of factors that endanger semi-natural grasslands
(Zatuski, 2002; Stypinski and Grobelna, 2000; Stypinski and Piotrowska, 1997, Twardy et al.
2006). A few, such as flooding, erosion and succession are natural processes. However, the
main reasons for grassland transformation are human influences (i.e. abandonment, diverting
water, burning, eutrophication). Elimination of these influences is one of the most important
tasks required to maintain and protect grassland biodiversity in Poland (Perzanowska and
Mréz, 2003).

The Agenda 2000 package which was adopted for the period 200-2006 changed the basic
rules of Common Agricultural Policy of EU. The present goals of CAP could be defined as:
competitiveness in the agricultural sector, environmentally friendly production of good
quality products, a fair standard of living for farmers, income stability and simplicity in
agricultural policy (Cropper and Del Pozo-Ramos, 2006). Implications of CAP reform are
also very important for grassland production which is likely to be oriented more towards
environmental security than towards agricultural intensity. In Poland, as in other counties
especially in Central Europe, grasslands have the highest environmental value in agricultural
systems and the existence of various types of grassland must be preserved (Rychnovska and
Parente,1997). The ecological role of Polish grasslands is appreciated by many people, not
only agronomists or grassland researchers. It is known that grasslands play an important role
in water balance, in landscape planning; they are also very important in climate change and
environmental conservation (as a habitat of rare animal and plant species). Ecologists
underline the role of grassland biodiversity, the positive impact of large green areas on human
psychological health and even in inspiring art and culture. Also citizens living in large built-
up areas need lovely, varied landscapes and places for leisure and recreation (Koztowski and
Stypinski, 1997).

Perspectives

As can be seen, it is not possible to treat grasslands only as a source of forage and hay for
animals. Probably in future the role of grassland in intensive milk production will decline but
possibilities for grassland are good for beef and sheep production in the mountains. At present
grasslands fulfil many different functions in the environment and their biodiversity provides
them with an additional advantage. Though production potential of grassland can be increased
by about 50%, increase in yield is of declining importance (it is of course possible to do so by
improvement in grassland management and fertilisation) but use of grasslands under low
input conditions to maintain their productivity and their role in the countryside is gaining
increasing importance. It is also very important to maintain grasslands’ stability and preserve
grassland habitats and communities of rare plant. It needs special support from government
and the introduction and implementation of some agri-environmental agreements.
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Conclusion

The tendency to reduce sheep and cattle numbers in many countries in the Balkans and
Central Europe poses the serious problem of grassland utilisation and maintenance in these
countries. In some regions it is necessary to increase the number of animals to graze and
maintain pastures. However, in some cases extensification could play a positive role in
creating greater biodiversity, a conservation aim for the future generations. In South-eastern
and Central European countries the inclusion of areas as habitats of rare grasses and birds, in
the European Ecological Network Natura 2000, resulted in a clash of interests between
society on the one hand and the owners of land and forests in the protected territories on the
other. The lack of sufficient information and agreements between society and owners is a
problem to be solved by politicians and legislative authorities.

References

Akin D. E. (1989) Histological and physical factors affecting digestibility of forages. Agronomy Journal, 81, 17-
25.

Alibegovic-Grbic S. and Custovic H. (2002) Some measurement in changing botanical composition and
increasing of biodiversity on grasslands. In: Multi-function grasslands. Durand J.L., Emile J.C., Huyghe C. and
Lemaire G. (eds.) Grassland science in Europe, 754-755.

Brown R. H. and Simmons R. E. (1979) Photosynthesis of grass species differing in CO, fixation pathways. I.
Water-use efficiency. Crop Science, 19, 375-379.

Buxton D.R., Martens D.R. and Moore K.J. (1995) Forage quality for ruminants: plant and animal
considerations. Proc. Animal science, 11-121.

Cardasol V., Ciubotariu C. and Popovici D. (1997) Research and results concerning the utilisation of the
permanent pastures in Romania, Anniversary vol. ,,50 years of Research in the field of Forage Crops”, ICPCP
Brasov, Romania.

Cropper R., Del Pozo-Ramos M. (2006) Impacts of CAP reforms on animal production systems Grassland
Science in Europe, 11, 615-623.

Dewhurst R.J., Scollan N.D., Youell S.J., Tweed J.K.S.and Humphreys M.O. (2001) Influence of species,
cutting date and cutting interval on the fatty acid composition of grasses, Grass and Forage Science, 56, 68-74.
Elgersma A., Wever A.C.and Nalgcez-Tarwacka T. (2006) Grazing versus indoor feeding: effects on milk
quality. In: Loveras J., Gonzalez-Rodriguez A., Vazquez-Yaiiez O., Piieiro J., Santamaria O., Olea L.and
Poblaciones M.J. (eds.)Sustainable Grassland Productivity, Grassland Science in Europe |, 11, 419-427.

Grzyb S., Pronczuk J. (1995) Podziat i waloryzacja siedlisk takowych oraz ocena ich potencjatu produkcyjnego.
IMUZ.

Chatterton N.J. et al. (1988) Chatterton N. J., Harrison P. A., Bennett J. H. and Asay K.H. (1989) Carbohydrate
partitioning in 185 accessions of Gramineae grown under warm and cool temperatures. Journal Plant
Physiology, 134, 169-179.

Kasperczyk M., Szewczyk W. (2006) Polish grassland farming after joining the European Union. In; Grassland
— part of mountain agriculture and landscape . Proceedings of the Conference 27-28 September, GMARI,
Banska Bystrica, 28 -32.

Kemp D.R. and Michalk D.L. (2005) Grasslands for production and environment. In: Grassland: a global
resource. Ed. D.A. McGilloway. Proceedings of 20" IGC, Dublin 26 June-1 July 2005, 183-208.

Kirilov A. (2000) Estimation of yield according to forage quality. In: Grassland science in Europe, vol. 5, eds.
Soegaard K., Ohlsson C., Sehested J., Hutchings N.J. and Kristensen T, 163-165.

Kirilov A. and Todorova P. (2004) Development of forage areas and forage resources in Bulgaria during the
period of transition. In: Luscher et al. (eds.), Land Use Systems in Grassland Dominated Regions., Grassland
Science in Europe, vol.9, 855-857.

Kirilov A., Porqueddu C., Razec I. and Pacinovski N. (2006) Forage resources for sheep on the Balkans and in
the Mediterranean region. Proceedings, Sheep Production in Europe: State and Perspectives. Workshop, 7-8-
September 2006, Pleven Bulgaria (in press).

Kozlowski S., Stypinski P. (1997) The grassland In Poland In the past, present and future Grassland Science in
Europe, 2, 19-29.

Krajéovi¢ V. (1999) Low-input grassland production systems for livestock feeding. Final report for Food and
Agricultue Organisation of the United Nations. Banska Bystrica, 133.

Lingorski V. and Petrov P. (2001) Grassland forage production and grazing in the mountain region of Bulgaria —
current situation and major issues. Journal of Mountain Agriculture on the Balkans, 4, (4-5), 263-276.

24 Grassland Science in Europe Vol 12



Main Statistical Office (2005) (Rocznik Statystyczny GUS Warszawa ).

Marusca T., Neagu M. and Mocanu V. (1999) Strategies of Mountain Agriculture on the Balkans, 2, (1), 67-
73.

Mihailova G., Odjakova T., Moekel P., Jareis G. and Kafrdjiev V. (2003) Dynamics of the fatty acids contents
in milk throughout the grazing season of sheep. Journal of Mountain Agriculture on the Balkans, 5, 455-471.
Mroz W. and Perzanowska J. (2003) Siedliska przyrodnicze — nowy przedmiot ochrony. In Ekologiczna sie¢
Natura 2000. Problem czy szansa. Instytut Ochrony PAN, Krakéw. Makomska-Juchiewicz M., Tworek S. (eds ),
67-78.

Naydenova Y., Pavlov D., Katova A. and Day P. (2003) Estimation of chemical composition and digestibility
of perennial grasses by regression equations. In: Kirilov A., Todorov N. and Katerob I. Optimal forage systems
for animal production and the environment. (eds) Grassland Science in Europe, 8, 211-214.

Nelson C.J. and Moser L.E. (1994) Plant factors affecting forage quality. In: Forage quality, Evaluation, and
Utilisation, (Ed.) Gearge C, Fahey, Jr. Madison, Wisconsin, USA, 115-154.

Odzhakova Ts., Mihaylova G. and Kafedzhiev V. (2005) Journal of Mountain Agriculture on the Balkans, 8,
5, 620-631.

Papanastasis V. and Mansat P. (1996) Grasslands and related forage resources in Mediterranean areas. Proc. of
16th EGF Meeting, Grado (Gorizia), Italy, September 15-19, 47-57.

Papanastasis V. P. (1999) Grasslands and woody plants in Europe with special reference to Greece. In: Grassland
and Woody Plants in Europe. Papanastasis V.P., FrameJ., Nastis A.S. (eds.) Grassland Science in Europe, 4,
15-24.

Papanastasis V.P., Vrahnakis M.S., Chouvardas D., lovi K., Berdeli B. and Ispikoudis I. (2003) Role of altitude
and soil depth in productive potential of natural grasslands of Macedonia, northern Greece. In Kirilov A,
Todorov N. and Katerob I. (eds), Optimal forage systems for animal production and the environment, Grassland
Science in Europe, 8, 21-24.

Peeters A. and Kopec S. (1996) Production and productivity of cutting grasslands in temperate climates of
Europe. In: Grassland and Land Use Systems. Parente G. Frame J. and Orsi S. (eds.). Grassland Science in
Europe, 1, 59-73.

Perzanowska J. and Mr6z W. (2003) Ekstensywne uzytkowanie jako podstawa utrzymania siedlisk
potnaturalnych. In Makomaska — Juchiewicz M., Tworek S. Ekologiczna sie¢ Natura 2000. Problem czy
szansa. Instytut Ochrony PAN, Krakéw, 103-110.

Petrova I., Todorova P. and Angelov L. (2000) Ecological evaluation of the selenium resources in the biota of
the Troyan Balkan and the Panagyurska Sredna Gora region. Journal of Mountain Agriculture on the Balkans, 3,
(1), 51-61.

Pronczuk J. (1962) Typologiczne zasady zr6znicowania uzytkéw zielonych na przyktadzie wydzielonych typow
frorystycznych w dolinach rzek na nizu (Typological principles of the grassland differentiation exemplified by
the distinguished floristic types In lowland valleys) Biblioteczka Wiadomosci IMUZ nr 5, 65-191.

Rotar 1. and Carlier L. (2005) Grassland technology, Ed. Risoprint, Cluj-Napoca, Romania.

Rychnovska M. and Parente G. (1997) Grassland and Environment (I)- Mutual effects (I1) Agricultural aspects
Grassland Science in Europe, 2, 173 -186.

Ryszkowski L., Goldyn H. and Araczynska-Chudy E. (2000) Plant diversity in mosaic agricultural landscapes: a
case study from Poland. In: Planta Europa. H. Sygne, J. Akeroyd (eds.), Swedish University of agricultural
sciences Uppsala, Sweden, 281-286.

Snaydon R. W. (1991) The productivity of C3 and C4 plants: A reassessment. Functional Ecology, 5, 321-330.
Statistical Yearbook, 2004. Bratislava. 825 p.

Stosic M., Lazarevic D. and Mrfat-Vukelic S. (1999) Effects of fertilizers on floristic and production changes in
ass. Danthonietum calycinae at different location of hilly-mountain regions of Serbia. Journal of Mountain
Agriculture on the Balkans, 2, (2), 178-187.

Stypinski P. and Grobelna D. (2000) Directions of succession of plant communities on the degraded and taken
out from utilization farmer grassland. Grassland Science in Poland, 3, Polish Grassland Society, Poznan, 151-
157.

Stypinski P., Mastalerczuk G. and Sienkiewicz-Paderewska D. (2006) Grassland production, biodiversity and
sustainability. In Grassland -part of mountain agriculture and landscape. Proceedings of the conference 27-28
September, GMARI, Banska Bystrica, 186-191.

Stypinski P. and Piotrowska J. (1997) Konsekwencje zaprzestania koszenia tak w parkach narodowych na
przyktadzie Kampinoskiego Parku Narodowego. Zeszyty Problemowe Postepdw Nauk Rolniczych, 453, 135-143.
Todorova P. and Kirilov A. (2002) Changes in the permanent grassland composition and feeding value during
the growing season. In: Durand J.L., Emile J.C., Huyghe C. and Lemaire G. (eds), Multi-function grasslands.
Grassland Science in Europe, 7, 170-171.

Permanent and temporary grassland: plant, environment and economy 25



Twardy S., Kopacz M. and Kuzniar A. (2006) Grassland Management of the Polish Carpathians in the aspect of
environmental protection. In Grassland — part of mountain agriculture and landscape. Proceedings of the
conference 27-28 September, GMARI, Banska Bystrica, 222-226.

Uhliarova E., Michalec M. and Zimkova M. (2005) Extensive utilisation of grassland in the Kremnické Vrchy
Mountains and its impact on biodiversity. Quality production and quality of the environment in the mountain
pastures of enlarged Europe. Biala K., Nosberger J., Parente G. and Peeters A. (eds). Proceedings of the 13"
Meting of the FAO CIHEAM Sub-Network on mountain pastures. 15-17 Sep. 2005, Udine. Italy, 101-105.

Ward A.T., Wittenberg K.M., Frobe H.M., Przybylski R. and Malcomson I. (2003) Fresh forage and solin
supplementation on conjugated linoleic acid levels in plasma and milk. Journal of Dairy Science, 86, 1742-1750.
Wilkins R.J. and Kirilov A. (2003) Role of forage crops in animal production systems. In Optimal Forage
Systems for Animal Production and the Environment. Kirilov A., Todorov N. and Katerov I. (eds.) Grassland
Science in Europe, 8, 283-291.

Willett W.C. (1997) Specific fatty acids and risks of breast and prostate cancer: dietary intake. American Journal
of Clinical Nutrition, 66, 1557-1563.

Witek T. (1981) Waloryzacja rolniczej przestreni produkcyjnej Polski wediug gmin (Evaluation of the
agricultural productive space in Poland by communes) IUNG Putawy.

Zaluski T. (2002) Threat and protection of grassland communities. In The Polish Grass Book. Frey L. (ed.), 245-
274.

Zastawny J. (2003) Grassland and Pasture Crops — Poland AGPC FAO and Country Pasture Profiles .

26 Grassland Science in Europe Vol 12



Temporary grassland — challenges in the future
Sgegaard K.*, Gierus M.?, Hopkins A.* and Halling M.*

Faculty of Agricultural Sciences, Department of Agroecology and Environment, University
of Aarhus, Research Centre Foulum, DK-8830 Tjele, Denmark

?Institute of Crop Science and Plant Breeding, Grass and Forage Science/Organic
Agriculture, Christian-Albrechts-University of Kiel, 24098 Kiel, Germany

*GES Consulting, 27 Brownings Mead, Dunsford, Exeter EX6 7JJ, United Kingdom

*Department of Crop Production Ecology, Swedish University of Agricultural Sciences,
750 07 Uppsala, Sweden

Abstract

Intensively managed temporary grassland occurs either as part of a grass-arable rotation
system or in grasslands subject to frequent renovation. Even though management of
temporary grasslands varies greatly between countries, in terms of establishment, length of
grass phase, cut number etc., there are some general changes that we expect will affect the
management of intensive grasslands in the future and, to some extent, put pressure on grass
utilization. The increasing milk yield per animal greatly affects the requirement for herbage
with high content of net energy. The needs for reducing N-losses to the environment will
continue the effort to develop grazing systems and total feeding rations that increase N
utilization. Larger farms and herds, together with labour saving technology, has changed the
utilization of the grasslands, and new management needs to be developed to overcome the
logistic problems. Using bigger machinery in the field affects the yield and soil compaction,
and anticipated future climate change is likely to affect the seasonality of production and
forage quality, and introduce additional scope and challenges for planning the optimum use of
herbage production from temporary grasslands.

Keywords: production, herbage quality, future challenges, structural changes
Introduction

In some regions of North-West Europe grassland on dairy farms exists as part of a grass-
arable rotation system. This system, with a grass phase of few years duration, has its origin in
the positive residual effects of the grass on the following arable crops, in terms of increased
soil fertility, and in reduced crop diseases and weeds. These benefits are especially important
in organic and other low-input systems, and for some climatic regions this grass-arable system
is considered essential for adequate crop yield levels to be maintained. Furthermore, there is
an assumption that higher yields will be obtained in the grass phase, when compared with
longer term grasslands, and the net gain of the whole crop rotation is assumed to be higher
than from crops in monoculture.

Nitrogen accumulates during the grass phase, in amounts equivalent to 20 to 130 kg N ha™
year™ and, after conversion to arable land, N mineralization enhances and organic N content
decreases over time (Hatch et al., 2003). The amount accumulated during the grass phase
depends of the sward age (Johnston et al., 1994) and management, especially when cutting
and grazing are compared (Hansen et al., 2005). The length of the grass phase is a balance
between the costs for establishment and fencing, and the benefits for the following arable
crop, the yield condition in the grassland and the need for grass in the total feeding ration.
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Another type of temporary grasslands is that of the frequently resown grasslands where there
are usually no arable crops between successive grass crops. Improved herbage production and
quality are the main reasons for resowing, and this system is economic only if the increased
yield and quality offset the costs. The decline in yield or utilised output of permanent
grassland has motivated farmers to renovate or resow grassland. The establishment of
temporary grassland may also have resulted from the ploughing and resowing of permanent
grassland that had inherent problems. Examples include grassland with poor soil drainage and
presence of less desirable species (Tyson et al. 1992), low quantitative and qualitative
productivity (Keating and O’Kiely, 2000; Gierus et al., 2005), and seasonal feed shortage
(Thom and Bryant, 1996; Coffey et al., 2002). Criteria for timing of resowing are typically
based on changes in the botanical composition of the sward; e.g. in the Netherlands grassland
renovation is recommended if the proportion of perennial ryegrass (Lolium perenne) is less
than 50%, or if the sward contains more than 10% of couch grass (Elymus repens) (Schils et
al., 2002).

The increasing genetic potential for milk production in the herd has resulted in a higher
nutrient supply and efficient conversion. The deficit between the increasing energy demand
and the limits in intake capacity in high yielding dairy cows has to be met by either a higher
intake of concentrates or higher content of net energy of fodder crops. Improving quality of
herbage needs a progressive optimisation of the management. Farmers are also under pressure
to reduce their N surplus at the farm level in intensive dairy farming systems. This is
especially the case where nitrate levels in groundwater have reached critical levels, most
importantly in nitrate vulnerable zones, which often coincide with the location of dairy farms.
A continued decrease in N inputs to grassland from mineral fertilizers is therefore expected.
Other challenges in the future are the effects arising from the movement towards dairy farms
of larger units, labour-saving technology, bigger machinery, high efficiency in order to reduce
costs, and the impacts of climate change.

The aim of this paper is to review the main aspects of herbage production and quality in the
context of temporary grasslands, focusing on the above-mentioned future conditions.

Survey

Typical conditions for temporary grasslands in the grass-arable systems of North-West
Europe are shown in Table 1. The grass swards are mostly established in autumn without a
cover crop. However, in Brittany 65% is established in summer, and going more to the north
spring sowing with a cover crop becomes more frequently used. Spring sowing is also used in
the Netherlands, where grass-arable systems only constitute a small part. Even though a great
part of grass-arable systems are located on sandy soil, irrigation is not widespread with the
exception of Denmark. Yield and seasonal production must therefore be highly dependent on
the actual rainfall conditions. Perennial ryegrass is the dominant grass species. However, in
northern Europe the growing conditions are not sufficient for perennial ryegrass and timothy
(Phleum pratense) is the dominant sown grass. The second most important grass species
differ between countries. Clover in the sward is apparently limited in the North-West
European temporary grasslands, as white clover (Trifolium repens) is only mentioned as a
main species in Brittany and Denmark, and red clover (Trifolium pratense) in Norway and
Sweden.

The arable phase is of limited duration, typically 1-4 years, whereas the length of the grass
phase is more varied, 1-8 years (Table 1). This indicates that the length of one crop rotation
varied greatly and the utilization of the benefits of grass on the arable crop also varied. The
dominant arable crops are maize (Zea mays) together with different cereal species. This also
reflects that the growth boundary for maize has mowed progressively further north. The
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arable species can utilize the increased N-mineralization after ploughing the grass. N-fixing
legumes seem not to be main crops in the arable phase in any country. The number of cuts
varies greatly from 1 to 6 cuts each year, and seems not only to be related to the length of the
growing season but also to local traditions and conditions. The varying cut number indicates
that the emphasis on high net energy concentration in herbage also varied.

The requirement to reduce N losses to the environment has changed the fertilization practice,
arising from both EU and national regulations. However, for the time being, the conditions
vary greatly between different countries in terms of fixed maximum and/or recommended N-
rates to the grass, requirements for utilization of the residual effect after ploughing the grass
sward, and categorising of different types of areas in relation to nitrate vulnerability.

Table 1. Temporary grasslands in grass/arable systems in North-West European countries. Results from a
questionnaire filled out by colleagues in each country. The figures are mostly based on estimates of the typical
situation.

Country Region Length (years) Species’ % temporary of
total grasslands

Grass Arable Grass Arable
phase phase (main)
Main Second

Belgium Flanders 1-3 3- Lp,Lm Pp Ma, Ce, Po <5
Denmark All 3-4 1-4 Lp, Tr Fe, Tp Ma, Sb 70
England All 4-8 2-3 Lp Pp, Tr Ma, Ww
France Brittany 4-7 2-3 Lp, Tr Lm Ma, Ww 80
Germany Northern 1-3 2-4 Lp Lm Ma, Tr, Ry 15-20
Netherlands South/East 3-5 1-2 Lp Ma 10
Norway All Varied Pp, Fp, Tp Lp
Sweden All 3-5 0-3 Pp,Fp, Tp, Tr  Lp Sh, W, O 70

! Grass species: Lp (Lolium perenne), Lm (Lolium multiflorum), Pp (Phleum pratense), Fe (Festulolium), Tr
(Trifolium repens), Tp (Trifolium pratense), Fp (Festuca pratensis)

Arable species: Ma (maize), Ce (cereals), Po (potatoes), Sb (spring barley), W (spring+winter wheat), Ww
(winter wheat), Tr (triticale), Ry (rye), O (oats)

Country Establishment Cover crop®  Irrigation? Main soil type Number of cuts
time

Belgium Autumn = = Sandy and sandy loam 3-5

Denmark Spring + + Sandy and sandy loam 4-6

England Autumn + + Medium loams 2

France Summer/autumn = + Loamy - silty soils 1-2 + grazing

Germany Autumn + + Sandy and sandy loams 4-5

Netherlands  Spring + + Dry sandy 4-6

Norway Spring += Very little Varying 1-3

Sweden Spring + Very little Varying 2-3

2 With (+) and without (<)
Growth over successive years

A higher herbage production rate from newly established grass swards is one of the
expectations in temporary grasslands. Under cutting conditions the yield is often reported to
decrease over successive years, with the highest yield in the first harvest year, and the
decrease from the first to the second year is often greater than between the other years for
both grass-clover (Laidlaw, 1980; Schils, 1997) and pure grass (Jackson and Williams, 1979;
Hopkins et al., 1990). Unfertilized grass-clover swards, however, are reported to maintain
their production, albeit at a lower level (Laidlaw, 1980; Hopkins et al., 1990). Under grazing
conditions the reports show a greater variation in the yield progress and there seems to be no
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consistent trend. In grass-clover swards especially there is not necessarily a decline (Steen and
Laidlaw, 1995; Nevens and Reheul, 2003). A lower decrease in grass-clover from year 1 to
year 2 was found when grazing after a spring cut was compared with cutting only (Schils et
al., 1999). Tiller density of perennial ryegrass was reduced by cutting and low grazing
frequency, and frequent grazing therefore favoured persistence and it maintained its botanical
composition (McKenzie et al., 2006). This indicates that the decrease in yield is not so
pronounced under grazing as under cutting conditions.

Nitrogen fertilization is a management factor that greatly influences the production profile
and yield. The build-up of soil N during the grass phase and increase in soil fertility could
lead to decreasing N-response (yield kg™ N) during the grass phase. However, this has not
been confirmed unambiguously. A mean decrease on sixteen sites in England from 27 to 14
kg DM kg™ N was found under cutting conditions (Hopkins et al., 1990) whereas under
grazing conditions the N-response was maintained at a similar level over successive years
(Jackson and Williams, 1979). Other nutrients could have an additional effect and contribute
to variability in results, particularly under low-input system, as Baars (2002) found that P and
K level should be sufficient for a yield increase. In the 1970s-80s period the rates of fertilizer
N used on many farms, and in experiments by grassland scientists, was generally higher than
rates used nowadays, and the achievement of high dry matter yield was the main focus.
However, high N-application and long growing periods decreases tiller density in pure grass
(Alberda and Sibma, 1984) and decrease the carbohydrate reserves (Ennik et al., 1980). Both
conditions weaken the plants and their persistence seems to decrease. High N-rates applied to
pure grass often decreases the production in the spring of the following year (Madsen and
Sgegaard, 1991). On the other hand lower N-rates can have a positive effect on persistence
(Wilman, 1978). Thus, the fertilization level has an effect on the persistence and affects the
yield progress during the grass phase.

Climatic factors, through the effects of summer drought and winter cold, could have a crucial
effect on the persistence. This was exemplified by Lien et al. (2003), who considered winter
damage to be the main reason for yield decrease under colder climates. Gregersen (1980) also
showed that there was a lower rate of yield decrease over the years with irrigation than
without irrigation: 55% and 68 % over five years respectively. However, the plant conditions,
in terms of health, tiller density and energy accumulation in autumn are essential for high
rates of overwintering. In white clover it has been found that the accumulation and utilization
of non-structural carbohydrates are important in determining the extent to which different
varieties survive the winter (Frankow-Lindberg and von Fricks, 1988). The autumn
management therefore seems to be important for overwintering. N-application in autumn has
been found to have either a positive or no effect on growth in the following spring. In a
French experiment in pure grass, N-application (60 kg N ha™) encouraged tillering and N-
content in the leaves in autumn and increased the growth in the following spring, although in
an lrish experiment there were no effects (Culleton et al., 1991). Correspondingly, N-
application in pure grass and grass-clover in autumn had a positive and no effect on the spring
growth, respectively (Sgegaard, 1995). High grass tiller density had a strong negative effect
on clover content in spring at low temperature (Wachendorf et al., 2001). This could indicate
that the effect of N-application in autumn depends of the soil condition or N-mineralization
rate, and for grass-clover further for the species competition. For optimizing overwintering
some green leaf area seems to be necessary. In pure grass spring growth was improved with
the last cut in October (France) and November (lreland) compared with one month later
(Culleton et al., 1991). For white clover the leaf area index appears to be a key variable in
determining clover performance over winter and through the following growing season
(Wachendorf et al., 2001).
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In temporary grassland there are different demands on the fields depending on sward age. In
the last year before ploughing there are no issues concerning overwintering, in contrast to the
other years when persistence is important. Positive effects on persistence, like optimal autumn
management, grazing and managing of the grass-clover competition, are important in the
early years after establishment. However, this is of little relevance in the final year of the
grass phase, when management can be concentrated on optimizing the production during that
particular season. The need to focus on improved persistence is further strengthened by the
fact that adverse residual effects on herbage yield caused by inappropriate management in the
preceding year will generally be greatest in the spring, the season when the feed value,
particularly digestibility of organic matter, will be at its highest.

Growth within the year

Manipulation of the seasonal herbage growth curve was recently reviewed by Porqueddu et
al. (2005) and Laidlaw et al. (2006). These authors described how grazing management,
fertilization, irrigation and grass-clover interactions can affect the growth curve, just as the
choice of grass-clover species and varieties. Manipulating the growth curve is especially
important when grassland is used for grazing, or in a grazing-cutting system. Under such
conditions a planned production system, for that field and between the fields, together with a
supplementation plan, are useful tools to mitigate seasonality. However, on intensive dairy
farms herbage quality is just as important as the growth rate. Under grazing it is difficult to be
abreast of changes in supplementation for optimizing the total feeding ration. Improved
pasture utilization through manipulating both herbage growth and quality, with consideration
of the age of the grass sward, is a complex issue, for which the development of decision
support systems may provide a conclusive answer. Under cutting, however, there is a greater
need for optimizing the quality without necessarily needing to change the seasonal growth
curve.

Legumes

Legumes play an important role in temporary grasslands as a result of their ability to provide
forage of high feed value and through their ability to contribute to the nitrogen economy of
the sward through N fixation by associated rhizobial bacteria. This not only enables legumes
to grow well even in the absence of other sources of nitrogen, but the fixed N can contribute
directly or indirectly to the nutrition of grasses growing in mixture with the legume and to
crops following the legume. Despite this, the use of forage legumes in Northern Europe
during much of the late twentieth century declined in favour of N-fertilised grass. In recent
times, the use of forage legumes has increased, due to environmental awareness and increased
adoption of organic farming.

There remain some problems associated with the use of forage legumes, including difficulties
in sustaining their production, problems in achieving effective conservation as silage and risks
to animal health through bloat. Leaching of nitrogen can also be a problem, although forage
legumes grown in combination with a grass showed levels that were similar to a pure grass
crop fertilised with 200 kg N (Scholefield et al., 2002).

Red clover and white clover are the two dominant forage legumes in Northern Europe. Red
clover is generally best adapted to a cutting system, where it can give very high dry matter
production with average yield stability in different environmental situations, but the stability
decreases as the stand ages (Halling et al., 2002). White clover has compared to red clover
under similar conditions lower production, but it has a much higher yield stability, which
increased with age. It is also more applicable to grazed and cut-and-grazed situations and
adapted to a wide range of farming and environmental situations.
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Feeding quality

As dairy farms are obtaining higher levels of productivity per animal, the efficient utilization
of nutrients by the high yielding dairy cow is the main concern. There are two different
approaches to achieving high N-use efficiency: the correction of deficiencies, e.g. by
supplementing with concentrates, and the improvement of forage quality. Much of the
required N-use efficiency can be achieved by adapting the diet composition with concentrates
in order to fulfil animal requirements. This might be the case with concentrates supplemented
for dairy or beef cattle (Keating and O’Kiely, 2000; Coffey et al., 2002). However, inclusion
of larger amounts of concentrate in diets of dairy cattle also results in the import of nutrients
into the farm, with consequences for the nitrogen surplus (Berentsen and Tiessink, 2003;
Steinshamn et al., 2006). Animals receiving concentrate supplementation may excrete larger
amounts of N, masking the effect of higher crop performance obtained from renovation of the
old sward, especially under grazing. Over the long term, improving the productivity of
temporary grassland reduces the N input at farm level, because more animals can be
maintained on grassland per unit of area after renovation. Considering improvement in forage
quality for N-use efficiency, the high crude protein (CP) content and the fast protein
degradation rate of forages in the forestomach of the ruminant are related to inefficiency. In
such cases, the urine-N excretion is high (Bannink et al., 1999), especially when energy
available in the diet is limiting in the rumen. The proportion of N excreted via urine varies
from 40 to 80% of total N excreted (Oenema et al., 2001). High yielding animals show the
highest N excretion rate in urine or milk on a per-animal basis (Kirchgessner et al., 1988).
Measurements in high yielding dairy cows on N excretion demonstrated that increasing the
amount of undegradable protein (UDP) as a percent of CP in the diet, without limiting
microbial growth in the rumen, is related to a lower urinary-N excretion (Gruber et al., 1998;
Davidson et al., 2003). The utilization of high sugar varieties (sweet grass) demonstrated that
more energy becomes available in the rumen contributing to improve N utilization in the dairy
cow (Miller et al., 2001). Efforts to improve efficient N use of animals fed with forages
obtained from temporary grassland need to consider the protein content, especially in terms of
CP fractions (non-protein N, degradable protein and UDP) in combination with the overall
energy available in the diet.

Temporary grassland should aim to improve the forage quality towards a reduced N input,
whether as fertilizer or as concentrate. The utilization of more productive varieties with a fast
establishment rate and control of undesirable species contributes to influence positively the
forage quality (Kerley and Jarvis, 1997; Bussink et al., 2002). In consequence, the
productivity of animals receiving forage produced from temporary grassland and the N use
efficiency can be expected to improve.

Legumes in temporary grasslands vary greatly between countries (Table 1). Legumes are
normally reported to have a higher content of N, lignin and minerals and lower content of
NDF especially hemicellulose than grasses at a similar organic matter digestibility. In situ
analyses show that the potential degradability of NDF (DNDF) in the rumen is lower for
legumes than grasses, but that the rate of DNDF degradation is higher in legumes (e.g.
Baumgardt et al., 1962; Andrighetto et al., 1993). This contributes to a faster rate of particle
breakdown of legumes in the rumen associated with a rapid rate of rumen clearance, which
gives the potential for a higher dry matter intake (Beever and Thorp, 1996). In a newly
introduced Nordic (Norway, Sweden, Iceland and Denmark) feeding evaluating system for
cattle DNDF and the rate of DNDF degradation are important parameters for calculation of
net energy for lactation (NEL). Calculations in this system, for different legumes and grasses,
from very young to mature stages respectively, showed that NEL for dry cows with a daily
feeding level on 8 kg dry matter were reduced by 7 and 13 %, respectively, when comparing
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with high yielding cows with a feeding level on 20 kg dry matter (Sgegaard et al., 2007). This
exemplifies that the energy content in legumes does not decrease at the same rate as grasses
when feeding cows with increasing yield potential. With increasing yield potential of dairy
cows this relatively higher feeding value of legumes could result in an increased use of
legumes in the future.

Effects of traffic

Machinery utilized for spreading slurry and harvesting is getting bigger. The direction of
traffic in a particular field is generally consistent from year to year. However, the position of
wheel tracks within that direction is likely to be totally random (Douglas, 1994). Therefore a
great part of the field will be tracked each year. The yield decrease due to traffic is always
considerable, especially in spring, and there does not seem to be any significant differences
between grass and clover (reviewed by Douglas, 1994). Douglas (1994) mentions results of
yield reduction in the range 9-46 %. The reason is mainly a result of leaves, stem and roots
being crushed rather than the influence of soil structure (Rasmussen and Mgller, 1981).
However, the yield is not only affected in-track but also within areas adjacent to the tyre
tracks (Jorajuria and Draghi, 1997). There seems not to be a year-to-year accumulation of
wheel traffic effects on yield. Douglas and Crawford (1993) found a lower decrease in yield
from year 1 to 3 when comparing wheel-traffic affected areas with untreated areas. For
reducing the negative effect on yield the ground/inflation pressure is reduced by broader tyres
and adjusted tyre tread. Comparing two tractors with the same ground pressure but with
different wheel load and with the same passes, the heavier tractor gave either the same or a
greater reduction in yield than the lighter tractor. Comparing at the same traffic intensity the
lighter tractor can do as much, or even greater, damage than the heavier tractor (Jorajuria and
Daghi, 1997). Ball et al. (1997) also reported that a reduced ground pressure system
successfully minimized compaction in grasslands. Thus the yield reduction seems not to be
affected when the inflation pressure does not increase, but the effect on the subsoil in the long
term of the higher wheel/axle load could be a higher threat (Schjenning et al., 2006).

Focusing more on herbage quality on intensive dairy farms can lead to more cuts per year and
thus a higher traffic intensity, which by itself will decrease the annual yield. The soil structure
quality can be preserved in the most effective way by good timing of field operations,
especially in relation to wet conditions (Ball et al., 1997). Growth depression is normally
highest in spring due to higher soil moisture in that period (Douglas, 1997). Reducing the
negative effects on yield in short term grasslands seems therefore to be good timing combined
with reducing the ground pressure, and eventually fixed wheel tracks, whereas the long term
effects of high wheel pressure can not be solved by management.

Climate change

The global climate is changing against a background of increasing atmospheric concentrations
of carbon dioxide and other greenhouse gases. In North-West Europe the effects of higher
temperatures and higher average precipitation (with reduced summer rain and an increase in
winter precipitation) have been observed in recent years and are predicted to increase, but the
extent and the frequencies of extreme weather conditions remain uncertain. Hopkins and
Prado (2006) and Lischer et al. (2005) have recently reviewed the expectations concerning
climate change and the effects on grasslands. The expectations in grasslands are for increasing
herbage yield potential and conditions that favour an increasing proportion of legumes in the
sward. At a given yield it is expected that the content of crude protein will decrease and the
content of water-soluble carbohydrate will increase.
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These changes will affect herbage production from intensive temporary grasslands, but the
effect of seasonal changes in precipitation will vary according to soil type. As a great part of
temporary grasslands is cultivated on sandy soil without irrigation (Table 1) the effects on
seasonality of production could be proportionately higher, with an increased herbage
production in spring/early summer and in autumn, and a decreased production in mid summer
due to drought. This would give a higher challenge to manage the grazing system for dairy
cows in the summer for maintaining herbage allowance and herbage quality at a sufficient
level. The change in herbage quality in terms of lower content of crude protein and higher
content of water-soluble carbohydrates would, under grazing, be an advantageous in
intensively managed grasslands, as it would improve the N-energy balance (Rearte, 2005). On
the other hand, drought could reduce the digestibility of organic matter in summer due to
higher content of dead plant material. Under cutting management, increased spring growth
and reduced summer growth would not give rise to the same feed planning problems, but the
production would be split into a high quality spring herbage and summer herbage of lower
quality. A higher yield would possibly result in more cuts, with the risk of increased soil
compaction, combined with the effects associated with higher soil wetness in spring and
autumn.

The effect of wetter and milder winters presents a number of management issues for
temporary grasslands. Heavy autumn rainfall, particularly after a dry summer period, has
implications for nutrient leaching, may limit opportunities for extended grazing and affect the
timing of cultivations. However, on sites where severe winter conditions lead to early sward
deterioration and limit choice of forage species, there are some potential benefits arising from
climate change. Warmer winter conditions also present a number of uncertainties in terms of
pest and disease problems.

Larger farm size and herds

With the trend to increasing farm and herd size the grass-arable system has some limitations
concerning grazing by milking cows. The distance to the pasture becomes relatively long, if
all grassland fields on the farm continue to be grazed. Parsons et al. (2004) concluded from
survey data that US dairy farmers who grazed their milking cows have a smaller herd, fewer
acres, more acres per cow, made less use of technology and had a lower annual milk yield in
the herd compared with farmers who used confinement management. These trends are also
confirmed in European countries (Kristensen et al., 2005). Long distances between barn and
pasture increase the labour cost and the maintenance energy required for walking increases.
The number of automatic milking systems (AMS) is increasing considerably (Koning and
Rodenburg, 2004). One of the differences, when AMS is introduced, is that cows are not
herded. Increasing the distance from barn to pasture from 50 m to 260 m decreased the daily
milk yield in early summer by 3 kg and decreased the milking frequency from 2.5 to 1.3
milkings/day, whereas the time spent grazing was the same (Spornly and Wredle, 2004). In
late summer the cows with the longest distance to pasture spent less time grazing (Spornly
and Wredle, 2004). At that time the nutritive value of the herbage is normally lower, and that
could further decrease the motivation for walking the long distance. Movements in the
opposite direction when cows return from the pasture to be milked can be stimulated, e.g. by
feed supplementation and drinking water in the barn (Spérnly and Wredle, 2004 and 2005).

Optimising the distance between barn and pasture for milking cows on farms in France and
Denmark has led to the adoption a two-part crop rotation system. One part, situated at the
greatest distance from the barn is used primarily for producing winter feed, and the other part
is placed near the barn for cows grazing alternating with cutting. This system decreases the
benefits of the traditional grass-arable system concerning utilization of the soil fertility and
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reducing weeds and crop diseases. In France the grassland swards near the barn are becoming
of increasingly longer duration and are renovated only when they are too damaged (Vertes,
2007). In Denmark these grasslands have a high proportion of white clover, and renovation
frequency is unchanged. White clover fatigue has become introduced in these fields near the
barn. The clover plants emerge, then become stunted and eventually disappear within the
same year. This white clover soil fatigue is most pronounced when grass-clover is established
just after ploughing a grass-clover sward that had a high proportion of clover, and the problem
is mainly due to extensive attacks by the clover cyst nematode (Heterodera trifolii) occurring
at clover emergence (Sgegaard and Mgller, 2005). How the two-part crop rotation with an
intensive grazed area and an area with low grazing pressure affect the N utilization, N build
up in the soil and N losses is unknown.

Grazing contributes to landscape values and has advantages for animal welfare, and in organic
dairy farming grazing is essential. Furthermore, in some countries, e.g. Sweden and Norway,
grazing is necessary for dairy production due to national regulations. However, on large farms
grazing systems have to be developed for overcoming constrains concerning distance to the
pasture and to control cow traffic in an AMS system.

Conclusions

Intensively managed temporary grasslands are sown and managed with the expectation of
high herbage yield and quality. The milk yield in North-West European countries is estimated
at 8,800-12,900 kg ha™ forage crops (Kristensen et al., 2005). However, some of the
tendencies described seem to impose pressure on the herbage yield potential. The large farms
and labour saving technologies such as automatic milking systems have, in the case of
grazing, resulted in logistics and pest problems. The requirement to reduce N losses to the
environment has tightened up the regulations for N fertilization, and this could lead to
decreased herbage yield. Incorporation of clover in the swards is still not a common practice
in intensive European grasslands, and any possible yield decrease associated with reduced N
inputs could be countered by a higher clover content. On mown grassland, the increasing
demands for herbage having a high net energy content could, together with impacts arising
from climate change, lead to an increased number of cuts per season, which would increase
the cost per unit of production and increase the loading of the machinery.

Planning the utilization of temporary grassland is very complex, and the age of sward, animal-
plant interactions, seasonality etc. need to be included. Computer models can play a role in
optimising best management, and although many models have been developed they are little
used or validated in practice (Porqueddu et al., 2005). As there is both a requirement for low
cost systems and high utilization of the grasslands there seems to be a great need for
development of simple and useable decision support systems. For developing this there are
still requirements for knowledge on, e.g. manipulation of the seasonality of herbage quality
and interactions between management and sward age, so that the attributes of swards of
different ages can be fully considered in the farm-scale management of temporary grassland.
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The effect of repeated direct sowing of grass-legume seed mixtures into
grasslands on forage production and quality

Komarek P., Nerusil P., Kohoutek A. and Odstréilova V.

Crop Research Institute, Prague, Research Station in Jevicko K. H. Borovskeho 461, Jevicko
56943, Czech Republic

Abstract

The effect of repeated direct sowing of grass-legume seed mixtures into a grass sward on dry
matter yield and quality of forage was studied between 1991 and 2006 at an experimental site
Jevicko in the Czech Republic. The treatments were permanent grassland (PG), temporary
grassland (TG) as controls and directly sown grassland (DG) which was repeatedly directly
sown in 1991, 1996, 2000, 2003 and 2006.The same seed mixture and rates were used for TG
and DG: festulolium hybrid, Lolium perenne, Dactylis glomerata, Trifolium pratense,
Trifolium repens. DG plots were directly sown with a strip-seeding drill; the sward was
cultivated into 150 mm deep and wide strips with 450 mm span. The experiments were
monitored at four levels of fertilization (no fertilization, PsoKgo, NgoP30Kgo, N1goP30Kso) and
harvested three times annually. The dry matter production was recorded. The parameters of
forage quality were evaluated using infrared spectrometry (1995-2006). Direct sowing of
mixtures into grassland increased dry matter yield on average of years from 6.93 t ha™* (PG) to
8.11 t ha™ (DG). The forage quality was higher in the treatments with N fertilizer application.

Keywords: direct sowing, grassland, forage quality, fertilization
Introduction

Direct sowing is a non-arable technology for grassland management that is environmentally
friendly. In the last decades, direct sowing has become one of the options to introduce absent
plants into grassland. The introduction of legumes and grasses may positively influence the
botanical composition of grassland and nutritive value of produced forage, improve forage
quality and add fixed nitrogen (N) to grassland, which decreases the need for mineral N.
Direct sowing into grasslands in the former Czechoslovakia was researched by the Research
Institute of Pastures and Meadows in Banska Bystrica from the early 1970s (Krajcovi¢, 2006).
Special machines for direct sowing were developed and tested there, out of which a seeding
machine SE-2-024 was manufactured from 1986. This significantly influenced further
research, development and practical utilization of direct sowing technology in the Czech and
Slovak Republics. If we till the sward into a wider and deeper strip, the growth and
development of directly sown plants is significantly faster, which is a primary prerequisite for
successful introduction of directly sown species into the grassland (Kohoutek et al., 2002).

Materials and methods

The trials were established on a fluvisoil at the Jevicko site, the Czech Republic in a mild
climatic region (average annual temperature 7.5 °C, annual rainfall 629 mm, altitude 342 m).
Directly sown grassland (DG) was compared with permanent grassland (PG) and temporary
grassland (TG). Direct seeding was performed in 1991 (a seeding machine SE-2-024) and
repeated in 1996, 2000, 2003 and 2006 (a seeding machine for strip-sowing - a prototype with
the grass sward cultivated into 150 mm deep and wide strips with 450 mm between strips and
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with a sowing mechanism, yjord) and the same mixture and seed quantity were used (29 kg
ha). Temporary grassland was sown only on the one occasion in 1991. The grass-legume
seed mixture comprised: Festulolium hybrid (Lolium multiflorum. x Festuca arundinacea) cv.
Felina (12 kg ha), Perennial ryegrass (Lolium perenne) cv. Sport (8 kg ha™), Cocksfoot
(Dactylis glomerata) cv. Niva (4 kg ha™), Red clover (Trifolium pratense) cv. Kvarta (3 kg
ha), White clover (Trifolium repens), cv. Huia (2 kg ha™). TG was established and sown
with the same mixture in 1991. Plot area was 10 m? 4 replicates. The PG, TG and DG
treatments were fertilized at four levels (no fertilization, P3oKso, NooP30Kso, N1goP30Kso), N- as
nitre with limestone, P as superphosphate and K as potash salt, rates as elements. This paper
reports dry matter (DM) yield in 1991-2006 and forage quality in 1995-2006. The forage
quality was measured using the instrument NIRSystems 6500 equipped with sample transport
module in reflectance range 1100-2500 nm, band width 2 nm, measured in small ring cups, in
2x2 replications and using the software WinlISI 11, vers. 1.50. The observed parameters were:
crude protein, fibre, NEL (net energy of lactation), NEV (net energy of fattening), PDIE
(ingested digestive protein allowed by energy) and PDIN (ingested digestive protein allowed
by nitrogen). NIR calibration equations for all determinations were developped by Partial
Least Squares (PLS) regression of reference values on the 1% derivative of SNV and detrended
spectra. The measured results were statistically evaluated and differences between averages
were tested with the Tuckey test.

Results and discussion

DM vyield was influenced by the type of grassland (Table 1). There was significant (P<0.01)
increase of DM yield after direct sowing (DG) compared with a control (PG) especially in the
second and third harvest year after direct sowing. The highest DM increase was observed in
the first harvest year in 1992 when DM production increased significantly (P<0.01) from 5.42
t ha® (PG) to 10.18 t ha™ (TG) and 8.91 t ha™ (DG). The DM vyield increase from (DG) was
mainly explained by successful growth of directly sown red clover in the first three years after
direct sowing. Average DM yields from 1991-2006 were 8.11 t ha}(DG) and 8.45 t ha™ (TG),
which in both cases represent significant increases (P<0.01) when compared with (PG) 6.93 t
ha. Long-term positive effect of direct sowing on DM vyield and similar results were also
reported by Frame (1992).

Table 1. Dry matter yield (DM t ha™) 1991-2006

DM tha®

Treatment  Years 1991-2006

91

92

93

94

95

96

97

98

99

00

01

02

03

04

05

06

avg

PG 3.76  5.42 513 578 1051 1039 743 536 847 716 749 935 6.25 723 539 568 6.93
TG 457 10,18 751 868 1240 11,11 847 6,72 1089 947 920 953 697 736 623 598 845
DG 324 891 685 792 1219 1084 995 740 1029 637 797 983 764 854 631 553 811
LSDg.0s 047 121 090 086 104 0.90 0.70 0.77 0.87 111 093 065 071 081 057 046 0.37
LSDy.01 0.61 1.58 117 112 135 1.17 091 100 113 144 121 084 093 106 0.74 0.60 0.49

PG: permanent grassland, TG: temporary grassland, DG: repeatedly directly sown grassland

Also mineral fertilizer had a positive effect on DM vyield (Table 2). Average DM yields from
1991-2006 increased non-significantly from 6.25 t ha™ in the treatment without fertilizer
(NoPoKo) to 6.72 t ha (NoPsKeg). DM vyield increased significantly (P<0.01) with N
fertilizer to 8.61 t ha™ with (NeoPaoKeo) and a further significant increase to 9.75 t ha™* with
(N1soP30Ks0). The positive effect of nitrogen fertilizer on DM vyield and forage quality was
also reported by Lunnan (2004), who demonstrated that increasing N rate from 0 to 180 kg ha”
1) increased DM yield from 6.66 t ha™ to 8.78 t ha™.
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Table 2. The effect of fertilization on dry matter yield (DM t ha™) 1991-2006

DM t ha™

Treatment Years 1991-2006
91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 avg

1 373 686 459 580 9.58 8.80 7.17 499 8.17 6.72 6.88 7.62 546 536 429 400 6.25
2 399 715 526 579 10.06 853 7.52 556 8.63 7.07 7.07 8.89 6.26 601 494 471 6.72
3 380 870 742 867 1331 1254 9.03 724 1112 800 850 1021 771 851 6.42 652 861
4 392 997 872 958 1386 1325 10.75 819 1162 887 1043 1157 838 1096 826 7.70 9.75
LSDg.05 060 155 115 110 133 1.15 0.90 098 111 142 119 0.83 091 1.04 0.73 058 048
LSDg.01 076 197 147 140 1.69 1.46 1.14 125 142 181 151 1.05 116 1.32 093 074 0.61

1-NgPoKo; 2- NoP3oKeo; 3- NgoP3oKeo; 4- N1goP30Keo

The forage quality parameters averaged for 1995-2006 are presented in the Table 3. Crude
protein concentration tended to be highest under (DG) 128.7 g kg™ and the lowest from (TG)
118.9 g kg, these differences are significant. Crude protein concentration from (DG) was
mainly influenced by botanical composition of grassland, especially by directly sown red
clover and white clover. Fibre concentration ranged from 241.5 g kg™ (PG) to 258.5 g kg™
(TG). NEL concentration was significantly highest under (DG) 5.61 MJ kg™. Direct sowing
significantly increased NEL concentration compared with temporary grassland value (TG)
5.53 MJ kg and 5.46 MJ kg (PG). NEV concentration was significantly highest in the
forage from the (PG) 5.45 MJ kg™. Direct sowing significantly increased NEV concentration
5.35 MJ kg™* compared with (TG) 5.27 MJ kg™. PDIE concentration was highest in the forage
under (DG) 81.4 g kg™ and 81.3 g kg™ under (PG), both values represent significant increase
of PDIE concentration compared with 79.8 g kg™ from (TG). Direct sowing of legume-grass
mixture into grassland significantly increased PDIN concentration to 77.8 g kg™ in the forage
from (DG) compared with 71.5 g kg™* from (TG).

Table 3. Forage quality parameters averaged for years 1995-2006

Treatment Crude protein  Fibre NEL NEV PDIE PDIN
(g kg DM) (g kg DM) (MIkg*DM) (MJkg'DM) (gkg*DM) (gkg™ DM)
PG 127,4 2415 5,46 5,45 81,3 76,9
TG 118,9 258,5 5,53 5,27 79,8 71,5
DG 128,7 249,0 5,61 5,35 81,4 77,8
LSDg g5 49 3,7 0,04 0,05 0,7 29
LSDg 1 6,3 49 0,05 0,06 0,9 3,8

PG: permanent grassland, TG: temporary grassland, DG: repeatedly directly sown grassland

Mineral fertilizer application significantly influenced forage quality (Table 4). Averaged over
the period 1995-2006, crude protein concentration increased significantly to 134.6 g kg™ in
the forage from the treatment with the highest N rate (N1goP30Kgo) compared to other rates of
fertilization. Fibre concentration, however, also increased significantly (P<0.01) to 255.9 g
kg under the NggPsKgo treatment and to 254.6 g kg™ from the NigoP3oKeo treatment
compared to zero fertilization treatment (NoPoKo) value of fibre concentration 240.2 g kg™*. N
fertilization influenced NEL concentration which reached 5.53 MJ kg™ in the treatment with
the highest N rate, which was a no-significant increase compared with the NoP3oKso treatment
value of 5.51 MJ kg™ but a statistically significant (P<0.01) decrease compared with the
NoPoKo treatment value of 5.61 MJ kg™. PDIE concentration value was the highest under
N1goP30Keo treatment (82.3 g kg™). PDIN concentration value was significantly higher (82.5 g
kg™) in the forage from the NigP3oKeo treatment than in the forage from other treatments:
(NoPoKo) 73.0 g kg™, (NoP3oKeo) 73.3 g kg™, (NeoP3oKeo) 72.9 g kg™.
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Table 4. The effect of fertilization on forage quality averaged for years 1995-2006

Treatment  Crude protein  Fibre NEL NEV PDIE PDIN
(gkg'DM)  (gkg'DM)  (MJkg*DM) (MJkg'DM) (gkg'DM) (gkg™ DM)

NoPoKg 120,6 240,2 5,61 5,46 80,2 73,0

NoP3oKgo  121,2 248,0 5,51 5,33 80,3 73,3

NooPsoKeo  121,0 255,9 5,49 5,30 80,5 72,9

NigoPsoKeo 134,6 2546 5,53 5,34 82,3 82,5

LSDo s 6,2 4,8 0,05 0,06 0,9 3.8

LSDg,0: 7.9 6,1 0,07 0,08 1,1 48

Conclusions

Repeated direct sowing of legume-grass mixture into the permanent grassland performed
every 3-5 years significantly increased forage yield in comparison with permanent and
temporary grassland. Increasing rate of nitrogen fertilizer increased forage yield and quality.
Direct sowing into grasslands is an important technology for the production of quality forage
for cattle especially by the introduction of legumes into grasslands.
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Evaluating new grass-legume mixtures for pasture improvement in a semi-
arid environment

Franca A., Porqueddu C. and Dettori D.
CNR-ISPAAM, Via de Nicola 1, 07100 Sassari, Sardinia, Italy
Abstract

In order to test new annual legumes recently available for pasture improvement in
Mediterranean areas in mixture with some perennial grasses, an experimentation was carried
out within the PERMED EU Project activity, in a private dairy sheep farm in Northern
Sardinia. Three treatments were compared: 1) a COMPLEX grass-legume pasture mixture,
based on 26 varieties belonging to 15 species 2) a SIMPLE grass-legume pasture mixture
based on 5 species, including local cultivars and ecotypes, and one commercial variety and 3)
an annual forage crop (AFC) based on a local mixture of oat and Italian ryegrass.

The preliminary results evidenced difficulties in the establishment of most perennials for both
mixtures and also of several annuals within the COMPLEX mixture. The SIMPLE mixture
achieved a better control of the invasive unpalatable thistle (Sylibum marianum) in the early
phases, a balanced composition between grasses and legumes in winter and a good spring
growth. The AFC established rapidly, allowing early grazing in late autumn and winter and a
strong competition against the invasive thistle.

Keywords: pasture improvement, grass-legume mixtures, Mediterranean environment
Introduction

Annual forage crops, mainly based on winter cereals, have represented a wide forage resource
for dairy sheep farming systems, and their management, based on annual ploughing and
sowing, has led to a slow but constant substitution of natural pastures, with a strong
environmental impact on slope areas. Nowadays, the re-introduction of persistent pasture
swards could represent a low-cost and more environmentally-friendly alternative to such
annual forage crops. The difficulties found in the establishment and persistence of pastures
during adverse climatic years in marginal areas have led to the conclusion that the more
diversified the seed mixture, the greater the chances of achieving a productive, balanced and
persistent pasture (Crespo, 1997). On the other hand, encouraging results have been obtained
at a plot level by Porqueddu and Maltoni (2005) evaluating 4-species mixtures belonging to
different functional types, as grass/legume and fast-annual/slow-perennial establishing
species. An experimentation with the general aim of evaluating the introduction of simple and
complex pasture mixtures based on new varieties recently available was carried out at a farm
level.

Materials and methods

The experimental trial was carried out during 2005-2006 in the Mr. Gavino Pulinas private
farm, located in Osilo (Sardinia-Italy) at 350 m a.s.l.. The climate is typical of the central
Mediterranean area, with an average annual rainfall of 550 mm. The experimental field lies on
a stony calcareous soil type with pH = 6.4 and rich in organic matter (3%).

The field assigned to the trial was previously grazed during winter and spring 2005, and
sprayed to control the invasive unpalatable thistle (Sylibum marianum L.). After the first
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rains, at the end of September (29™), the field was ploughed at a depth of about 30 cm and
superficially tilled. The experimental field was divided in three strips (21.5 x 165 m), each
one destinated to a treatment: 1) COMPLEX commercial pasture mixture by FERTIPRADO
Ltd., based on 26 varieties belonging to 15 species (Table 1); 2) SIMPLE mixture by CNR,
based on 5 species, including local cultivars and ecotypes and one commercial variety; 3)
ANNUAL FORAGE CROP (AFC), based on a local mixture of oat and lItalian ryegrass,
managed conventionally, usually for direct utilisation in winter and hay production in late
spring.

Table 1. Composition and sowing rate (kg ha™) of COMPLEX and SIMPLE pasture mixtures.

COMPLEX mixture

e Annual legumes e Perennial grasses

Biserrula pelecinus cv. Cashah 1 Dactylis glomerata cv. Currie 2
Medicago polymorpha cvs. Santiago, Scimitar 2 Festuca arundinacea cv. Demeter 1
Ornithopus sativus cvs. Erica and Margurita 2 Lolium perenne cv. Victorian 1
Trifolium glanduliferum cv. Prima 1 Phalaris aquatica cvs. Atlas, Landmaster 2
Trifolium michelianum cv. Paradana 2
Trifolium resupinatum cvs. Prolific, Nitro Plus, 3
Kyambro
Trifolium subterraneum cvs. Dalkeith, 4 e  Perennial legumes:
Campeda
Trifolium subterraneum cvs. Clare, Davel 4 Medicago sativa cvs. Genesis, H. River 1
Trifolium subterraneum cvs. Trikkala, Riverina 2 Lotus corniculatus cv. San Gabriel 0.5
Trifolium vesiculosum cv. Cefalu 1 Lotus tenuis cv. Estero 0.5
SIMPLE mixture

e Annual grasses e  Perennial legumes
Lolium rigidum cv. Nurra 5 Medicago sativa cv. Mamuntanas 8

e Annual legumes
Medicago polymorpha cv. Anglona 7 e  Perennial grasses
Trifolium subterraneum ecotype Funtana Bona 2 Dactylis glomerata cv. Currie 8

The fertilisation was made with 200 kg ha® of Diammonium phosphate (18-46-0), for the
AFC and 300 kg ha™ of Phosphate (18% P,Os) for both mixtures. In the whole field, 15 kg ha’
! of Sulphate Fe (Fe SO.) was also applied. Sowing was carried out on the14™ October 2005,
with 200 kg ha™ of local seeds for AFC and 30 kg ha™ of seeds for the two mixtures. Sowing
was made using a precision seeder, followed by a superficial tilling and a final rolling.
Seedling establishment was estimated at the 3rd trifoliate leaf for legumes, counting the
number of seedlings on 20 quadrats (25 x 25 cm) per treatment. Botanical composition was
estimated with a destructive method on fresh biomass cut in a 0,125 m? ground level sample.
The phenological phases from spring up to the complete senescence of each mixture
component were also recorded. The field was grazed by “Sarda” bred dairy sheep, when the
height of the canopy exceeded 15 cm. Before and after each grazing, biomass availability was
estimated on 8 representative sample areas of 1 m? per treatment. The fresh biomass of each
component was oven dried (80°C for 48 hours) and weighed for estimation of dry matter
yield. Biomass production and botanical composition were also estimated at the end of spring
on 4 ungrazed sample areas under fixed cages (1 x 1 m) per treatment.

Results and discussion

In 2005-06, the site area was characterised by a rainy autumn and winter, with more than 400
mm between October and March, and a dry spring, with only 23 mm of rains between April
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and June 2006. The colder temperatures were measured between January and February with 3
frost days.

As expected, the AFC emerged and established earlier than the two mixtures, with a higher
seedling density, with around 700 seedlings m? in November. SIMPLE (540 seedlings m™)
established better than COMPLEX, with about 200 seedlings m? more. From the early
phases, S. marianum constituted slightly less than 10% of the botanical composition in the
two mixtures.

A relevant presence of S. marianum was recorded at the end of winter in the two mixtures.
Mainly in SIMPLE mixture, it was partially balanced in spring thanks to the competitive
impact of L. rigidum and M. polymorpha. This invasion constitutes a serious management
problem for farmers in the area and often limits the DM availability on natural and sown
swards. AFC gave early grazing in late autumn and winter, as well as in spring when hay
production was compromised because of spring drought (Table 2).

Table 2 - Grazing calendar and available DMY. Turns of animal presence with indication of grazing time
(number of hours) and flock composition. Herbage allowance and residual (t ha™) at the grazings.

Grazing period L flock herbage  herbage
- n. of days treatment grazing time .
beginning end (n. ewes) allowance residual

15-Dec 29-Dec 15 AFC 90 30 0.9 *
21-Feb 23-Feb 3 AFC 18 60 3.3 *
30-Mar 04-Apr 6 COMPLEX 36 30 4 %% 3 %%
12-Apr 13-Apr 2 COMPLEX 4 250 ' '
05-Apr 10-Apr 6 SIMPLE 36 30 4 3% 3 74
12-Apr 13-Apr 2 SIMPLE 6 250 ' '
14-Apr * * AFC * 30 1.6 *

* The flock was left grazing a wide field of senescing herbage on the annual forage crop, included in the
experimental trial
** Sum of two grazings

COMPLEX and SIMPLE mixtures were grazed only in spring, showing a slow establishment.
In April, the abundance of biomass and the need to reduce the sward height of the two
treatments to facilitate herbicide distribution (Glyphosate) on unpalatable thistle plants, lead
to carry out a double grazing in two phases: a lighter one with 30 ewes for 6 days and a
second heavier one with 250 ewes for two days. More than 4 t ha™ of available DM both for
COMPLEX and SIMPLE were estimated (table 3). A high contribution of legumes was
recorded, with particular emphasis on M. polymorpha in both mixtures. SIMPLE mixture was
characterised by a strong dominance of L. rigidum. Regarding phenology, earlier flowering
was observed in M. polymorpha accessions (20" March) followed by T. glanduliferum and
subterranean clovers, while late flowering resulted for T. vesiculosum (28th April) within the
COMPLEX mixture. Beginning of flowering was concentrated in early April for the three
annual components of SIMPLE mixture. Senescence occurred earlier in T. glanduliferum at
the beginning of June while T. vesiculosum dehydrated completely by the end of June.
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Table 3 - Total annual DMY (t ha™, with st.dev. in italic) and botanical composition (%) at spring in the ungrazed cages

TREATMENT
COMPLEX SIMPLE AFC

Total annual DMY (tha ;) 4.2+ 0.9 52+ 0.5 51+ 0.4
Floristical composition (%)  MP Scimitar/Santiago 159 LR Nurra 42.1 Oat/Italian ryegrass 81.3

TG Prima 10.8 MP Anglona 21.6 Other Spp. 18.7

TR Nitro Plus/Prolific 5.1 MS Mamunthanas 3.2

TS Clare 4.3 TS Funtana Bona 2.7

TR Kyambro 2.6 Other Spp. 30.4

LP Victorian 0.6

TM Paradana 0.3

TS Campeda 0.2

MS Genesis/SanGabriel 0.1

Other subclovers 10.4

Other Spp.* 49.7

* = The grazing was heavy, as conventionally, and didn't permit the estimation of the residual dry matter

Conclusions

These preliminary results highlighted difficulties in the establishment of most perennials for
both mixtures, in contrast with the observations made by Porqueddu and Maltoni (2005) on
similar simple mixtures at the plot level, and also of several new annual legumes within the
COMPLEX mixture. Only Trifolium glanduliferum cv. Prima and two burr medics cvs.
Scimitar and Santiago showed a good establishment for the COMPLEX commercial mixture.
The SIMPLE mixture performed a better control of the invasive unpalatable thistle in the
early phases, a balanced composition in winter between grasses and legumes and a high
spring growth. The AFC established rapidly, giving early grazing in late autumn and winter
and a strong competition against the invasive thistle. Thus, unsown species competition
confirmed to be a challenge, especially in the case of grass-legume mixed sown swards where
spraying herbicide is not possible.

The possibility to enhance sward productivity by exploiting the synergies existing among
plant functional groups (grass/legume and fast/slow establishing species) as an alternative to
high artificial inputs (e.g. organic farming) is of great importance. An optimal proportion of
grass/legumes and annual self-reseeding/perennials, can favour species’ establishment,
improve soil covering rates and persistence. Grass-legume mixtures may also have the
advantage of stabilizing yield over the growing season, which may be more important than
achieving high yields, especially in Mediterranean rainfed conditions. The asynchrony of the
growth cycles of grasses/legume is responsible of a reduction of within year seasonal
variations; whereas the asynchrony of the growth cycles of fast/slow establishing species can
reduce between year biomass variations.
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Abstract

The stable balance between legumes and grasses in the swards, sustainable forage production
within grazing season and over several years are still relevant objectives in grassland
management. Different swards consisting of Trifolium repens L., Medicago sativa L., Lolium
perenne L., Poa pratensis L., Festulolium hybrid in 1999-2006 were investigated under
grazing management on a gleyic loamy Cambisol. The proportion of legumes in the
legume/grass mixtures fluctuated both from year to year and within individual growth
periods, and was very strongly influenced by environmental stress. The yield of legumes in
the swards consisting lucerne after eight years of grazing accounted for nearly half and even
more than half of the total sward yield. The content of white clover decreased more rapidly
than content of lucerne. Among three functional groups (legumes, grasses and forbs), the
persistence and competition of grasses with increasing sward age decreased. A positive effect
of lucerne on stability of grazing swards was obtained over eight years. The yield distribution
over grazing season in lucerne based swards was more even than that in grass or white
clover/grass swards.

Keywords: lucerne, white clover, grasses, sward composition
Introduction

The research needs to focus on the development of sustainable systems of production that are
sufficiently resilient to maintain sward persistence and agricultural production under
environmental stress (Rochon et al., 2004). The main environmental factors affecting growth
and herbage production are temperature, light and soil moisture (Hopkins, 2000).

The benefits of legume-based pastures cannot be assessed in terms of total DM productivity
alone. White clover is the main legume to be found in pastures and meadows of temperate
regions and is adapted to survive in a range of grassland environments (Frame et al., 1998).
Other legumes are of relatively little importance, such as lucerne, especially in grazed swards,
because of low persistence and slow recovery of damaged plant parts. The proportion of white
clover is unstable during the growing period, so that the resulting proportion of white clover
in the mixture and its contribution to the herbivores’ diet are still unpredictable (Rochon et
al., 2004).

The influence of mean temperature and cumulative day-degrees during different growth
periods on the relative yields of white clover, red clover, lucerne, lotus and galega were
analysed for different sites of Europe and showed that red clover and lucerne had high annual
yield potentials. Across all sites, red and white clover showed the most stable yields. When
comparing different legume species under similar site and environmental conditions, red
clover and lucerne yielded about 2.5 t DM ha* more than white clover and there was a
significant impact of cumulative day-degrees during regrowth and the age of ley on the total
annual yield. The persistence index (Halling et al., 2004) was lowest for red clover and
highest for lucerne. The objective of our experiment was to evaluate balance between legumes
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and grasses, sustainability forage production within grazing season and over several years in
different swards.

Materials and methods

During 1998 — 2006 a randomized block design field trial of pasture utilization was carried
out on a loamy Endocalcari-Epihypogleyic Cambisol near Dotnuva, Lithuania (55°24’N,
23°50 E, average annual rainfall 555 mm, average annual temperature 6° C, average length of
growing season 194 days). The pasture was re-established in the spring of 1998 with an
oat/vetch cover crop for green forage. Soil pH varied from 6.5 to 7.0, humus content was 2.5-
3.2 %, available P 50-80 mg and K 100-150 mg kg™. The treatments in four replicates
involved different swards consisting of white clover (Trifolium repens L.) cv. Sudaviai,
lucerne (Medicago sativa L.) cv. Biruté, perennial ryegrass (Lolium perenne L.) cv. Sodr¢,
meadow grass (Poa pratensis L.) cv. Lanka and Festulolium hybrid cv. Punia. Legume/grass
proportion in the seeding mixtures was 40:60 (swards without lucerne) or 60:40 (swards
containing lucerne). The grasses were also sown in pure stands and either fertilized with 240
kg N ha™ yr* or given no fertiliser N. In spring and after first, second and third grazings
nitrogen was applied at a rate 60 kg N ha™ The grazing season lasted from the beginning of
May until middle of October. Interval between two consecutive grazings lasted 25-40 days,
four grazings per season. During 8 years of experiment climatic conditions differed to a great
extent: grazing periods 2000, 2001, 2004 and 2005 were normal, 1999 wet, 2003 dry, and
2002 and 2006 very dry and warm. Stocking density was 2-2.5 dairy cows ha™ yr?, grazing
season duration 150 days. Before grazings half of each plot was cut for the dry matter (DM)
yield determination. The DM vyield data were statistically processed using analysis of
variance.

Results and discussion

The total annual dry matter yield was primarily affected by the climatic conditions and less by
sward composition (Table 1 and Table 2). The swards responded differently to seasonal
conditions. The DM vyield in 2002, 2003 and 2006 was markedly lower than in all other years
including 2005, i.e. 7" year of use. The yield of white clover in dry seasons declined more
than that of lucerne and grasses or forbs. Only lucerne based swards had in all years a higher
total and legume yield.

Table 1. Total dry matter annual yield of different swards and its persistence over eight years of use, t ha™

Swards 1999 2000 2001 2002 2003 2004 2005 2006 8yrs Persis-
mean tence
index?
Trifolium repens/ 6.12 5.49 5.02 2.58 2.69 5.26 4.74 274 433 0.64

Lolium perenne

T. repens/L. perenne/ 6.56 5.36 5.16 2.47 220 473 525 293 433 0.68
Poa pratensis

Medicago sativa/ 755  8.87 7.19 304 559 863 824 452 670 0.78
L. perenne/P. pratensis

T. repens/M. sativa/ 6.96 8.11 6.56 3.02 476 704 7.03 477 6.03 0.78

L. perenne

L. perenne/N, 3.23 4.45 4.73 3.12 231 438 521 313 382 1.09
L. perenne/Ny4 7.54 7.10 451 3.04 420 772 570 426 551 0.68
T. repens/ 6.74 6.21 5.36 2.60 253 497 476 294 451 059
Festulolium hybrid

LSDy,05 0511 0421 0.398 0.615 0.366 0.497 0.466 0.591 0.490
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Table 2. Legume annual dry matter yield of different swards and its persistence over eight years of use, t ha™

Swards 1999 2000 2001 2002 2003 2004 2005 2006 8yrs Persis-
mean tence

index”

Trifolium repens/ 2.99 0.84 1.76 0.57 019 240 250 023 144 071

Lolium perenne

T. repens/L. perenne/ 3.48 1.10 2.13 0.74 019 200 258 020 155 0.61
Poa pratensis

Medicago sativa/ 5.25 5.92 4.69 1.58 404 656 542 297 455 0.75
L. perenne/P. pratensis

T. repens/M. sativa/ 404 271 358 163 304 432 374 291 325 0.99
L. perenne

T. repens/ 240  1.08 187 050 017 221 218 014 132 0.67
Festulolium hybrid
LSDg.05 0.214 0.135 0.193 0.163 0.190 0.283 0.244 0.286 0.220

Y Sward persistence index — last 2 years yield ratio to first 2 years

Table 3. Annual yield distribution over the grazing season: the DM vyield in July-September ha, and its ratio to
the yield in May-June

Swards 1999 2000 2001 2002 2003 2004 2005 2006 Mean

Total DM yield (x) and ratio (y)

Trifolium repens/ X 319  2.69 249 044 054 270 122 128
Lolium perenne y 1.09 097 098 021 025 105 035 088 0.72
T. repens/L. perenne/ X 352 265 265 054 041 252 133 157
Poa pratensis y 116  0.98 1.06 0.28 023 114 034 115 0.9
Medicago sativa/ X 481 438 3.75 1.08 258 478 295 202
L. perenne/P. pratensis y 1.76 0.98 1.09 0.55 086 124 056 081 0.96
T. repens/M. sativa/ X 3.83 4.19 3.61 1.01 208 362 234 230
L. perenne y 1.22 1.07 1.22 0.5 0.78 106 0.5 0.98 0.91
L. perenne/Ng X 1.31 2.08 2.32 0.31 020 251 117 1.66

y 068 088 096 0.11 009 134 029 113 0.69
L. perenne/Nasg X 352 371 219 052 126 410 218 218

y 0.88 1.09 094 021 043 113 105 105 0.77
T. repens/ X 3.73  3.03 271 045 043 252 102 153
Festulolium hybrid y 124 095 1.02 021 020 102 027 109 0.5

Legume DM yield (x) and ratio (y)

Trifolium repens/ X 200 0.63 118  0.13 012 176 048 0.13
Lolium perenne y 202 300 203 03 171 275 024 130 1.27
T. repens/L. perenne/ X 2.20 0.75 1.53 0.25 0.1 146 056 0.08
Poa pratensis y 172 214 255 051 111 270 0.28 0.67 1.26
Medicago sativa/ X 3.90 3.01 2.87 0.93 228 399 209 126
L. perenne/P. pratensis y 2.89 1.03 1.58 1.43 130 155 063 0.74 1.26
T. repens/M. sativa/ X 2.70 1.77 2.53 0.84 191 269 150 134
L. perenne y 2.01 188 241 1.06 169 165 0.67 0.85 1.43
T. repens/ X 152  0.87 132 014 0.1 1.74 044 0.07
Festulolium hybrid y 173 414 240 0.39 143 370 025 2.00 1.42

Seasonal variation in the herbage yield complicates grazing management. Suitable legumes
for grazing and their stable proportion in second half of the growing season (July-October)
could support grazing in autumn and minimize supplementary feeding. The yield distribution
over grazing season in lucerne based swards was more even than that in grass or white
clover/grass swards (Table 3). Similar results were obtained in lucerne cultivars experiment in
Dotnuva (Gutauskas and Petraityte, 2002). In our investigations the yield ratio between first
and second half of grazing period was more favourable in lucerne/grass or white
clover/lucerne/grass swards than in other swards. Legumes enabled a better distribution of
yield over the grazing season than grasses or forbs. The use of nitrogen to perennial ryegrass
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improved yield distribution within grazing season, but it was less beneficial comparing with
lucerne based swards.

Conclusions

Lucerne based swards had a higher total and legume yield and showed a positive effect on
stability of grazing swards over eight years.

The legume DM vyield of different swards fluctuated both from year to year and within
individual growth periods, however legumes enabled a better distribution of yield over
grazing season.

The use of nitrogen to perennial ryegrass improved yield distribution within grazing season,
but yield ratio between first and second half of grazing period was more favourable in
lucerne/grass and white clover/lucerne/grass swards.
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The effect of the age of grassland on yield, botanical composition and
nitrate content in the soil under grazing conditions

De Vliegher A. and Carlier L.
Institute for Agricultural and Fisheries Research ILVO, B-9820 Merelbeke, Belgium
Abstract

The aim of the experiment is to determine the effect of the age of grassland on productivity
and quality of the sward under rotational grazing conditions. During five consecutive years
the same grass-clover and grass mixture was sown in Merelbeke (1996 - 2000). The dry
matter yield was measured until 2006. The first sowing year 1996 was the reference. The
results 1997-2001 show that grassland renovation itself does not increase productivity when
the botanical composition of the original sward is good. Renovation resulted in lower yields,
mainly in the year of sowing and during the 2 following years. White clover developed very
well; at the end it was dominating the sward and causing a drop in dry matter production and
a considerable nitrate leaching risk.

Keywords: grassland renovation, yield, grass clover mixture
Introduction

Grassland renovation is common practice in Flemish dairy farming. Application of a non-
selective herbicide followed by ploughing, a good seed bed preparation and the use of a
promising mixture is the normal procedure for grassland renovation in Flanders. Earlier
studies from De Vliegher et al. (1986) showed that in many cases direct drilling resulted in
inferior sward development and a second grassland renovation. Data concerning the yield
level of renovated grassland versus the yield level of an older pasture is rare. This results in an
inadequate estimation of the economy of grassland renovation. In practice there is a tendency
to think that in all circumstances renovated grassland would be more productive than the old
sward. The advantage of grassland renovation can be attributed to an improvement in
botanical composition, use of better varieties and/or the difference in yield potential between
new and older grassland because of soil and sward characteristics. In this experiment the
influence of the sward’s age on productivity was examined for a perennial ryegrass and grass
clover sward.

Material and methods

The experiment was carried out on a sandy loam soil in Merelbeke In September 1996, 2
mixtures were sown in a ploughed grass sward at 40 kg ha™: (i) 50% tetraploid and 50%
diploid Lolium perenne L. and (ii) a mixture of Lolium perenne L. (45%) Festuca pratensis
Huds. (45%) and Trifolium repens L. (10%). Each year in September 1997- 2000 a strip of the
sward sown in 1996 was ploughed and reseeded with the same mixtures including the same
varieties. Both grass and grass clover swards were grazed separately by young bulls or heifers
in a rotational grazing system with one cut in spring followed by approximately 5 grazmq
periods each 3 to 5 days. Nitrogen fertlllsatlon was identical for all treatments: 330 kg N.ha
for ryegrass sward and 170 kg N.ha™ for grass clover mixture. No slurry was applied.

Just before mowing as well as before and after grazing 3 strips of 8.4 m2 were cut in each
treatment in order to calculate net grass yield. The quantity of white clover in the sward
during the season was estimated by separating grass and clover from samples taken at the
beginning of a grazing period. In autumn 2001 and 2004-2006 the botanical composition was
evaluated and species scored in percentage of importance.
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Results and discussion

Compared to the sward sown in 1996 the annual renovation of a strip during the period 1997-
2000 resulted in a decline in dry matter yield in the 10 year period: 5% (2-6%) on average for
the ryegrass sward and 9% (6-11%) for the grass clover mixture (Table 1). This corresponds
with an average loss of 0.5 ton DM ha™ year™ and 0.9 ton DM ha™ year™ for the grass and the
grass clover sward respectively. Renovation of this pasture did not result in higher production
levels for each of the 4 reseedings. There were, however, considerable losses in dry matter
yield in the autumn of the sowing year and in the first and second year of the new sward..
Reseeding in September caused in the sowing year DM yield losses of 0.9 and 0.75 t ha™ for
grass and grass clover respectively. In the first year after sowing the new grass sward yielded
1.6 t DM ha™* less than the reference sowing year 1996. For grass clover the difference ran to
3.2 t DM ha. It is obvious that the new swards sown in late autumn are not completely
established. As a result the first cut is much lower in yield compared to the high yielding
reference, especially in the grass clover sward: N- fertilization is reduced and white clover is
only in installation phase and does not deliver any nitrogen for grass growth. In the second
year after sowing the vyield difference between reseeding and the reference was still
approximately 1.5 and 1.4 t DM ha™ for the grass and grass clover sward. During the
considered period 1996-2001 the sward of the grass reference -sowing 1996- contained almost
exclusively the sown species Lolium perenne L.. This explains the high yield potential of the
reference under this management regime during the reseeding phase of the other treatments.
Reseeding such a pasture is not a practical issue but it illustrates that reseeding in itself does
not increase yield.

Wolters (1972), Andries et al. (1981) and Mott and Ernst (1984) came to the same conclusion
when the botanical composition of the old sward is of good quality. At least 60% of the grass
species must be recognized as being of good quality (digestibility and intake) for ruminants.
Schiltz et al. (2002) stated that grassland renovation is financially attractive when the new
sward produces 10 to 25% more than the old sward. In Belgian conditions new grassland
should produce 5-7% more than the “old’ one in order to compensate the costs (Nevens et al.
2002).

During the period 2001-2006 the reference sward is 5 to10 years old. Even in this period the
yield of the swards that are 1, 2 or 3 years younger is lower but not significantly different
from the reference. Over a period of 10 years and in the last year the oldest sward was the
highest in production in both grass and grass clover sward.

The botanical composition was periodically determined from November 2001 to 2006. Before
2001 it was clear that replacement of perennial ryegrass by indigenous grass species was
negligible. In 2001, 2004 and 2005 ryegrass and white clover (in the grass clover pasture)
were the dominating species within the sward. The importance of perennial ryegrass in the
grass sward dropped from 74% in 2005 to 61% in November 2006 because Poa species had
been developing in the sward. Differences in yield between the treatments were not related to
their individual botanical composition. Although the drop in DM production of the grass
clover sward in 2006 corresponds with a significant replacement of perennial ryegrass by Poa
species (Table 2)

Even though sowing took place in late season, the establishment of white clover was
satisfactory in almost all sowing years and developed well in the years after sowing, mainly
due to the moderate nitrogen fertilization of 170 kg N ha™. Meadow fescue (45 % of the
mixture) did not persist so well and its presence after 5-10 years of renovation decreased to
<5%. The average clover content in the summer period was about 30%, 40%, 37%, 25% and
23% respectively for the sowings that took place in 1996, 1997, 1998, 1999 and
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Table 1. Influence of resowing grass and grass white clover mixtures on the nett dry matter yield under grazing during the period 1997-2006.

Grassland Nett dry matter yield compared to nett dry matter yield of the sowing 1996
harvest year 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 average
type 1997 -  2001-
sowing year. 2006 2006
Grass 1996 100 100 100 100 100° 100° 100*  100® 1002 100° 100 1002
1997 94! 90° 102 99 103° 96° 97° 93%® 103° 98 98 98
1998 (100) 96! 92° 85 95% 942 106 912 98 90" 94 953
1999 (100) (100) 01! 822 91%® 83%® 1012 105° 1012 992 95 97%
2000 (100) (100) (100) 88! 842" 74° 118% 96 91%® 97%® 94 93°
100 = ... .kgha® 9537 10326 9961 13418 12128 11427 11439 13138 12771 12885 11703 12298
Grass + 1996 100 100 100 100 100° 100° 100*  100® 1002 100° 100 1002
Clover 1997 og! 542 85 111 1002 1082 89% 94%® 99° 91° 93 97%®
1998 (100) 95! 73° 105 1052 102 72°¢ 77° g1 85 89 86¢
1999 (100) (100) 94! 76° 71° 111° 85% 89" 86 91%® 90 89
2000 (100) (100) (100) 86! 83" 89° 109 ° 94 91%® 93%® 94 945
100 = ... ..kgha® 8416 10491 11588 11817 10803 11196 12639 13421 10721 9544 11064 11387

D nett yield of sowing up to the sowing date

@: nett yield in first year after sowing

Table 2. Botanical composition of the grass and grass clover swards in % of importance (average of the treatments)

Year of
determination

Grass

Grass clover

Herbs, weeds  Lolium perenne  other grasses

' Lolium perenne  other grasses white clover white clover Herbs, weeds
2001 93 (85-98)" 2 (0-5) 2 (0-8) 2(1-4) 67 (60-73) 4 (1-9) 26 (20-30) 4 (2-6)
2004 76 (66-89) 12 (6-16) 4 (0-11) 8 (0-19) 35 (22-48) 18 (10-30) 43 (39-48) 4 (1-9)
2005 73 (65-85) 11 (0-19) 6 (0-15) 10 (5-14) 43 (39-52) 35 (22-46) 19 (11-26) 3 (1-6)
2006 61 (53-80) 38 (17-50) 1(0-3) 0 (0-0)@ 22 (18-31) 51 (40-68) 26 (12-39) 1(0-3)@

W: average (minimum- maximum)
@: herbicide treatment in autumn



2000. The clover percentage in the sward varied not only during the grazing season (low in
spring, high in summer and moderate in autumn) but also from year to year. Compared to
2005 (19%) clover development was significantly higher in 2004 (67%). Managing a good
clover part in a grass clover sward is not easy and depends on a multitude of factors,
especially the weather conditions.

Depending on weather conditions (repartition of the precipitation, temperature and sunshine)
and management conditions the yield of the grass sward varies from one year to another. This
also influences nitrate content in the soil after grazing season. The nitrate Council Directive
91/676/EEC is one of the 19 cross compliances the farmer needs to fulfil in order to obtain his
single EU payment (Council Regulation (EC) No 1782/2003). In Flanders this Directive has
been “translated” into a limitation of the NO3-N content after harvest to 90 kg/ha in the soil
layer 0-90 cm. Even though the grass-clover sward was fertilized with half the quantity of
mineral nitrogen compared to the grass sward NOs-N content in the soil after the grazing
season was on average the same (72 kg versus 67 kg) and so was the risk at passing the
barrier of 90 kg NO3-N ha'l (22% in both cases). Within the grass and grass clover pasture
there was a variation in nitrate content in the soil between sowing years but this was not
related to the age of the grassland. In 2006 the nitrate content on the grass clover swards was
high (144 kg N ha™). A lower nett grass yield compared to the grass pasture, a very high
clover content in the dry matter, a long grazing season and high temperatures in October and
November could explain this. White clover not only “fertilises” the accompanied grass, but
may also result in high residual nitrate content in the soil.

Conclusion

In this experiment the yield of a 5 to 10 years old pasture - ryegrass or grass clover - was
better than the yield of a renovated pasture because the botanical composition was almost
identical and grassland renovation caused dry matter yield losses in autumn of the sowing
year and during the next consecutive 2 years. It is better to manage “old” or “permanent”
grassland with a good botanical composition in a good way rather than renovate it. White
clover was really dominating the sward at the end of this experiment under grazing conditions
and there was a considerable risk at nitrate leaching.
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Meadow fescue or smooth meadow grass for cutting and grazing
Nesheim L.

Norwegian Institute for Agricultural and Environmental Research, Grassland and Landscape
Division, Kvithamar, N-7500 Stjordal, Norway

Abstract

In most regions of Norway perennial ryegrass (Lolium perenne) does not have sufficient
winter hardiness to survive the winters. Timothy (Phleum pratense) is the most common sown
species in Norwegian grassland. The persistence is far better than for perennial ryegrass, but
timothy is not particularly well suited for grazing and semi-permanent grassland. Therefore,
there is a need for varieties of other species, which are high yielding, persistent and well
suited both for cutting and grazing in temporary and semi-permanent grassland. In the years
2000 and 2001 three varieties and one cultivar of meadow fescue (Festuca pratensis) and four
varieties of smooth meadow grass (Poa pratensis) were sown on experimental plots at 17 sites
all over Norway. The harvest regime was either cutting (2-3 cuts) or simulated grazing (4-5
harvests). The experiments were harvested for three years. The varieties of smooth meadow
grass established much slower than the varieties of meadow fescue, resulting in lower DM
yield, particularly in the first year of ley, both in the grazing and cutting regime. The forage
quality was about similar for both species. In the third year there were no significant yield
differences between the species, and the proportion of sown species was also quite similar.

Keywords: Festuca pratensis, forage quality, persistence, Poa pratensis
Introduction

Most meadows in Norway are sown with a mixture of Norwegian varieties of timothy
(Phleum pratense), meadow fescue (Festuca pratensis) and red clover (Trifolium pratense).
Foreign varieties of perennial ryegrass (Lolium perenne) are grown to some extent at the
Western coast. This species is well suited for frequent cutting and grazing, the forage quality
is high, but the winter persistence is often not satisfactory under Norwegian conditions. The
persistence of timothy is far better than for perennial ryegrass, but timothy is not particularly
well suited for grazing and semi-permanent grassland. Therefore, there is a need for cultivars
of other species, which are high yielding, persistent and well suited both for cutting and
grazing in temporary and semi-permanent grassland. The objective of the present work was to
investigate the production, quality and persistence of four varieties of each of the species
meadow fescue and smooth meadow grass (Poa pratensis) at different sites. The harvest
regime was either cutting (2-3 cuts) or simulated grazing (4-5 harvests).

Materials and methods

An experiment was conducted with two replicates of eight varieties distributed at random on
small plots (1.5 m x 7.0 m), in one block of 16 plots for the cutting regime and in one block
for simulated grazing. The varieties of meadow fescue (all Norwegian) were: ‘Salten’, ‘Fure’,
‘Hugin’ (a cultivar, not included in The Norwegian Official List of Varieties) and ‘Norild’.
The varieties of smooth meadow grass were: ‘Oxford” (British), ‘Monopoly’ (Dutch),
‘Entopper’ (Dutch) and ‘Knut” (Norwegian).
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The experiment was established at 17 sites in 2001 and 2002. Four trials were located in
Eastern Norway with a continental climate (400-900 mm precipitation year™), three fields
were situated at the Western coast (precipitation > 1000 mm year™, mild winters), five trials
were located in Central Norway and five fields in Northern Norway, where the precipitation
varies from about 500 mm inland to more than 1500 mm at the coast, and the winter
conditions may be very variable.

The experimental fields were fertilised with compound fertiliser according to common
practise in the region. The first of 2-3 cuts (number of cuts depended on the length of growing
season) was taken at heading of meadow fescue. On the simulated grazing regime the plots
were harvested for the first time when sward height of smooth meadow grass was about 15
cm. Thereafter the plots were harvested every 4-5 weeks. The proportion of sown species was
assessed visually as per cent of DM vyield at each harvest. In the first year of the ley dried
samples were analysed for forage quality using Near Infrared Reflectance Spectroscopy
(NIRS) (Fystro and Lunnan 2006). The content of crude protein (CP) was calculated as
Kjeldahl N x 6.25, and a measure of energy concentration (feed units (FU) per kg of DM) was
determined according to Lunnan and Marum (1994). The trials were harvested for three years.

Results and discussion

The varieties of meadow fescue established much better than the smooth meadow grass
varieties, which resulted in significantly higher proportions of sown grasses for meadow
fescue in the first year, both in the cutting and the grazing system (Table 1 and 2). In the
second and third year the proportion of sown grasses was quite similar in both regimes for the
two species, but there were some differences between the varieties. After three years the per
cent sown grasses was significantly higher for the Norwegian variety ‘Knut’ than for
‘Entopper’ in the cutting system, but not in the simulated grazing system. Grazing did not
result in lower persistence of either species, however, the proportions of smooth meadow
grass were somewhat higher in the third year after grazing compared to the cutting system.

Table 1: Cutting regime: Percent sown grass species at the second cut and total DM yield of 2-3 cuts in tons ha™

1% year of ley 2" year of ley 3" year of ley
Species/variety % grass 2™ Total % grass Total % grass Total
cut DMyield 2" cut DMyield 2" cut DM yield
Meadow fescue:
Salten 84a 9.60a 70 9.95 67ab 9.45
Fure 83a 9.90a 71 9.96 72a 9.28
Hugin 83a 9.56a 63 9.79 60ab 9.41
Norild 88a 10.09a 79 10.09 74a 9.47
Smooth meadow grass:
Oxford 56b 8.33b 61 9.77 62ab 9.88
Monopoly 57b 8.22h 59 9.76 65ab 9.89
Entopper 50b 8.01b 58 9.12 56b 9.32
Knut 60b 8.00b 65 9.59 73a 9.93

Average of 17 trials in the first year, 15 trials in the second year and 13 trials in the third year. Means marked
with different letters were significantly different (P < 0.05) according to a Ryan-Einot-Gabriel-Welsch multiple-
range test.
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The dry matter yields were significantly higher for meadow fescue than for smooth meadow
grass in the first year (Table 1 and 2). In the following two years the yield was quite similar.
There were no yield differences between varieties of the same species in any of the years. For
both species the mean DM vyield of three years was about 2.2 tons higher per hectare on the
cutting system than on the simulated grazing regime. Because the feed quality was analysed
only the first year, it is not possible to estimate the mean yield of feed units for the whole
experimental period. But in the first year the total yield of feed units on the simulated grazing
system was 85% of the corresponding yield on the cutting system, compared to 77% based on
dry matter yield.

Table 2: Simulated grazing regime: Percent sown grass species at the third harvest and total DM yield of 4-5
harvests in tons ha™

1% year of ley 2" year of ley 3" year of ley
Species/variety % grass 3" Total % grass Total % grass Total
harv. DMyield  3harv. DMyield  3“harv. DM yield

Meadow fescue:

Salten 8la 7.14b 88ab 7.87 70bc 6.30b

Fure 85a 7.71ab 86abc 8.05 69bc 6.54ab

Hugin 84a 7.67ab 83abc 7.88 64c 6.49ab

Norild 86a 8.15a 9la 8.09 74abc 6.55ab
Smooth meadow grass:

Oxford 61b 6.02c 75hc 7.81 83ab 6.73ab

Monopoly 61b 6.14bc 80abc 7.93 84ab 6.99a

Entopper 59b 6.09bc 73c 7.69 80ab 6.50ab

Knut 62b 6.22bc 8labc 8.17 85a 7.00a

Average of 16 trials in the first year, 14 trials in the second year and 13 trials in the third year. Means marked
with different letters were significantly different (P < 0.05) according to a Ryan-Einot-Gabriel-Welsch multiple-
range test.

At the first cut of the cutting regime there were only small differences in feed quality
parameters between the two species (Table 3). The varieties of meadow fescue had a slightly
lower content of crude protein and WSC, and a higher content of fibre (NDF) than the smooth
meadow grass varieties.

Table 3: Cutting regime: Feed units kg DM (FEm), in vitro digestibility of dry matter (IVDDM), content of
crude protein, neutral detergent fibre (NDF) and water-soluble carbohydrates (WSC) as % of DM at the first cut
in the first year of ley

Species/variety FEm IVDDM Crude protein NDF WSC
Meadow fescue:
Salten 0.84ab 70.3 12.8ab 58.8ab 14.9bc
Fure 0.83b 69.7 12.6b 59.1a 15.0abc
Hugin 0.84ab 70.0 13.4ab 58.2abc 14.5¢
Norild 0.84ab 70.5 12.7ab 58.4abc 15.3abc
Smooth meadow grass:
Oxford 0.85ab 70.9 13.3ab 55.7cd 16.9ab
Monopoly 0.85ab 70.4 13.4ab 56.8abcd 15.5abc
Entopper 0.85ab 70.1 13.9a 56.1bcd 14.8bc
Knut 0.87a 71.5 13.7ab 55.2d 17.3a

Average of 15 trials. Means marked with different letters were significantly different (P < 0.05) according to a
Ryan-Einot-Gabriel-Welsch multiple-range test.

Parameters of feed quality at the first harvest in the grazing system are presented in Table 4.

The in vitro digestibility of smooth meadow grass was significantly lower than for meadow
fescue. The differences in feed units per kg DM were smaller between the two species.
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However, in later harvests in the first year (data not presented) the feed unit concentration of
smooth meadow grass varieties was significantly lower than in the varieties of meadow
fescue. Concerning the content of crude protein, fibore (NDF) and WSC the differences
between varieties were small.

Table 4: Simulated grazing regime: Feed units kg™ DM (FEm), in vitro digestibility of dry matter (IVDDM),
content of crude protein, neutral detergent fibre (NDF) and water-soluble carbohydrates (WSC) as % of DM at
the first harvest in the first year of ley

Species/variety FEm IVDDM Crude protein NDF WSC
Meadow fescue:
Salten 0.98a 79.4a 14.7abc 48.8 22.1ab
Fure 0.97ab 79.1a 14.3bc 49.6 21.4ab
Hugin 0.96 abc 78.7a 14.9abc 49.7 20.9b
Norild 0.96abc 79.1a 14.0c 50.0 21.5ab
Smooth meadow grass:
Oxford 0.95cd 76.3b 14.7abc 49.2 23.6a
Monopoly 0.94d 76.1b 15.5a 50.0 20.4b
Entopper 0.95bcd 76.8b 15.6a 47.9 21.4ab
Knut 0.95abcd  76.9b 15.2ab 48.1 23.6a

Average of 15 trials. Means marked with different letters were significantly different (P < 0.05) according to a
Ryan-Einot-Gabriel-Welsch multiple-range test.

Conclusions

The smooth meadow grass did establish much slower than meadow fescue, resulting in lower
DM vyields in the first year of ley. But in later years the varieties of smooth meadow grass
produced as much dry matter as the varieties of meadow fescue, and the persistence was at the
same level, or even better after three years of simulated grazing. Concerning forage quality
the differences between the two species were quite small, but the in vitro digestibility and the
feed unit concentration were slightly lower for the varieties of smooth meadow grass in the
first year (forage quality parameters were only analysed in year one).
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Productivity and persistency of Festulolium and Lolium x boucheanum
swards

Gutmane I. and Adamovich A.
Latvia University of Agriculture, 2 Liela iela, Jelgava, LV-3001, Latvia
Abstracts

The objective of this research was to investigate crop yield and sward persistency of
Festulolium and Lolium x boucheanum varieties under agro-ecological conditions of Latvia.
Field trials were established on sod-podzolic soil and fertilization rates were 120 (60+60) kg
N ha*or 180 (60+60+60) kg N ha™, 78 kg P,Os and 90 kg K,O ha™. The swards were
harvested three times during the growing season. On the basis of the experiments in the years
2003-2006, significant differences in DM yield and winter hardiness were found between
first, second and third year of yielding. Longevity of Festulolium swards were affected by
different reasons, such as suitability of each variety to specific conditions, different stress
conditions, and fertilization regime. The maximum yield was obtained in the 1st year of sward
use at both N treatments. On average, the N fertilizer dose increase to 180 kg ha™ contributed
to a DM vyield increase by 15%. The research results showed a substantial decrease in DM
yield (by 17%) already between first and second year of yielding. Differences between
varieties in DM yield were highly significant and exhibited a similar tendency during the
three harvest years.

Key words: Festulolium, Lolium x boucheanum, productivity, persistency
Introduction

Under conditions of Latvia’s climate, forage grasses are the main fodder source in cattle
breeding. The increasing requirement for sustainable agricultural grassland is extended
growing seasons, combined with good winter survival to ensure sward longevity (Harrison et
al., 1997). The level of the productivity and stability mostly depends on the genetic potential
of the forage grass species. Unfortunately, grass species that offer best winter survival are
frequently inferior to grass species used in agriculture as a source of high-quality digestible
fodder for grazing animals.

High-quality forage Lolium has been bred for intensive systems in benign environments and
has proved to be insufficiently robust to meet many of the environmental challenges in more
extreme conditions (Humphreys, 2002). Hybrid ryegrass (Lolium x boucheanum) is less
winterhardy but higher yielding than perennial ryegrass. In Baltic climate conditions it is not
widely used for the reason of unsatisfactory response to cold conditions (Gutmane and
Adamovics, 2004). Sometimes crops considerably suffer even in the first winter, which
decreases their productivity (Nekrosas, 2002).

However, developing forage grasses with potential for extended growth in the autumn and
spring may be achieved by hybridization between the more desirable species and native
winterhardy closely related species (Eagles and Fuller, 1982). Festulolium hybrids are among
the most persistent and productive grasses used in many European countries, especially in
adverse environments (Kohoutek et al., 2004). An important requirement for Festulolium is
combining ryegrass characters as productivity, growth potential and feeding quality, and
fescue characters as winterhardiness and resistance to drought during the growing period
(Casler et al., 2002).
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Materials and methods

Field trials were conducted in Latvia on sod-podzolic soils, with pH 7.1. The level of
phosphorus and potassium was 253 and 198 mg kg', respectively, and organic matter content
31g kg™. The swards were composed of: perennial ryegrass ‘Spidola’ (control); Festulolium
‘Perun’ (‘L. multiflorum x F. pratensis’), ‘Punia’ (‘L. multiflorum x F. pratensis’), ‘Saikava’
(‘L. perenne x F. pratensis’), ‘Lofa’ (‘L. multiflorum x F. arundinacea’), ‘Felina’ (L.
multiflorum x F. arundinacea), ‘Hykor’ (‘L. multiflorum x F. arundinacea’); and hybrid
ryegrass ‘Tapirus’ (‘L. multiflorum x L. perenne’). Sward plots were arranged in May 2002
and 2003 without cover crop, seeding rate was 1000 germinating seeds per m. The plots
were fertilized as follows: P 78 and K 90 kg ha®, and two N fertilizer treatments — N
120(40+40+40) and N 1800+60+60). Swards were cut three times per season. The experimental
data were subjected to ANOVA analysis and to correlation and regression analyses.
Meteorological conditions were different in winter and vegetation periods. In 2003, a black
frost during a cold winter and a hot July and first part of August were followed by mild
temperatures and rainfalls. The mild winter ad dry and cool spring in 2004 were followed by a
cool and wet summer. The early snow cover without frost contributed to snow mildew
formation in the winter of 2004/2005. The year 2005 was characterized by a late and cool
spring and hot and dry July. The cold and long winter with good snow cover in 2006 was
followed by an extremely hot and dry summer.

Results and discussion

On the basis of the experiments in the years 2003-2006, significant differences in DM yield
and winter hardiness were found between first, second, and third harvest year. Longevity of
festulolium swards were affected by different reasons, such as suitability of each variety to
specific conditions, different stress conditions, and using regime. Festulolium hybrids and
especially perennial ryegrass often are insufficiently resistant to winter conditions. The
analysis of the data showed a substantial decrease in winter hardiness during the harvest years
(Table 1).

Table 1. Winter hardiness (score 1-9s) during years of sward use
Sowing Year ofNitrogen o
year sward levels, Varieties (Fa)
use (Fc) kg ha'
(Fg) Spidola Lofa Felina  Saikava Hykor  Perun Tapirus Punia

2002  first N120 7.8 6.5 75 X 7.0 75 6.8 8.0
N180 7.8 6.5 75 X 7.0 75 6.8 8.0
second N120 7.8 7.3 7.8 X 7.8 7,5 7.5 8.0
N180 8.0 7.5 8.0 X 7.8 75 75 8.0
third  N120 6.3 5.3 7.0 X 7.0 5,8 5.5 6.5

N180 6.3 5.3 6.8 X 7.3 6.0 5.5 6.

LSDygos Fa=0.34; Fg=10.18; Fc=10.22; Fag= 0.48; Fac=0.59; Fgc=0.31

2003  first N120 7.8 7.8 X 8.0 7.8 7.8 8.0 8.3
N180 7.8 7.8 X 8.0 7.8 7.8 8. 8.3
second N120 6. 6.0 X 6.8 6.5 6.5 6.0 7.0
N180 6.5 55 X 6.3 6.5 6.0 5.8 6.8
third N120 4.0 2.8 X 45 5.3 3.8 35 5.0
N180 4.8 2.5 X 5.3 5.3 4.0 3.0 5.0

LSDggs Fa= 0.32; Fg=0.17; Fc=0.21; Fag= 0.45; Fac= 0.56; Fgc= 0.30
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The weather condition in the 2004/2005 winter contributed to snow mildew formation on
Festulolium and hybrid ryegrass swards. Both Festulolium cultivars ‘Hykor’ and ‘Felina’
demonstrated the highest resistance against snow mildew A significant correlation between
winter hardiness (r = -0,99 with P-value < 0.05) and resistance against snow mildew was
observed in the year 2005.

The great effect of the sward utilization year on the dry matter yield of Festulolium hybrids
and especially Lolium perenne has been mentioned in the literature. In Lithuania, dry matter
yield of Festulolium hybrids declined over 30 % in the second year of sward use (Lemeziene,
2004). Our results show a substantial decrease in DM yield even between first and second
harvest year, which was different for two sowing years. The average DM Yyield distribution
over the years showed significant differences. The maximum yield was obtained in the first
year of sward use in both sowing years.

For the sowing year 2002, maximum yield differences were observed between the second and
third year of sward use. Whereas for the sowing year 2003, maximum yield differences were
observed between the first and second year of sward use, which corresponds to the year 2005
when snow mildew formation and bad humidity conditions for the sward during spring and
summer were observed.

Perennial ryegrass, hybrid ryegrass, and Festulolium are grasses that require high nitrogen
fertilisation when grown for high dry matter yields.

The DM vyield was influenced substantially by both — the used variety as well as by nitrogen
fertilization rate (Table 2).

Table 2. DM yield (t ha, three years of sward use) at two N application levels
Sowing Year of Nitrogen

year sward levels, Varieties (Fa)
use (Fc) kg hat
(Fg) Spidola Lofa Felina Saikava Hykor Perun  Tapirus Punia

2002  first N120 11.09 14.30 15.96
N180 12.91 15.73 16.85
second N120 8.64 12.03 12.64
N180 10.05 13.47 14.88 17.38 14.54 13.80 14.48
third N120 461 6.59 8.49 9.13 7.25 5.81 6.76
N180 5.48 6.38 10.02 x 11.04  7.70 6.48 7.77
LSDg s for DM yield: Fa= 0.39; Fg=0.21; Fc=0.26; Fag= 0.56; Fac= 0.68; Fgc=0.36

1755 16.61  13.43 16.58
18.88  18.46  15.07 18.46
16.13 1205 11.15 12.,04

X X X X X

2003  first N120 7.56 1294 X 11.34 1352 1358 1221 13.65
N180 10.96 16.13 X 16.06 16.28 1757 16.61 17.88

second N120 4.78 5.88 X 5.,96 9.31 6.85 5.94 7.12

N180 5.34 7.26 X 7.68 11.87 9.21 7.31 9.71

third N120 3.57 581 X 4.93 10.15 543 4.37 5.53

N180 4.99 6.48 X 6.33 10.78  7.33 6.25 6.70

LSDggs Fa=0.37; Fg=0.20; Fc=0.24; Fag=0.52; Faoc=0.64; Fgc=0.34

The N fertilizer dose increase from 120 to 180 kg ha™ contributed to a significant DM vyield
increase for all investigated varieties. On average, the N fertilizer dose increase to 180 kg ha™
contributed to DM yield increase by 1.91 t ha™* or 20 percent.

The positive effect of increased nitrogen rates was more expressed on loloid Festulolium
cultivars in the first year of yielding, than of festucoid Festulolium cultivars. In the second
and third year of yielding, differences in the positive effect of increased nitrogen rates
between loloid and festucoid Festulolium cultivars were not observed.

Comparing the factor (variety and N fertilizer rate) effect on DM vyield, considerable
differences were observed during the years of sward use. In the first year of sward use, N
fertilizer rate showed the highest effect on DM yield — 78 and 44 %. In the second and third
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year of sward use, the effect of N fertilizer amount decreased to 18 and 20 %. Whereas the
effect of the variety increased over the years of sward use and was the highest in the third year
— 82 and 75%.

The highest average DM vyield during three yielding years was provided by festucoid type
Festulolium cultivars ‘Hykor’ and “Felina’ — 13.14 and 13.50 t ha™, respectively. Differences
between varieties in DM yield were highly significant and exhibited similar tendency during
the three harvest years. Both festucoid Festulolium cultivars provided the highest yield in all
years of sward use. The average DM vyield of Festulolium cultivars was by 3.99 t ha™* or 53 %
higher, but those of hybrid ryegrass by 2.37 t ha™ or 32 % higher than perennial ryegrass.

Conclusions

Significant differences in the Festulolium and Lolium x baucheanum DM vyield and winter
hardiness were found between first, second, and third year of yielding.

The biomass productivity depended on the used cultivar and the nitrogen fertilization rates.
Cultivars of ‘Festulolium’ and ‘Lolium x boucheanum’ are promising species to be used as
fodder grasses in the climatic zone of Latvia.
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Productivity of grasslands in the Province of Warmia and Mazury

Grzegorczyk S. and Grabowski K.
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Abstract

Statistical data concerning the area covered by grasslands as well as the populations of cattle
and sheep were analyzed in the study. Plant species that dominate in the grasslands located in
the Province of Warmia and Mazury were determined based on an evaluation of species
composition in over 200 communities. Grassland occupies a larger area in the Province of
Warmia and Mazury, compared to the entire territory of Poland, so cattle density is also
higher in this region. Meadow communities show high biodiversity. The productivity of
permanent grassland is low, primarily due to unregulated water regimes, irrational farming
practices and insufficient fertilization.

Keywords: grassland, arable land
Introduction

Grassland farming is inseparably linked with animal production (Mannetje and Paoletti, 1992,
Wright, 2005). Meadows and pastures provide inexpensive, palatable, high-quality fodder for
both farm animals and wild ruminants (deer family). Green forage characterized by good
botanical composition may be the only source of feed for animals, including high-
performance ones. Diets for ruminants should be based on green crops, since the proportion of
green forage, hay or haylage in the ration has a significantly effect on the overall profitability
of animal production. The spatial distribution of permanent grasslands in Poland is highly
uneven. They are often located in river valleys, where groundwater levels are relatively high
and regular flooding provides the nutrients essential for grass growth. Grasslands are also
commonly found in the northern part of Poland as well as in mountain areas which have more
abundant precipitation. The aim of this study was to present the current state of permanent
grassland in the region of Warmia and Mazury.

Materials and methods

Statistical data concerning the area covered by grasslands as well as the populations of cattle
and sheep were analyzed in the study. Plant species that dominate in the grasslands located in
the Province of Warmia and Mazury were determined based on an evaluation of species
composition in over 200 communities.

The Province of Warmia and Mazury is a unit of the administrative division of Poland. It is
situated in the north-eastern part of the country, in the Masurian Lakeland known for its
diversified relief. There are numerous heights, hills, plains and high-gradients rivers and
streams cutting through valleys in this area. Another distinguishing feature of the local
landscape is the presence of forests, lakes and peatlands. As regards the climate conditions,
the temperature range is wide, precipitation distribution is generally unfavorable, ground
frosts occur in late spring and early fall, and weather changes quite rapidly. Insolation is
rather low, since the number of cloudy days per year may be as high as 170. The winds are
strong and frequent. The growing season lasts shorter than in the other parts of Poland, i.e.
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from 180 to 190 days, whereas the length of the grazing season is 175 to 180 days. There are
considerable differences between mean annual and monthly temperatures, as well as between
precipitations totals. Despite a relatively high rainfall amount (550-600 mm), soil moisture
deficiency is often observed due to surface runoff in undulating areas and non-uniform
precipitation distribution over the growing season.

Results and discussion

In the Province of Warmia and Mazury arable land accounts for only 48.5% of the total area.
In the entire territory of Poland this index is 54.0%. Grasslands constitute 30.9% of farmland
(meadows — 15.4%, pastures — 15.5%), compared with the national average of 21.1%. In 2002
the total area of meadows and pastures in Poland was slightly above 2.53 mIn ha and 1.03 min
ha, respectively, while in the Province of Warmia and Mazury - 174 ths ha and almost 175 ths
ha. The distribution of meadows and pastures in this region varies widely: grasslands account
for 55.4% of arable land in the District of Szczytno, and for only 10.3% in the District of
Nowe Miasto Lubawskie.

Table 1. Species occurring most frequently in meadow communities

Group o Mineral soils Organic soils

plants

Grasses Poa pratensis, Dactylis glomerata, Phleum Deschampsia caespitosa, Holcus lanatus, Poa
pratense, Festuca pratensis, Festuca rubra, pratensis, Alopecurus pratensis, Festuca rubra,
Alopecurus pratensis, Anthoxanthum  Festuca pratensis
odoratum

Legumes Vicia cracca, Trifolium repens, Trifolium Lotus uliginosus, Lathyrus pratensis, Vicia
pratense, Lotus corniculatus cracca

Herbs and Achillea millefolium, Taraxacum officinale, Cirsium oleraceum, Achillea millefolium,

weeds Plantago lanceolata, Heracleum sibiricum, Rumex acetosa, Ranunculus repens, Geum

Rumex acetosa, Achillea vulgaris, Stellaria
graminea, Ranunculus repens

rivale, Ranunculus acris, Filipendula ulmaria,
Stellaria  graminea, Lychnis flos-cuculi,

Potentilla anserina

Meadow and pasture communities are composed of over 30 grass species, between ten and
twenty legume species and about 100 species of herbs and weeds. Permanent meadows are
usually dominated by high-quality forage grasses, like Festuca pratensis, Phleum pratense,
Phalaris arundinacea, Alopecurus pratensis, Poa pratensis and Festuca rubra. Low-quality
grasses, such as Deschampsia caespitosa, Holcus lanatus, Anthoxanthum odoratum and
Avenula pubescens, have a higher proportion in derelict meadows. The abundance of herbs
and weeds varies markedly, from 10% - 20% in meadows where the farming level is minimal
to even 50% in derelict meadows. Permanent pastures are dominated by high-quality forage
grasses, including Poa pratensis, Festuca rubra, Festuca pratensis, Phleum pratense and, to a
lesser degree, Lolium perenne. Legumes are more common in pasture communities than in
meadows. Trifolium repens, Lotus corniculatus, Medicago lupulina and Vicia cracca occur
most frequently. A desirable phenomenon is the presence of such valuable herbaceous plants
as Taraxacum officinale, Achillea millefolium, Plantago lanceolata and Alchemilla vulgaris.
The species composition of plant communities is highly dependent on soil type (Table 1).

According to the cattle and sheep stock registers, in 2002 there were 391.9 ths head of cattle
and 9.7 ths head of sheep in the Province of Warmia and Mazury, which accounted for 7.1%
and 2.8% of the national populations, respectively. Cattle population density was slightly
higher and sheep population density was much lower in the Province of Warmia and Mazury,
as compared with the national average. There was a highly significant correlation between
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cattle density and the percentage of meadows and pastures in the total farmland area in
particular districts. Sheep density was found to be significantly correlated with the proportion
of pastures (Table 2).

Table 2. Coefficients of correlation between density and the proportion of meadows and pastures in the farmland
in particular districts

Density in the farmland Population density per 100 ha of arable land

Cattle Cows Sheep
Meadows 0.814** 0.899** NS
Pastures 0.700** 0.695** 0.466*

**: P<0.01, *:P<0.05 and NS: non significant.

Grassland yield is highly variable and dependent on climate and soil conditions, on the
botanical composition of sward and on grassland management levels. A lower yield is
generally attained in pastures located in dry areas, where water deficiency is one of the major
yield-limiting factors. The productivity of permanent grasslands is low, in comparison with
their potential, which is assessed to be several-fold higher. In 2002 the mean yield of meadow
hay was 4.33 t/ha. The analysis of statistical data shows that the productivity of permanent
pastures is lower, on average by about 25% (Grzegorczyk, 1998). This is caused primarily by
unregulated water relations, irrational farming practices, insufficient fertilization as well as by
considerable loss of the nutritional value during fodder preservation. The results of numerous
experiments conducted by the Department of Grassland Management indicate that rational
meadow farming enables to attain a yield exceeding 10 t of dry matter and 1.5 t of total
protein per ha.

Conclusions

Grassland occupies a larger area in the Province of Warmia and Mazury, compared to the
entire territory of Poland, so cattle density is also higher in this region. Meadow communities
show high biodiversity. The productivity of permanent grassland is low, primarily due to
unregulated water relations, irrational farming practices and insufficient fertilization.
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Abstract

The objective of this experiment was to determine the effect of defoliation treatment and
cultivar on the propensity of daughter and subsequent tillers to turn reproductive as the season
progressed. Four perennial ryegrass cultivars (Lolium perenne L.) were used; AberDart
(heading date, 28 May), Fennema (28 May), Melle (16 June) and Twystar (19 June). The
experiment commenced after all plants had initiated (El) and continued until reproductive
growth had finished in all plants (FD). Plants from treatment 1 (T1) were defoliated to 30 mm
one week after the first tiller initiated. Plants were defoliated to 60 mm once three tillers had
reproductively elongated (T2) or headed out (T3). Plants from T1 had significantly less
defoliations and ceased reproductive growth 56 days earlier than both T2 and T3. The number
of days between EI and FD was less for T1 than both T2 (+ 54 days) and T3 (+55 days). The
number of defoliations decreased with later heading cultivars; however Fennema was
defoliated more frequently irrespective of treatment. There was no significant effect of
cultivar on FD in each treatment. These simulated grazing treatments showed that defoliation
at an earlier growth stage reduces the period for the production of reproductive material. It
appears that cultivar selection and grazing to a low post grazing height have a positive impact
on mid-season sward quality.

Keywords: Perennial ryegrass, cultivar, initiation, reproductive growth, defoliation
Introduction

During spring, swards change from vegetative to reproductive growth resulting in sward
quality deterioration which impacts negatively on milk production and composition. In the
Irish dairy production system increased emphasis is being placed on ensuring that the price
paid for milk reflects the market returns that can be obtained from that milk in terms of
processed products. It is therefore essential that milk composition, in particular protein
content is maximised. The proportion of stem in the sward increases mid-season with the
onset of inflorescence and has a negative impact on sward quality. Laredo and Minson (1975)
established that the leaves of Lolium perenne L. had a 20% higher VDMI (Voluntary dry
matter intake) than stem fractions even though DM digestibilities were only slightly higher.
Careful sward management in spring conditions the sward for mid-season growth, resulting in
a leafier sward with less reproductive tillers. Previous studies have shown that by grazing
pastures with a high grazing pressure in spring (Holmes and Hoogendoorn 1983) or by
pasture topping in spring and early summer (Stakelum et al. Unpubl. res.) the proportion of
stem and dead material in summer is reduced which leads to increased mid-season sward
digestibility and green leaf content. The objective of this experiment was to study the effect of
high and low simulated grazing intensities at different growth stages of four perennial
ryegrass cultivars on the propensity of daughter and subsequent tillers to turn reproductive as
the season progressed.
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Materials and methods

Forty spaced plants of four test cultivars were transplanted at 0.75m intervals to an outdoor
site at Moorepark research centre (latitude 50°07°N) in 2005. Plants were vernalised over
winter and examinations began in spring 2006. Four diploid perennial ryegrass cultivars were
used with the following heading dates; Aberdart (28 May), Fennema (28 May), Melle (16
June) and Twystar (19 June). Previous reproductive initiation data collected by Camlin
(1977), were used to generate an ‘ear initiation” (El) versus ‘ear emergence’ (EE) regression
coefficient. This was used as a guide to calculate an expected El date for each cultivar in the
present study, using their published ear emergence dates. Based on this predictive guide,
sampling for El began in mid March prior to the expected El date of the earliest cultivar.
Tillers were removed on alternative days and examined under the microscope for reproductive
budding as described by Sweet et al. (1991). The presence of a double ridge on the apex
indicated that the plant had initiated or turned reproductive. The mean EIl date for each
cultivar was determined. Four plants of each cultivar were then randomly selected for each of
the three defoliation treatments. Plants assigned to treatment one (T1) were defoliated to 30
mm one week after the first tiller initiated, simulating a high grazing intensity. Examination
of secondary or subsequent tiller EI began two weeks after defoliation and, as with the first
cycle, the plants were defoliated one week after the first tiller initiated. This process
continued until reproductive growth ceased. Plants assigned to treatment two (T2) were
defoliated to 60 mm once the stem of three tillers on each plant had elongated, i.e. two or
more reproductive nodes were present. Plants assigned to treatment three (T3) were
defoliated to 60 mm once three seed heads had visibly emerged on each plant. Both T2 and
T3 simulated a low grazing intensity management.

Results and discussion

Ear initiation date was not significantly different between treatments however there was a
significant difference (P<0.001) between cultivars (Table 1). Lolium perenne L. cultivars have
different requirements for vegetative and reproductive growth and development such as
critical day length which is the primary factor controlling reproductive initiation of the growth
apex. Ear initiation date became later with increased cultivar maturity.

Treatment had a significant (P<0.001) effect on the number of defoliations per plant. There
were less plant defoliations under T1 as the lower cutting height (30 mm) would have
decapitated more reproductive apices at defoliation. Plants were defoliated most frequently
under T2 as they were defoliated at a more advanced growth stage and cutting height was
greater (60 mm). At the time of defoliation, tillers were at different stages of growth as the
reproductive growth apices of some tillers would have been under the cutting height. Tillers
with the reproductive growth apex still attached, would have continued to elongate or head
out resulting in another successive defoliation. Cultivar significantly affected (P<0.001) the
number of defoliations per plant. In each treatment, the late heading cultivars, Melle and
Twystar had the lowest number of defoliations, while Aberdart and Fennema both had a
greater number of defoliations per treatment. Results indicate however that a large genetic
variation exists between cultivars for re-heading, whereby Fennema continued reproductive
growth regardless of treatment while the later heading cultivars returned to a vegetative
growth mode earlier.

There was a significant effect of treatment on the number of days between defoliations
(P<0.01), the final defoliation date (P<0.001) and the period between EI and final defoliation
(A - B; P<0.001). T1 had a lower defoliation or simulated grazing height (30 mm), therefore
reproductive apices were decapitated more frequently (21 days) and more severely within in a
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shorter period (64 days). Plants from T2 and T3, which had a higher defoliation or simulated
grazing height (60 mm), had longer regrowth intervals between defoliations (23 and 30 days
respectively) during an extended reproductive growth period (118 and 119 days respectively).
The final date of defoliation after reproductive growth ceased was 10 June for T1, while
plants from T2 and T3 continued to produce reproductive material longer into the mid-season
period (+56 days and +57 days respectively). Cultivar also had a significant (P<0.01) effect
on defoliation intervals. In all treatments Fennema had the shortest period between
defoliations due to its high propensity to return to a reproductive growth mode after each
defoliation. There was however no significant effect of cultivar on the final defoliation date
thus all cultivars returned to a vegetative growth mode at a similar time. The reproductive
period between EI and final defoliation (A — B) was significantly (P<0.001) longer for early
heading cultivars (Aberdart and Fennema) than later heading cultivars in all treatments due to
a significantly earlier EIl date.

Table 1. Ear initiation (EI) date, number of plant defoliations, date of final cut and the time between EI and final
defoliation of four cultivars across three treatments

Mean El date Mean number of Mean defoliation Mean final defoliation Reproductive period
(A) defoliations intervals (days) (B) days (A - B)
T1 T2 T3 T1 T2 T3 T1 T2 T3 T1 T2 T3 T1 T2 T3
AD 22/3 31/3 29/3 38 50 43 21 24 33 8/6  27/7 16/8 78 118 140
FN 22/3 2713 24/3 43 73 5.0 19 20 27 12/6  17/8 8/8 82 143 137
ML 26/4 20/4 24/4 20 48 35 22 22 28 8/6 4/8 30/7 43 106 97
TR 23/4 21/4 23/4 25 43 33 21 26 32 15/6  5/8 2/8 53 106 101

Mean 714 9/4 9/4 31 54 40 21 23 30 10/6  5/8 6/8 64 118 119

T N S *kk *% *kk *kk

C *kk *k*k * N S *k*k

™c  * NS NS NS NS
sEp 140 0.33 1.37 7.06 7.33

El = Ear initiation; T1 = Treatment 1; T2 = Treatment 2; T3 = Treatment 3; AD = Aberdart; FN = Fennema; ML = Melle; TR = Twystar; C =
Cultivar; T = Treatment, SED = Standard Error of Difference; *** = P<0.001; * = P<0.05; NS = Non Significant

Conclusion

Defoliation treatment and cultivar choice had a large impact on reproductive growth of mid-
season perennial ryegrass tillers. Defoliating to a low height (30 mm), or simulating a high
grazing intensity, during the early tiller growth stage resulted in plants returning to vegetative
growth earlier than plants defoliated under a high defoliation height (60 mm). Late heading
cultivars tended to have a shorter reproductive period than earlier heading cultivars. There are
however large genetic differences between cultivars, as Fennema was defoliated most
frequently and had the longest reproductive period regardless of treatment. A defoliation
interval of 21 days is a common grazing practice mid-season in Irish dairy production
systems. The results of this study suggest that defoliating swards under a high grazing
intensity with a short grazing interval (21 days) while selecting cultivars with low re-heading
vigour results in less reproductive material produced during a shorter period mid-season.
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Abstract

The aim of this study was to evaluate the effects of cutting intensity and fertilization of
permanent grassland on chemical composition, organic matter digestibility and energy content
(ME, NEL and NEF). The long-term small plot trial was established in 2003 in Rapotin. The
trial was managed during 2003 and 2005 with four levels of cutting intensity and four levels
of fertilization: no fertilization, P3oKso, NooP30Keso, NigoP30Keo. The nutritive value was
estimated on the basis of the Weende analysis and in vitro organic matter digestibility.
Average values for energy concentration (NEL) in the intensive utilization were 5.68 g kg™
DM in year 2003 and 5.49 g kg™ DM in year 2005. Decreasing intensity of utilization
significantly reduced the content of energy in the forage up to 5.24 g kg™* DM in year 2005.
With frequent cutting and with fertilizer application it is possible to influence forage quality.

Keywords: production, nutritive value, mineral fertilization, utilization
Introduction

In relation to the stagnation in the consumption of agricultural products an expansion of the
area of permanent grassland in the Czech Republic can be expected. In this situation it is
necessary to identify the most suitable methods of grassland management for the future.
Permanent grassland management for cattle breeding appears particularly attractive. For the
practical planning and application of such a system it is important to use knowledge on feed
intake from other countries.

For example, Gruber et al. (2000) found that the voluntary intake of forage from grassland
was 10.4, 13.0, 15.2 kg DM per head for three different methods of utilization. It is important
to provide the necessary quality of the feedstuffs to satisfy the animals' requirements.
PozdiSek et al. (2002) point out that quality depends on the species and varieties and on the
type of management. With the suitable frequency of utilization of grassland an energy
concentration (NEL) of 6.1 MJ.kg" DM can be achieved, but with less frequent utilization
this value may decrease to 4.9 MJ.kg™ DM.

Materials and methods

A long-term small plot trial was established in 2003 on permanent grassland sites in the
locality Rapotin. It consists of 16 treatments, in 4 replicates, with a 10 m? harvest plot size.
The grassland vegetation on the experimental stands was classified as Arrhenatherion. The
dominant species in the permanent sward were Dactylis glomerata, Poa pratensis, Lolium
perenne, Trifolium repens and Taraxacum sect. Ruderalia

It was managed with four levels of the intensity of utilization:

I, = intensive (1% cut by May 15", 4 cuts per year — cuts at 45-day interval),

I, = medium intensive (1 cut between 16™ and 31% May, 3 cuts per year at 60-day interval),

I3 = low intensive (1% cut between 1% and 15" June, 2 cuts per year at 90-day interval) and
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l, = extensive (1% cut between 16™ and 30" June, 1 or 2 cuts per year, second cut after 90
days).

Each utilization treatment was divided to give four levels of fertilization:

Fo=no fertilization, Frk=P30KgoNo; Fprnoo=P30KeotNgo, Frrni8o=P30Kso+N1g0 (pure nutrients).
The annual dry matter production was measured for all plots. The samples from these plots
(all treatments and replicates, 352 in total) collected during 2003 and 2005 were analyzed in
laboratories of the Research Institute for Cattle Breeding, Ltd., Rapotin. The values for
nitrogen compounds, fat, crude fibre and ash were estimated by the Weende analysis. The
FIBERTEC 2023 FIBERCAP FOSS TECATOR was used to analyse structural fibre. The
estimation of the organic matter digestibility was carried out by means of the in vitro method
Tilley and Terry (1968) modified according Resch (1991). Forage quality in terms of ME
(metabolisable energy), NEL (net energy of lactation), NEF (net energy of fattening), was
predicted by the equations of Petrikovi¢ et al., 2000.

The results were statistically evaluated with two-factor analysis of variance with one
observation in the subclass; the differences between the averages were tested by the Tukey
test (DT0,05, DTO_01).

Results and discussion

Data according to the intensity of utilization (part A) and according to the fertilization (part
B) are given for 2003 in Table 1 and for 2005 in Table 2.

Table 1. Forage quality of grasslands at different levels of intensity of utilization and fertilization in 2003

Treatments  pp  cp CF NDF ADF OM OMD ME NEL NEF
intensity of 4 4 4 4 4 4 4 4
utilization and (¢ ha®) (9 kg™ (g kg™ (9 kg™ (9 kg™ (9 kg™ o (MJ kg™ (MJ kg™ (MJ kg
fertilization DM) DM) DM) DM) DM) DM) DM) DM)

A

11 710 1769 2248 501.5 299.2 897.0 70.7 9.62 5.68 5.53

12 8.37 159.0 2412 5198 3148 900.1 69.4 9.48 5.58 5.42

13 775 1214 2902 596.0 360.7 9131 662 9.18 5.37 5.16

14 6.99 1150 3023 611.0 3722 9223 66.0 9.23 5.40 5.19
AVG 755 1431 2646 557.0 3367 9081 681 9.37 5.51 5.32
DT0,05 058 5.1 113 271 95 56 07 011 0.08 0.10
DT0,01 071 63 137 330 116 68 09 0.14 0.09 0.12

B

FO 6.57 1332 2616 5455 3355 909.1 683 9.42 5.54 5.37
FPK 6.85 1359 2650 551.2 3375 9064 67.8 9.32 5.48 5.29
FPKN90 843 1462 2651 567.0 337.0 907.3 680 9.36 5.49 5.31
FPKN180 8.35 1569 266.7 564.5 3369 909.6 682 9.40 5.52 5.33
AVG 755 1431 2646 557.0 3367 908.1 681 9.37 5.51 5.32
DT0,05 058 5.1 113 271 95 56 07 011 0.08 0.10
DT0,01 071 63 137 330 116 68 09 0.14 0.09 0.12

The ordering of these tables makes it possible to compare the influence of the different intensity of utilization
and fertilization.

The overall average dry matter production for the sixteen treatment combinations was 7.55
t.ha in 2003 and 7.04 t.ha’ in 2005. The dry matter production was lowest with intensive
utilization (7.10t.ha™ and 6.30t.ha™) (see Table 1A and 2A), confirming the results of Gruber
et al. (2000). They state, on the basis of the evaluation of the long-term trials at BAL
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Gumpenstein, that increased cutting frequency decreased yield especially when four cuts were
taken (8.65, 8.05, 6.51 t.ha™ DM, with 2, 3 and 4 cuts respectively).

Average values for contents of crude protein in the intensive utilization (see Table 1A and
2A) were 176.9 g kg DM in year 2003 and 147.6 g kg™ DM in year 2005. With extensive
utilization average values were 115.0 g kg™ DM in 2003 and 94.4 g kg™* DM in 2005. The
content of crude protein fell with reduced intensity of utilization and cutting frequency, in line
with the results of Gaisler and Fiala (2003).

Table 2. Forage quality of grasslands at different levels of intensity of utilization and fertilization in 2005

Treatments . DM CP CF NDF ADF OM OMD ME NEL NEF
ilization and paty @ K0* @KgT @ KoT @ KgP @K, (M) kgt (M) kgt (MU ko
fertilization DM) DM) DM) DM) DM) DM) DM) DM)

A

11 6.30 147.6 2488 5489 3223 8918 69.0 9.33 5.49 5.32

12 579 1299 2769 567.0 3464 8950 66.8 9.07 5.30 5.08

13 794 101.6 3024 6139 3731 9126 660 9.13 5.35 5.14

| 4 812 944 3129 6393 3828 9112 650 898 5.24 5.01
AVG 704 1184 2852 5923 3561 9027 667 913 534 ! 514
DT0,05 035 64 119 223 96 51 09 0.4 0.10 0.12
DT0,01 043 7.8 146 272 117 63 12 018 0.12 0.15

B

FO 533 107.1 2802 5830 353.6 9028 67.0 9.17 5.38 5.19

FPK 593 107.7 2824 5589 3530 8946 660 896 5.24 5.02
FPKN90 846 120.1 2886 6022 3592 9064 66.8 9.18 5.38 5.17
FPKN180 842 1386 2898 6249 3587 9068 669 9.20 5.38 5.17
AVG 704 1184 2852 5923 3561 9027 667 913 534 ! 514
DT0,05 035 64 119 223 96 51 09 0.4 0.10 0.12
DT0,01 043 7.8 146 272 117 63 12 018 0.12 0.15

The amount of CF, NDF and ADF in DM also influences the quality of the grassland and its
effects on animal nutrition. The average content of CF varied from 224.8g kg*DM to 312.9g
kg'DM according to the intensity of utilization during the monitored years, with some
differences being significant. This corresponds with the results published previously by
PozdiSek et al. (2003) and other authors. On the contrary, the differences in CF were not
significant comparing the levels of fertilization; it ranged from 261.6g kg DM to 289.8g kg’
DM, on average. There were similar patterns if results for the contents of NDF and ADF.

The mean results for organic matter digestibility ranged from 71.0 % to 65.0 %. Intensity of
utilization had large and significant effects on organic matter digestibility, with decreasing
intensity of utilization reducing OMD.

Intensity of utilization also significantly influenced the content of energy (ME, NEL and
NEF) in the forage confirming the findings of Gruber et al. (2000). Average values for energy
concentration (NEL) in the intensive utilization were 5.68 g kg™ DM in year 2003 and 5.49 g
kg™ DM in year 2005. Decreasing intensity of utilization significantly reduced the content of
energy in the forage up to 5.24 g kg™ DM in year 2005. These changes in the nutritive value
are connected with the maturing of the stand and with the continuing lignifications of the
plants. The influence of the fertilization treatments was not significant.
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Conclusion

The amount and the quality of the fodder can be significantly influenced by means of the
grassland management, i.e. via type of utilization and fertilization. In particular, extensive
grassland utilization with few cuts taken per year results in deterioration of the nutritive value
of the forage. These findings are important for the nutrition of cattle and for efficient
grassland management.
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Abstract

To reduce forage costs, the grazing season in autumn is often extended until the end of
November. The consequences of a later closing date in autumn on pasture production during
the following spring pasture are largely unknown under mid-European climatic conditions.
An experiment was carried out over a three-year period at two sites in the Swiss lowlands
comparing the effect of three different closing dates in autumn (early October, late October
and late November). The aim was to determine how much herbage mass must be left standing
before winter to guarantee a vigorous growth the following spring. Delaying the closing date
from early October to late November allowed 781 kg DM ha™ additional yield to be
harvested, but significantly reduced the spring yield by 53% (470 kg DM ha™) in early April
and 19% (783 kg DM ha™) in May. The variation between sites and year were considerable
(e.g. 159-1181 kg DM ha™ for the additional yield harvested in autumn). The reduction in
spring yield was particularly high (up to 75%) when the residual yield before winter (end
November) was below 300-500 kg DM ha™. On the other hand, residual yield before winter
above this threshold did not increase spring yield significantly. Thus, pasture utilisation in late
autumn can be recommended if conditions are favourable and if grazing does not reduce the
residual yield, before winter, to under 300-500 kg DM ha™, which corresponds to a herbage
height of 5-6 cm (plate pasture meter).

Keywords: grassland, cattle, pasture, dry matter yield, closing date
Introduction

Grazed grass is the most economic forage for dairy cows. Furthermore, grazing greatly
contributes to a positive image of sustainable agriculture and to the well-being of dairy cows.
For this reason, most dairy farmers try to extend the autumn grazing period. The
consequences of this extension are largely unknown under mid-European climatic conditions.
In Ireland, Roche et al. (1996) and O'Donnovan et al. (2002) showed that delaying the closing
date reduced the grass yield during the following spring. The objective of this experiment was
to determine the effects of the closing date in autumn and of the utilisation type (cutting and
grazing) on the grass yield the following spring in the Swiss lowlands. The weakening of the
plants caused by extended grazing in late autumn was expected to lead to greater losses in
spring than observed in Ireland because of the lower winter temperatures and the longer
periods of snow cover in Switzerland. In the same way, it is known, from a European multi-
site experiment, that the amount of residual leaf area in late autumn for white clover is
positively related to its regrowth the following spring (Wachendorf et al., 2001, Lischer et
al., 2001). Particularly interesting was the question of how much herbage mass must be left
standing before winter to guarantee a vigorous growth the following season.
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Materials and methods

The experiment was carried out from autumn 2001 to spring 2004 in the Swiss lowlands, on
two dairy pastures with continuous stocking. The two sites were Langenthal (Canton of
Berne) with very favourable conditions for grassland production (1157 mm rainfall per year,
mean temperature Dec.-Feb.: 0.9°C) and Saint-Livres (Canton of Vaud) with a dry period in
summer (1079 mm rainfall per year, mean temperature Dec.-Feb.: 2.5°C). These pastures
were sown with grass/clover-mixtures as for most sown grassland in Switzerland. The
experiment included 6 treatments: two types of utilisation (cut or grazed), each with three
dates for the last utilisation (early October, late October or late November), and each one was
replicated 5 times. Grass yield in the following spring was measured on three different dates
(March, April and May).

Results and discussion

Table 1 shows the mean yields in spring, averaged over both sites. The influence of the
closing date on the yield in March, April and May was highly significant while the type of
utilisation in autumn did not influence the DM vyield in spring. Delaying the last utilisation
from early October to late November reduced the yield in March of the following year by
69% or 330 kg DM ha™, in early April by 53% or 470 kg DM ha* and in May by 19% or 783
kg DM ha, in average over both sites. Thus, in absolute measures, the biggest loss between
the treatments "early" and "late closing date" occurred in May with an average loss of 783 kg
DM ha™. These results are in accordance with studies in Ireland where Roche et al. (1996)
found a loss of 590 kg DM ha™ in March if the closing date in autumn was delayed from
October 20™ to December 2",

Table 1 Effect of autumn closing date and type of utilisation on herbage dry matter yield in spring (kg DM ha™,
averaged over the two sites St. Livres and Waldhof, se: standard error)

Closing Date (CD)  early Oct. late Oct. late Nov. se Significance (P)

Utilisation (U) cut grazed cut grazed cut grazed U CD UxCD

Mid March 2002 608 754 232 371 148 100 59 ns <0.001 ns

Mid March 2003 280 281 153 212 99 59 37 ns <0.001 ns

Mid March 2004 234 598 144 186 130 237 49  <0.001 <0.001 0.005
Mean Mid March 459 216 129

Early April 2002 1355 1435 782 893 618 529 75 ns <0.001 ns

Early April 2003 1087 1087 802 941 835 639 70 ns <0.001 ns

Early April 2004 326 362 213 252 123 89 46 ns <0.001 ns
Mean Early April 942 647 472

Early May 2002 3644 3681 3003 2921 2922 2432 113 ns <0.001 ns

Early May 2003 4436 4085 3872 4050 3696 3273 132 ns <0.001 ns

Early May 2004 4730 5079 4477 4583 4310 4327 166 ns 0.005 ns
Mean Early May 4276 3818 3493
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1A — April On the other hand, the delay
of the last utilisation from
early  October to late
November resulted in an
additional yield harvested in
autumn of 781 (389-1147) kg
DM ha, averaged over both
y = -4E-05x% + 0.0925x + 39.166 sites. However, the variations
R? = 0715 between the two sites and the

three years were substantial
(an effect also described by
Hennessy et al. 2006). This
‘ ‘ became obvious if the results

600 800 1000 1200 were not averaged over the
residual herbage mass late Nov. (kg DM ha™) two sites. In this case, the
gain of a late closing date in
autumn ranged between 159
.o o | and 1181 kg DM ha™ and the

J loss in May varied between

- . 225 and 1512 kg DM ha™.
The reason for this variation
between sites and years was
, that the date when the
y = -1E-05x 2+ 0.0327x +76.029 | minimum temperature
R™=0.388 threshold  allowing  plant

growth was reached in late
autumn and early spring
w w varied greatly. As a result of

0 200 400 600 800 1000 1200 this variation, the balance

residual herbage mass late Nov. (kg DM ha™) between the gain in autumn

Fio. 1: Relation bet dual herb bet inter (lat and the loss in the following
ig. 1: Relation between residual herbage mass before winter (late ; .

November, kg DM ha™) and yield in the following spring (in % of the May differed considerably. It
best treatment). Each datapoint marks the average of 5 replications was r"’_‘lnged from -708 kg
per site and per year. DM ha™ and +653 kg DM

ha® (results not shown). This
demonstrates clearly that under such annual and spatial variability of climatic conditions it is
not possible to recommend a fixed date for the last utilisation applicable over a large region.
Thus, the question was: how much herbage mass must be left before winter in order to
guarantee a vigorous regrowth of the pasture during the following spring?

The relation between standing biomass in late autumn and yield in the following spring is
presented in Figure 1 (spring yield is shown in percentage of the best treatment measured in
spring; 1A for April, 1B for May). The data show a clearly reduced spring yield with
decreasing standing biomass in autumn. The effect was greater below a pre-winter residual
herbage mass ranged between 300-500 kg DM ha™. If residual herbage mass before winter
was below this threshold the yield harvested in April was only 25% to 80% of the best
treatment, i.e. the loss was up to 75% of the yield from the best treatment. We also found that
below this critical threshold of 300-500 kg DM ha™ we lose up to 2.6 kg DM in spring for
every additional kg DM harvested in autumn (result not shown).
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These results are in accordance with observations on white clover, in an European multi-site
experiment, where the residual leaf area in autumn was an important determinant of efficient
spring regrowth (Wachendorf et al., 2001, Luscher et al., 2001).

Figure 1 also shows that residual herbage mass before winter of more than 300-500 kg
DM ha did not lead to a significantly higher yield in the spring. It seems that above this
threshold, additional leaf area has no further positive effects on the spring growth of the
plants. In contrast, the risk for fungal diseases and damage by mice increases if residual
biomass before winter is too high.

Conclusion

1. Under the climatic conditions of the Swiss lowlands, the utilisation of pasture in late
autumn is recommended if conditions are favourable and if grazing does not reduce the
pre-winter residual yield below 300-500 kg DM ha™, corresponding to a herbage height of
5-6 cm (plate pasture meter, model Jenquip, New Zealand). If pastures are used more
intensively and/or later, i.e. below this threshold, the gain of forage in autumn is reduced
or even overset by losses in the following spring. Consequently, the start of the grazing
season would be delayed.

2. Nevertheless, herbage mass before winter should not exceed 500 kg DM ha™ since no
gain for grassland production in the following spring can be expected.

3. The planning of autumn grazing must be performed according to a sward height threshold
target that could be applied to a broader range of climatic conditions than a planning
focussed on a fixed date for the last utilisation.

References

Lischer A., Staheli B., Braun R. and Ndésberger J. (2001) Leaf area, competition with grass, and clover cultivar:
Key factors to successful overwintering and fast regrowth of white clover (Trifolium repens L.) in spring. Annals
of Botany, 88, 725-735.

Hennessy D., O’Donovan M., French P. and Laidlaw A. S. (2006) Effects of date of autumn closing and timing
of winter grazing on herbage production in winter and spring. Grass and Forage Science, 61:363-374.
O’Donovan M., Dillon P., Reid P., Rath M. and Stakelum G. (2002) A note on the effects of herbage mass at
closing and autumn closing date on spring grass supply on commercial dairy farms. Irish Journal of Agricultural
and Food Research, 41, 265-269.

Roche J.R., Dillon P., Crosse S. and Rath M. (1996) The effect of closing date of pasture in autumn and turnout
date in spring on sward characteristics, dry matter yield and milk production of spring calving cows. Irish
Journal of Agricultural and Food Research, 35, 127-140.

Wachendorf M., Collins R.P., Elgersma A., Fothergill M., Frankow-Lindberg B.E., Ghesquiere A., Guckert A.,
Guinchard M.P., Helgadottir A., Lischer A., Nolan T., Nykanen-Kurki P., Nésberger J., Parente G., Puzio S.,
Rhodes 1., Robin C., Ryan A., Stéheli B., Stoffel S., Taube F. and Connolly J. (2001) Overwintering of Trifolium
repens L. and succeeding spring growth: A model approach to plant-environment interactions. Annals of Botany,
88, 683-702.

Permanent and temporary grassland: plant, environment and economy 77



Phenological spring development and nutritive value of brome grass
Nagy G.

Department of Rural Development, Centre of Agriculture Sciences, University of Debrecen,
H-4032 Debrecen, Hungary

Abstract

Field investigations on the phenological development of Hungarian Brome grass (Bronus
inermis L.) and laboratory analysis of its chemical composition were made in springtime,
between 2004 and 2006. Phenological spring development of brome grass between mid-April
and early June is described by the following morphological data: extended shoot height
(ESH); total number of leaves per shoot developed, number of dead leaves per shoot, number
of active leaves per shoot, sum of active leaf lamina lengths (SALL) per shoot. High number
of active leaves on the shoots prove the leafy character of brome grass during primary growth.
The chemical composition of brome grass samples taken 5 (2004) and 6 (2005) times during
primary growth from pure stands showed differences at a high level of significance. Crude
protein, fat and ash content, as well as net energy values, decreased remarkably over time. At
the same time, crude fibre and nitrogen-free extract content increased. These data contribute
towards making a more objective evaluation of brome grass during primary growth.

Keywords: brome grass, phenological development, chemical composition, primary growth
Introduction

Harvestable grass yield during the defoliation of primary growth in spring is constituted
basically from the stems (vegetative or generative) and leaves (sheath and lamina). In the case
of late utilization, these are supplemented with inflorescence. Spring development of these
grass parts on a tiller shows a well known pattern (Robson et al., 1988, Nelson and Moser,
1995). After a tiller has been differentiated and starts to grow, the vegetative stems remain
short (consisting of nodes and very short internodes) hidden under the leaves’ sheaths and
new leaves are developing consistently from the nodes within certain periods of time. The
leaves which now develop have a limited life span (e.g. 3 weeks) after which they die and are
replaced by the new leaves. This procedure is terminated by the generative development,
whereas the vegetative shoot elongates, overgrows the last leaf sheath, and finally
differentiates into the reproductive structure, the inflorescence. Phenological changes of grass
development in spring are associated with fundamental chemical composition changes (Gill et
al., 1989, Dwayne and Mertens, 1995) which have major influence on the nutritive value of
the herbage harvested. Both phenological and nutritive value changes may differ between
years, species and cultivars. This was the reason why a research programme was conducted
with five grass species at Debrecen University, Hungary. This paper presents the results of the
phenological development and nutritive value of Bromus enermis during primary growth in
Hungary, based on 3 year (2004-2006) field and 2 year (2004-2005) laboratory investigations.

Materials and methods
Pure stands of different grass species and cultivars of high agronomic value are grown under

field conditions at the demonstration garden of Debrecen University, Agricultural Center with
the following ecological conditions. The soil structure is a high fertility loam (chernozem).
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The average climatic conditions (last forty years) till middle June are: precipitation: 227 mm,
T-sum of mean daily temperatures: 1244 °C, sum of sunny hours per day: 889 hours.
Individual shoots of brome grass (n=30 per cultivar) were randomly selected from the pure
stand and tagged with a plastic ribbon. Leaves on the shoot were numbered from the ground;
the tags were placed between the last dead and the first live leave on the first day of
measurement. Phenological measurements were then repeated seven times (altogether 8
measurements) in 4-8 days intervals between mid-April and early June.
Registered primary data on each shoot and each occasion in the order of measurements were:

- extended shoot height (ESH),

- number of dead leaves (a leaf was considered dead if more than half of the leaf lamina

from the tip was withered),

- lamina length of the live leaves (cm).
During the evaluation procedure, secondary data were generated from the primary data:

- number of leaves per shoot developed on each date,

- number of dead leaves per shoot on each date,

- number of active leaves per shoot on each date,

- sum of active/live leaf lamina (SALL) lengths on the shoot (cm).
Grass samples for laboratory analysis were cut on 5 (2004) and 6 (2005) occasions during
primary growth from the same fields of pure brome grass stands (n=3 per occasions). Samples
were treated and investigated according to the Hungarian Standards for forage chemical
composition evaluations (MSz 6830). Data of the investigation were statistically analyzed by
the SPSS computer programme package.

Results and discussion

For the evaluation of the existing weather conditions during the investigation periods of time,
the climate index (Vinczeffy, 1991) has been calculated (Figure 1).
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Figure 1: Climate index (Vinczeffy, 1991) in the years of field measurements

Each year had a higher climate index than that of the last forty year average, except for the
beginning of the 2005 investigation period. Detailed data of annual precipitation, temperature
sum from the 1% of January based on the positive mean daily temperature values, and the
annual sum of the daily sunny hours show, that these higher climate index values are
primarily due to the more rainy weather in the given years. In 2004, the annual rainfall was
remarkably higher (+5-51%); in 2005, it was reasonably more (+11-30%) and in 2006, it was
outstandingly more (+87-121%) than that in the average year. The annual sum of the sunny
hours was around the average (-4—+2%) in 2004, was reasonably higher (+9—+15%) in 2005
and reasonably lower (-8—-12%) in 2006.

The extended shoot height (Figure 2) has intensively grown during the investigation periods
except for 2006, when the ESH increase was a bit slower. The mean shoot height for the first
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and the last day of measurement were 41,67 cm (5=9,94) and 128,62 cm (s=7,63) in the first
year, 32,17 cm (s=4,72) and 127,08 cm (s=13,36) in the second year and 50,35 cm (s=4,86)
and 108,68 (s=10,75) in the third year of investigations. The reasonably lower final ESH for
2006 may probably be due to the reduced sunny hours (-8-12%), as in the absence of water
stress, light (irradiance) is an important environmental variable affecting grass growth
(Robson et al., 1988).
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Figure 2. Extended shoot height of brome grass during primary growth

The total number of leaves per shoot developed between the first and last day of
measurements (Figure 3) has changed from 7,57 pc (s=0,50) to 8,73 pc (s=0,52), from 5,50 pc
(s=0,78) to 9,03 pc (s=0,96) and from 7,13 pc (s=0,78) to 8,27 pc (s=0,89) for 2004, 2005 and
2006 respectively. The relatively high number of leaves per shoot developed by the end of the
primary growth supports the leafy character of brome grass compared to some less leafy
grasses, e.g. perennial ryegrass (Peeters, 2005). The average number of dead leaves per shoot
by the end of the investigations were 2,37 pc (s=0,62), 2,93 pc (s=0,91) and 2,73 pc (s=0,52)
for 2004, 2005 and 2006 respectively. Correspondingly the average number of live leaves per
shoot for the same dates were 6,37 pc (s=0,68), 6,10 pc (s=0,71) and 5,53 pc (s=0,97) for the
successive years respectively. These results also support the leafy character of this species.
Average size of the live lamina length in the chronology of emergence of leaves first
increased and reached a maximum sized leaf lamina than decreased in time (Table 1).

Table 1 Three year average size of the leaf lamina length in the chronology of leaf emergence
No. of leaves: 1 2 3 4 5 6 7 8 9 10 11
Lamina size cm: 11,35 16,63 1940 22,86 2520 26,32 21,87 16,85 11,30 12,00 12,04
Standard deviation: 355 2,68 458 419 394 198 557 590 578 805 589
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Figure 3. Total number of leaves per shoot of brome grass during primary growth

The total sum of the active leaf lamina lengths (SALL) per shoot mounted above 140 cm
(s=34,61 and s=45,00) for 2004 and 2005 respectively, but was a bit lower (128,37 cm;
s=21,97) for 2006. There was no remarkable decrease in total leaf lamina length per shoot by
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the end of the investigation period which means that brome grass was able to maintain its
leafy character during the primary growth. The changes in the chemical composition of brome
grass in spring showed the well known pattern. Crude protein, crude fat and crude ash
contents, as well as net energy values, decreased remarkably in time. At the same time, crude
fibre and N-free extract contents increased (Table 2). Differences are highly significant
(P<0.01).

Table 2 Chemical composition of brome grass in spring (2004 and 2005)

2004 April May May June June LSD
Sampling dates 20 4 11 1 14 5%
Crude protein* g kg’ DM 268,8 182,5 154,4 109,3 85,1 6,94
Crude fat* g kg DM 33,6 27,4 22,7 9,9 8,9 1,85
Crude fibre* g kg DM 219,2 297,6 332,5 368,2 309,4 15,66
Crude ash* g kg'1 DM 1235 106,7 84,2 72,0 52,3 3,74
N- free extract* g kg'l DM 354,9 385,8 406,2 440,5 544,3 10,70
Ne,* MJ kg'l DM 6,6 52 53 4,6 4,6 0,09
NE* MJ kg'l DM 4,1 2,8 3,0 2,2 2,3 0,07
NE* MJ kg'l DM 6,3 5,2 5,3 4,8 4,8 0,10
2005 April May May May June June LSD
Sampling dates 27 5 18 26 2 6 5%
Crude protein* g kg'l DM 250,4 193,3 104,6 72,7 71,3 61,2 6,94
Crude fat* g kg'l DM 22,1 30,8 26,1 19,9 20,7 22,2 1,85
Crude fibre* g kg’ DM 2479 2458 296,3 404,1 393,3 3233 15,66
Crude ash* g kgDM 127,2 121,6 94,8 79,0 73,4 71,4 3,74
N- free extract* gkg*DM 352,5 408,6 478,2 4243 441,3 522,0 10,70
Nen* MJ kg™* DM 6,5 6,6 5,2 45 4,6 4,6 0,09
NE* MJ kg’l DM 4,0 4,1 2,8 2,2 2,2 2,2 0,07
NE* MJ kg’l DM 6,2 6,2 5,2 4.8 4.8 4.8 0,10
*P<0.01

Conclusions

The results of phenological spring development and chemical composition of some other
grasses (tall fescue, perennial ryegrass, timothy and reed canary grass) are under evaluation.
Comparison of the exact chemical composition data will contribute to the more objective
evaluation of these grasses.
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Early or late? New insights into the yield performance of perennial ryegrass
(Lolium perenne L.) genotypes

Salama H., Losche M., Herrmann A., Gierus M. and Taube F.

University of Kiel, Grass and Forage Science/Organic Agriculture, Institute of Crop Science
and Plant Breeding. D-24118 Kiel, Germany

Abstract

A field trial was conducted at three different sites in Northern Germany, during the growing
season of 2006, to study the yield performance of twenty ryegrass genotypes (early,
intermediate and late heading) as affected by two cutting regimes A and B. Results indicated
that the 1% cut dry matter yield (DMY) was significantly affected by the different
experimental sites and the two applied cutting regimes. It showed also a significant variability
among the three maturity groups, where the early and intermediate groups produced
significantly higher 1% cut DMY than the late group. The annual DMY for the three tested
groups was significantly affected by the interaction between the three sites and the two cutting
regimes. A significant superiority of the intermediate heading group over the late heading
group was detected in the second site for cutting regime A and in the third site for cutting
regime B.

Keywords: Perennial ryegrass, heading date, maturity group, yield performance
Introduction

Grass maturity is an important factor affecting yield and quality in grassland based systems.
The choice of the suitable maturity group to fit with the different growing purposes provides a
strategic management tool to control forage supply throughout the year. In general, late
maturing genotypes are recommended for grazing swards, while mixtures of early and late
types are usually grown in cutting swards to ensure reasonable forage supply with each cut. In
recent years, however, the introduction of seed mixtures consisting of mainly late-maturing
cultivars is discussed intensively in Germany. Therefore, the main objective of the present
study is to provide information concerning the yield performance of different perennial
ryegrass maturity groups grown at different sites as affected by two cuttings regimes.

Materials and methods

The present study was carried out at three different sites in Northern Germany during the
2006 growing season. A Randomised Complete Block Design was used in 2 replications. The
dry matter yield (DMY) for twenty ryegrass genotypes as affected by two cutting regimes A
and B were evaluated for the three sites. The twenty genotypes were classified into three
maturity groups according to the days required to reach heading after 1% April: early heading
group (44 to 49 days), intermediate heading group (50 to 55 days) and late heading group (56
to 62 days). Cutting regime A was applied at the heading of the earliest genotype, with a
subsequent cutting interval of 5 weeks. Cutting regime B began two weeks later than regime
A, with a cutting interval of 6-7 weeks. Applying these two cutting regimes resulted in five
cuts from regime A and four cuts from regime B. Fresh herbage mass per plot was determined
using a Haldrup plot harvester, cutting at 5 cm above ground level. A representative sub-
sample of 400 g for each plot was dried at 58 °C for 24 hours and used to determine the
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annual and the 1% cut DMY. Data were statistically analysed using the Mixed Procedure of
SAS analysis. The least significant difference (L.S.D) procedure was used for mean
comparison. The probabilities were adjusted according to Bonferroni-Holm Test.

Results and discussion

The main results concerning 1% cut DMY are presented in Table 1 and indicate significant
differences in the studied variable as affected by the interaction between the three sites and
the two cutting regimes. Moreover, the same table revealed a significant variation among the
three tested maturity groups.

Average values for 1° cut DMY (Table 2) indicate that cutting regime A in site 3 produced
the lowest significant value (2.8 t ha™). This was attributed to the very low temperature at this
site before the harvesting time of the 1% cut in the cutting regime A from 1% to 20" May.

In addition, the early and intermediate maturity groups produced higher 1% cut DMY
compared to the late group (Table 3). Average values were 6.1, 6.4 and 5.9 t ha™ for the early,
intermediate and late groups, respectively. This pattern of herbage DMY corresponds to
findings from other studies where varieties of perennial ryegrass differing in heading date are
harvested at the same time in spring. In a study of Gilliland et al. (1995) the early heading
types produced higher DMY compared to late heading types up to the time that they are
heading and then the order was reversed. Berendonk (1984), Nekrosas (2003) and Laidlaw
(2004 and 2005) reported similar results, stating that at the first harvest, in late April to
middle May, the early maturing genotypes gave always the highest DMY and the late
maturing genotypes gave the lowest.

Table 1. Analysis of variance for 1% cut dry matter yield (t DM ha™) as affected by the two cutting regimes in the
three sites.

Sources of Variation DF F Value P>F

Sites (S) 2 31.63 0.0004
Cutting Regime (CR) 1 49.23 0.0003
Maturity Group(G) 2 9.45 0.0001
S*CR 2 17.73 0.0023
S*G 4 1.37 0.2437
CR*G 2 0.76 0.4691
S*CR*G 4 1.27 0.2841

Table 2. Mean values for 1% cut dry matter yield (t DM ha) as affected by the interaction between the three sites
and the two cutting regimes.

Cutting

regime Site 1 Site 2 Site 3
A 6.4a 6.6 a 28b
B 75a 70a 6.7a

Means followed by the same letter within the same column are not significantly different according to LSD test
at 0.01 level of probability.

Table 3: Mean values for 1% cut dry matter yield (t DM ha™) for the early, intermediate, and late maturity groups.

Mean 1% cut
Maturity group DMY (t DM ha™)
Early 6.1ab
Intermediate 6.4a
Late 59b

Means followed by the same letter within the same column are not significantly different according to LSD test
at 0.01 level of probability.
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Furthermore, Gilliland et al. (2002) stated that the overall herbage DMY tended to be highest
in early varieties towards the beginning of the season, but increased proportionally within
later heading varieties as the season progressed.

The annual DMY varied significantly among the three maturity groups as affected by the
interaction between the three locations and the two cutting regimes (Table 4). Data presented
in Table 5 indicate that the intermediate heading group produced the highest significant
annual DMY compared to the late heading group under cutting regime A when applied in site
2. The mean annual DMYs were 10.8, 11.1 and 10.2 t ha™ for the early, intermediate and late
maturity groups, respectively.

Similar results were observed for cutting regime B in site 3, where the intermediate heading
group of genotypes showed highly significant superiority to the other two groups with an
average annual DMY of 18.7 t ha, against 16.6 and 17.0 t ha™ for early and late groups,
respectively.

These findings partially agree with those of Smit et al. (2005), who found that in the 1%
sampling year the intermediate heading genotypes produced higher DMY than the late
heading genotypes. In the second sampling year the situation was reversed and they attributed
this to the significant variation that was found among the varieties within the late heading
group, while in the intermediate heading group, there were no differences between the
varieties. Laidlaw (2004), in contrast, did not detect any significant differences in the DMY
between three tested maturity groups in a 2-year study. This was attributed to the significant
variation between the different ploidy levels within each group along the different cuts which
hid the differences between the maturity groups in the overall annual DMY.

Table 4. Analysis of variance for annual dry matter yield (t DM ha™) as affected by the two cutting regimes in
the three sites.

Sources of Variation DF F Value P>F

Sites (S) 2 31.01 0.0004
Cutting Regime (CR) 1 115.80 0.0001
Maturity Group (G) 2 10.79 0.0001
S*CR 2 50.51 0.0001
S*G 4 1.89 0.1125
CR*G 2 3.27 0.0397
S*CR*G 4 3.84 0.0049

Table 5. Mean values for annual dry matter yield (t DM ha™) as affected by the interaction between the maturity
group, site and cutting regime.

Site 1 Site 2 Site 3
Maturity Cutting Cutting Cutting Cutting Cutting Cutting
group regime A regime B regime A regime B regime A regime B
Early 124 a 140a 10.8 ab 11.3a 10.3a 16.6 b
Intermediate 12.2a 135a 11.1a 119a 10.1a 18.7a
Late 11.8a 13.0a 10.2b 11.3a 104 a 17.0b

Means followed by the same letter within the same column are not significantly different according to LSD test
at 0.01 level of probability.

Conclusion

The results of the present investigation show significant differences in yield performance
among early, intermediate, and late heading groups. The yield differences, however, were
relatively small, which may be attributed to the small heading date differences, amounting to
18 days between early and late heading genotypes.
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Abstract

Tandem selection was applied to combine high productivity and ecological stability in a
perennial ryegrass breeding program. Four comparative field trials were carried out at the
Institute of Forage Crops, Pleven, during 2002-2004. The genotype-environment interactions
of 46 perennial ryegrass varieties and populations were tested under four environmental
conditions simultaneously. The trials were conducted under both irrigated and rain-fed
conditions, to test the effect of water deficiency on genotype productivity, and at two
populations of plants, 125,000 and 62,500 plants per ha, to test the competitive ability of
individual plants. The analysis of the generalized results for the distribution of the 46
perennial ryegrass genotypes showed an interesting regularity. The correlation between the
yield potential and ecological stability was very strong. Promising directions for application
of these ecologo-genetic approaches to the innovation in grass breeding were outlined, and in
particular to the selection of genotypes for heterotic breeding.

Keywords: ecologo-genetical approach, perennial ryegrass, genotypes, tandem selection
Introduction

The influence of the abiotic environmental factors is the main reason (71%) for the yield
decrease (Acevedo and Fereres, 1993). During the past decades the main methods for
decreasing environmental stress were modification of the environment by irrigation, tillage,
fertilization, etc. Currently the economic and ecological demands for the protection of the
environment are the reasons for using the genetic improvement of stress resistance as a
possible alternative to narrowing the gap between actual and potential yield under limiting
environments. Selection of superior genotypes with a wide adaptation across large complex
environments or with specific adaptation to regional environments is an important issue for
plant breeders (Maxwell et al., 2006). The most studied forage grass in the world is perennial
ryegrass (Peeters, 2004). It is of great importance to perennial ryegrass breeding in Bulgaria
that high productivity combines with ecological stability under limiting environmental
conditions (e.g. drought and cold) (Katova, 2005, Katova et al., 2006). The aim of this study
was ecologo-genetic screening and tandem selection (high productivity and high ecological
stability) of perennial ryegrass genotypes related to sustainable agriculture under variable
climates.

Materials and methods
Four comparative field trials were carried out at the Institute of Forage Crops, Pleven, during

2002-2004. The genotype-environment interactions of 46 perennial ryegrass varieties and
populations were tested under four environmental conditions simultaneously. Specifically, the
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trials were conducted under both irrigated and rain-fed conditions, to test the effect of water
deficiency on genotype productivity, and at two plant populations, 125,000 and 62,500 plants
per ha, to test the competitive ability of individual plants. Genetically, varieties and
populations were distinguished by maturity group (early [E, n = 19], intermediate [I, n = 21]
and late [L, n = 6]), ploidy level (diploid [D, n= 28] and tetraploid [T, n = 18]) and origin
(Bulgaria, Romania, Denmark, United Kingdom, Belgium and the Netherlands). Different
numbers of cuts were applied in the second (2003) and third (2004) years of production. A
total of 80 individual plants per variety were measured for dry matter (DM) productivity
following the method of Dragavtsev (2005). The genotype and variety behaviour was
estimated after Eberhart and Russel (1966) using a calculative table in Excel (Hristov,
unpublished). ANOVA was made by Analysis Toolpak in Excel. Coefficient of linear
regression (stability coefficient) (bi), dispersion around regression line (sum of squares
deviation) (Si?) and F-criteria were calculated for each variety to measure the ecological
stability.

Results and discussions

The dispersion analysis (ANOVA) showed a significant interaction between genotypes and
environments (Table 1) for all maturity groups and allowed an ecologo-genetic analysis of the
data following the method of Eberhart and Russel (1966).

Table 1. Two — way ANOVA analysis for the perennial ryegrass cultivars and genotype-environment
interactions for all maturity group cultivars.

Source of Variation SS df MS F P-value F critical
Genotypes 305520 46 6641.74 15.37 8E-94 1.37
Environments 1818606 29 62710.56 145.10 0 1.48
Interactions 1008984 1334 756.36 1.75 3E-25 1.09
Errors 609389.1 1410 432.19
Total 3742499 2819

Significant differences were found in forage DM productivity and in the stability parameters
over environments (Table 2). Unstable genotypes were those with Si® significantly deviating
from the regression line and bi higher than 1 and they were responsive to favourable
conditions and suitable for intensive farm system. The genotype which had bi = 1 and Si? = 0
was assumed to be ‘ideal’. If the value of bi was lower than 1, the genotype may be stable in
unfavourable conditions and suitable for extensive low input farm systems. Breeding is
directed to the selection of genotypes which combine high productivity with a bi value than 1
between 0.7 and 1 (Christov et al., 2002). This research displayed a great variation for the two
parameters. The correlation between the yield potential and ecological stability was very
strong (r = 0.8557).

The average DM productivity (g per plant) from all environments varied across genotypes and
varieties from 27.19 to 68.81 (Table 2). Tetraploid varieties of intermediate and late maturity
groups were mainly within the 10 most productive varieties. The regression coefficient bi
ranged from 0.35 to 2.18 (Figure 1). The productivity was increased three times and stability
was decreased six times. The most productive varieties were responsive to environmental
improvement but were unstable (bi > 1). Therefore, ecological stability was lost in the
breeding process for these varieties and the breeding objective should be its improvement so
that the variety growing can be successful under water deficiency. The variety Roy was the
most productive but it had also the highest coefficient of regression (bi = 2.18) which
indicates that it is unstable in unfavourable conditions. The varieties Ernesto and Fetionne

Permanent and temporary grassland: plant, environment and economy 87



were highly productive and stable (bi = 1), and Aubisque was highly productive and stable in
unfavourable conditions (bi = 0.74).

Table 2. Estimation of ecological stability of perennial ryegrass cultivars for dry matter (DM) productivity
(2003-2004) and ranked by average DM productivity over all environments (xi).

Varieties and Maturity Ploidy level ~ Average DM  Coefficient  Ecological Significance
populations group (D,M)* productivity of linear stability (Si®)  F-criteria
(E, I, L)* (xi) (g plant™) regression (bi)

1. Roy I T 68.81 2.18 3921.62 272.21
2. Pandora I T 65.65 2.06 4300.31 298.50
3. Merkator L T 63.21 1.92 1206.48 83.75
4. Merkem L T 62.12 1.80 3592.09 249.34
5. Abercraigs I T 59.98 1.88 1466.48 101.79
6. Elgon I T 58.06 1.48 1059.72 73.56
7. Ernesto L T 56.46 0.95 2340.55 162.47
8. Vigor L D 54.50 1.75 886.93 61.56
9. Aubisque I T 53.74 0.74 -202.05 -14.02
10.Veritas L D 53.02 1.47 203.51 14.13
11.Syn | I D 52.13 1.22 2699.61 187.39
12. Fetione I T 50.13 0.99 344.44 23.91
13. Merlinda I T 48.00 1.38 4086.94 283.69
14. Svishtov E D 47.62 1.54 2736.45 189.95
15. Pomerol L T 46.20 0.65 2664.20 184.93
16. Ritz I D 46.00 1.25 2594.51 180.09
17. Foxtrot I D 44.47 0.84 3281.19 227.76
18. Lasso I D 43.76 0.88 1077.46 74.79
19. Slaviyany I D 42.98 1.37 1026.72 71.27
20. Cancan I D 42.65 1.02 4303.45 298.72
21. Barmetria I D 42.04 1.02 1603.41 111.30
22. Vabel E D 40.74 0.90 1540.81 106.95
23. Barlet I D 40.51 0.99 -2381.01 -165.28
24. Varna E D 39.66 1.26 3716.58 257.98
25. Syn 11l E T 39.63 0.85 313.56 21.77
26. Isabel I D 39.49 0.70 117.49 8.16
27. Odessa I D 39.39 0.71 -769.18 -53.39
28. Belene E D 38.56 1.22 2262.41 157.04
29. Sredec E D 38.24 0.91 1697.76 117.85
30. Mara | T 38.21 0.44 -6193.30 -429.90
31. Plenty | D 37.22 0.65 508.07 35.27
32. Abereclair E T 37.03 0.88 702.51 48.76
33. Balgarene E D 36.83 0.79 2331.83 161.86
34. Marta E D 36.68 0.49 1410.31 97.89
35.Syn 1l | D 36.34 0.49 351.75 24.42
36. Devnya E D 35.45 1.05 5209.44 361.61
37. Meretti E T 34.81 0.76 810.46 56.26
38. Rebecca E D 34.72 0.80 352.24 24.45
39. Targovishte E D 34.37 0.64 604.73 41.98
40. Barfort I D 33.61 0.35 -1883.62 -130.75
41. Anacoda E T 33.40 0.79 1070.05 74.28
42, Tetramax E T 32.64 0.43 640.22 44.44
43. Moy E D 29.12 0.47 422.71 29.34
44, Syn IV E D 28.36 0.52 295.06 20.48
45, Labrador E T 27.46 0.51 1137.16 78.93
46. Abergold E D 27.19 0.57 206.00 14.30
Average 43.05 1.00 1291.43 89.64

*E —early, | — intermediate, L — late; *D - diploid, T - tetraploid
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Figure 1. Distribution of perennial ryegrass varieties by dry matter productivity (g plant®) and ecological
stability (bi).

Conclusions

The application of directionally created limited environmental conditions provides a
possibility for identification of genotype by phenotype without changing the generations.
Promising directions for application of these ecologo-genetic approaches to the innovation in
grass breeding were outlined, and in particular to the selection of genotypes for heterotic
breeding. The yield value and stability are determined by different genetic bases and breeding
aimed at combining these two parameters could be successful. The varieties with the highest
ecological stability can spread in a wider ecological area.
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Abstract

Yield and persistence of Belgian varieties of two legume and four grass species were
compared with Czech varieties at Jevi¢ko in the Czech Republic (CR): five varieties of
Trifolium pratense, three varieties of Trifolium repens, eight varieties of Lolium perenne, two
varieties of Dactylis glomerata, two varieties of Festuca pratensis and two varieties of
Phleum pratense. The trials were established by grassland renovation in 1992 (335 m a. s. |,
average temperature 7.5 °C, average annual precipitation 629 mm). Legume and grass species
were sown as monocultures. Grasses were fertilised with 150kg N +35kg P +100kg K.ha™,
legumes by 35kg P +100kg K.ha® and cut three times per year. Evaluation comprised
determination of dry matter production, botanical composition of the stand and forage quality
i.e. NEV (net energy of fattening), NEL (net energy of lactation), crude protein (CP) and
crude fibre (CF) predicted by NIRsytems 6500. L. perenne, D. glomerata F. pratensis and T.
pratense gave the highest yields. Medium yielding were P. pratense and T. repens. The most
persistent was D. glomerata (>16 years), P. pratense was persistent for 11 years, F. pratensis
was persistent for three to five years depending on variety and both clovers for three years.
Belgian and Czech varieties had similar yields and persistence. Belgian clover and grass
varieties performed well under central European conditions due to their high sward
productivity and persistence and in case of D. glomerata due to its very good winter
hardiness. Thus they make a valuable contribution to the range of forage plant species and
varieties suitable for the Czech Republic.

Keywords: grasses, legumes, yield, persistence, forage quality, NIRS analysis
Introduction

Persistence and production of clovers and grasses differ considerably not only between
species but also between varieties and so they need to be tested for their suitability for
different conditions. As dairy cow milk production has increased in the Czech Republic from
3,932 to 6,254 kg FCM between 1989 and 2005, higher quality forages are required. This
paper reports on the suitability of native and foreign high- quality varieties to meet this aim of
higher milk production in central Europe.

Materials and methods
Yield and persistence of Belgium varieties (B) of two legume and four grass species were

compared with Czech varieties (C) in field trials at Jevicko in the Czech Republic (CR): five
varieties of Trifolium pratense (C — Tempus 4n, Start 2n; B — Merviot 2n, Violeta 2n, Rotra
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4n), three varieties of Trifolium repens (C Pastevec, Hajek; B - Merwi), eight varieties of
Lolium perenne (C - Tarpan 4n, Baca 2n, Mustang 4n; B — Merlinda 4n, Melino 2n, Meltra
4n, Vigor 2n, Merganda 4n ), two varieties of Dactylis glomerata (C - Niva; B - Lemba), two
varieties of Festuca pratensis (C - Otava; B - Merifest) and two varieties of Phleum pratense
(C - Veétrovsky; B - Erecta). The trials were established by grassland renovation in 1992. The
site was fluvisoil soil type, pH 6.7, 335 m a. s. ., average temperature 7.5 °C, average annual
precipitation 629 mm). Legume and grass species were sown as monocultures. Grasses
received 150kgN +35kgP +100kgK.ha™ and legumes 35kgP +100kgK.ha™ (as elements) and
swards were cut three times per year. Forage production was evaluated as dry matter (DM)
and corrected dry matter (CDM) production. CDM production was the yield of sown species
calculated from the total dry matter production multiplied by the percentage contribution of
sown species (from botanical analyses of the sward before cutting), divided by 100. Quality of
forage dry matter in 1995-2006 was evaluated by NIR Systems 6500 fitted with a spinning
sample module, in reflectance range 1100-2500 nm, band width 2 nm, measured in small ring
cups, duplicate samples scanned twice. The parameters measured were crude protein (CP),
fibre (CF), NEL (net energy of lactation), NEV (net energy of fattening), using software
WinlISI 11, vers. 1.50. Differences between means were tested for significance by analysis of
variance and the Tuckey test.

Results and discussion

DM and CDM production of Trifolium pratense and T. repens is given in Table 1. Production
of Belgian varieties was comparable or higher to that of Czech varieties, production of cv.
Merviot being the highest. T. pratense persisted for three years and then declined. T. repens,
cv. Merwi was higher yieding than Czech varieties Pastevec and Hajek in both DM and CDM
production over four years (sowing year + 3 harvesting years). Merwi produced 5.32 DM and
1.66 t.ha™ CDM, while Pastevec and Hajek yielded 4.73 (1.26) and 4.70 (1.45 t.ha™ CDM),
respectively.

Table 1. DM and CDM production of Trifolium pratense and Trifolium repens (t ha') in 1992-1995

Trifolium pratense Trifolium repens

Variet DM CDM Variet DM CDM
aney tha’ tha’ aney tha' tha”

Tempus 6.37 3.90 Pastevec 4,73 1.26

Start 6.42 3.22 Hajek 4.70 1.45

Merviot 7.00 4.14 Merwi 5.32 1.66

Violeta 6.41 3.74

Rotra 6.88 4.12

Dro.05 1.52 1.13 Dro.0s 0.74 033

Dro.01 1.97 1.46 Dro01 1.08 0.49

Lolium perenne (Table 2) was evaluated during 1992-1998, until the most persistent variety
disappeared from the sward. All varieties had similar yields except the Belgian varieties Vigor
and Merganda due to their higher persistence, especially in the two last years of the trial. All
L. perenne varieties had similar forage quality, including energy concentration. In the Czech
Republic, L. perenne is sown in swards to last for 2-3 years only because it does not withstand
severe winters and a long period of snow cover.
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Table 2. DM and CDM production of Lolium perenne (t.ha™) in 1992-1998 and forage quality parameters in
1995-1998

1992 - 1998 1995 - 1998
Variety DM CDM CpP CF NEL NEV
tha? tha? gkg?  gkg' MIkg! Mikg?
Tarpan 6.59 4.35 145 217 5.85 5.75
Baca 7.34 4.61 139 234 5.74 5.60
Mustang 7.15 4.88 144 226 5.79 5.67
Merlinda 7.03 4.39 140 224 5.76 5.64
Melino 7.17 4.70 143 232 5.83 571
Meltra 6.90 4.38 142 222 5.81 5.70
Vigor 7.04 5.19 142 228 5.73 5.59
Merganda 7.21 5.22 140 223 5.80 5.68
Dro.0s 0.69 0.73 17 15 0,17 0,20
Dro.01 0.84 0.90 21 18 0,20 0,24

Dactylis glomerata (Table 3) has been evaluated since 1992 (sowing year), being the most
persistent and productive species in Czech Republic. Varieties Niva and Lemba had similar
production and persistence, i.e. DM (and CDM) production of 8.45 (6.00) and 7.98 (5.91)
t.ha™, respectively. Both varieties survived a rapid and severe decline in temperature in
January 2003, when it dropped 28°C in 48 hours because of ingress of arctic air. Swards
gradually improved, reaching a level of production by 2006 similar to that before the severe
frost. Other species in the same trials had a similar reaction (Kohoutek, 2006). Both cultivars
had similar forage quality and energy concentration.

Table 3. DM and CDM production of Dactylis glomerata (t.ha™) in 1992-2006 and forage quality parameters in
1995-2006

1992 - 2006 1995 - 2006
Variety DM CDM CP CF NEL NEV
tha? tha? gkg?  gkg' MIkg! Mikg?
Niva 8.45 6.00 141 250 5.77 5.62
Lemba 7.98 5.91 145 248 5.72 5.56
D005 0.63 0.53 16 13 0,06 0,07
D+o.01 1.16 0.98 29 24 0,11 0,14

Phleum pratense (Table 4) was evaluated in 1992-2004, until it definitely declined from the
sward. It is the medium persistent species in the Czech Republic with medium persistence,
surviving in the sward for 5-7 years. The Belgian variety Erecta had higher CDM production
than the Czech variety Vétrovsky: 4.17 and 3.37 t.ha™, respectively although they had the
same DM production 8.37 t.ha™. Erecta had higher CDM due to its higher persistence in
2000-2003. In 2004 measurements ceased as both varieties definitely declined from the
sward. Both had similar forage quality and energy concentration.

Festuca pratensis (Table 5) was evaluated during 1992-2000 as a medium persistent species.
Comparison of the Belgian variety Merifest and Czech variety Otava showed the better DM
and CDM for cv. Merifest: 8.21 (2.99) and 7.65 (2.15 t.ha™), respectively. Both cultivars
persisted for 5 years, although during the latter 3 years (i.e. years 6 - 8) their presence was
variable. Their productivity may have been influenced by their different growth development.
Otava as a medium-late variety produced less than the earlier Merifest (above means for 1992
—2000), but had higher forage quality and energy concentration than Merifest.

Production and persistence of Belgian varieties were tested in simple mixtures in an upland

region of Slovakia in 1993-1995. The two-component mixtures (Merlinda/Merwi,
Merganda/Merwi, Merifest/Merwi and Lemba/Merwi) produced good DM vyields: 7.71, 7.38,
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4.82 and 4.33t.ha™, respectively. The most productive were ryegrass/white clover mixtures
(Zimkova,1997).

Table 4. DM and CDM production of Phleum pratense (t.ha™) in 1992-2004 and forage quality parameters in
1995-2004

1992 - 2004 1995 - 2004
Variety DM CDM CP CF NEL NEV
tha? tha? gkg?  gkg' MIkg! Mikg?
Vétrovsky 8.37 3.37 128 253 5.73 5.58
Erecta 8.37 4.17 126 245 5.78 5.65
D+oos 0.40 0.85 17 19 0,18 0,24
D+o.01 0.73 1.56 31 35 0,33 0,43

Table 5. DM and CDM production of Festuca pratensis (t.ha™) in 1992-2000 and forage quality parameters in
1995-2000

1992 - 2000 1995 - 2000
Variety DM CDM CP CF NEL NEV
t.ha™ t.ha™ gkg' gkg' Mikg? Mlkg!
Otava 7.65 2.15 142 233 5.75 5.61
Merifest 8.21 2.99 134 240 5.70 5.56
D+o.os 0.51 0.22 6 9 0,08 0,12

Conclusion

Belgian clover and grass varieties demonstrate very good forage productivity and persistence
under Czech conditions and, in the case of D. glomerata, also very good winter hardiness,
comparable with native Czech varieties. They make a valuable contribution to the range of
forage species and varieties suitable for the Czech Republic and Slovakia.
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Abstract

The grasslands dominated by Nardus stricta species in Romanian Carpathians extend over
300 thousand hectares, at 400 — 2200 m altitude on acid soils, replacing more valuable
grasslands, especially those of Agrostis capillaris and Festuca rubra.

Experiments concerning the improvement of Nardus stricta pastures, situated at 1800 m
altitude in subalpine level of juniper (Pinus mugo) were carried out in Bucegi Massif of the
Meridional Carpathians, during 1995 — 2006.

The experimental plots were situated on three vegetation cover types: natural, oversowing and
resowing, with and without liming at 2/3 A, soil, with CaO and with mineral fertilization: PK,
NPK and organic fertilization by pacage with sheep were applied at all treatment
combinations. The paper presents dry matter (DM) vyield, botanical composition, agri-
chemical soil composition.The effect of soil liming over 10 years and of pacage over 5 years
on the DM vyield and botanical composition is shown. Organic fertilization is better than
mineral fertilization, because the perennial legumes are stimulated.The pastoral value of
degraded sward of Nardus stricta increases from 18 (low) to 81 (very high) at limed,
packaged and oversowed variants.

Key words: Nardus stricta sward, liming, fertilization, oversowing, resowing
Introduction

The improvement and utilization of degradated grasslands dominated by Nardus stricta in
Carpathian Mountains has been little studied (Marusca and Frame, 2003). Extreme climatic
conditions, short periods of vegetation growth, acid soil with rocks at the surface all restrict
DM production and herbage quality utilized by animals. Methods for improving vegetal cover
in the highlands altitude differ from those in the lowlands. (Barbulescu and Motca,1983).
Also, in these conditions, the use of biological agriculture may be recommended to avoid
pollution of the environment.

Material and methods

The experiment was carried out in the Meridional Carpathians in the subalpine zone of Pinus
mugo of Bucegi Massif at 1800 m altitude on grassland dominated by Nardus stricta, situated
on acid soils, with low supply of phosphorus and potassium. The treatments of this
experiment were:

A factor — fertilization: a; — mineral fertilization 50 P,Os+50 KO, kg/ha; a,- mineral
fertization 150N+50P,05 +50K,0; as- pacage with sheep ( 5 nights, 1 sheep m™), two times in
this period (1996 and 2000 years).

B- factor- vegetation cover type: a;- natural cover; a,- oversowing; as- resowing

C factor- liming: c;- unlimed; c,- limed at 2/3 A,. Oversowing and resowing were done in
spring of 1996 folowing destruction of the degraded cover in 1995 with Roundup application
(5 L ha®), liming for neutralization of the 2/3 A, (hydrolitic acidity) and pacage with sheep.
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Before the sowing, the soil was worked with harrow at depth of 2-3cm for the oversown
treatments and a rotary milling machine at the depth of 10-12cm for the resowing treatments.
These treatments were then sown using seed mixtures of Phleum pretense cv. Favorit, Festuca
pratensis cv. Transilvan, Lolium perenne cv. Marta, Trifolium hybridum- local population of
Brasov and Lotus corniculatus cv.Livada. Because Festuca rubra, Poa pratensis and
Trifolium repens species grow in the spontaneous flora they were not sown. Harvested plots
were of 18m? (3x6), in four replicates, in randomized blocks. Harvesting for assessment of
DM vyield and forage quality was made on 2m? from each plot, the rest being grazed by dairy
cows. Botanical composition was assessed by the Klapp- Elenberg method, only once at the
end of July and the beginning of August.

Results and discussion

LD 5%=0,22 LD5%=0,31
8 LD 1%=0,33 8] LD 1%=0,42
7 LD 0,1%=0,53 7 LD 0,1%=0,57
6 —5.09 ]
.5 P
3 i EE
L o4 z
s 3 |
3 3 3
2 2
1 k
— — [
° al ' a2 ' a3 ' b1 b2 b3
LD 5%=0,18 o LD 5%=0,38
o LD 1%=0,24 . LD 1%=0,53
. LD 0,1%=0,32 LD 0,1%=0,75
5 &
61 o
i T —
E - : a
£ a |
b . % o || Ob3
2 2 ||
14 b
0 o T
cl c2 al a2 a3
LD 5%=0,31 limed (c2) LD5% = 0.60
&7 LD 1%=0,42 LD 1% = 0.85
s LD 0,1%=0,56 81 LD 0,1 % =1.18
61 M
o 5 7
& -
£ 4 Ocl 2 57 Wbl
5 Bc2 % :7 Oz
2+ N =1
1+ .
o 0
al a2 a3

Figure 1: Variation of DM yield as a fonction of the experimental factors (mean 1997-2006)
(as-fertilisation PK; a,-fertilisation NPK; as-pacage with sheep);:(b;-natural cover; b,-oversowing; bs-resowing);
(ci-unlimed ; c,-limed)

As result of variance analysis (F test) DM yield was significantly affected by A,B,C, factors
and interactions between Ax B; Ax C and Ax Bx C. The highest DM yields were obtained
with the treatment which combined lime (c,), mineral fertilizer NPK (az) and oversowing (by)
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which gave an average yield over the ten years of 7.04 t/ha. Oversowing gave the highest
yields with all of the fertilizer and lime treatments (Figure 1). These results are in line with
those of previous research carried out on Nardus stricta grasslands in Carpathian Mountains
which showed that after five years the highest DM yield were obtained on limed and
oversown treatments (Marusca, 1977). The best treatment from the economical point of view
appeared to be the limed treatment with applied herbicide and oversowing. This achieved a
very high pastoral value with 65% sown species (Table 1). Liming changed substantially the
agri-chemical characteristics of soil such as the pH with 0.7 units even after ten years from
application (Table 2).

Table 1: Botanical composition and mean forage value (After Barbulescu and Motca method, 1983), Bucegi
Mountain (1997-2006)

Index (Sown) b, b, b,

forage 1996 Natural Oversowing Resowing
Species value, C, C , C; C , C, C,

% Natural Un- liming Un- liming Un- liming

1995 liming liming liming
Sown
Phleum pratense 5 (30) . . 24 34 14 30
Festuca pratensis 5 (40) . . 5 9 7 11
Lolium perenne 5 (10) : . 2 3 5 5
Trifolium hybridum 4 (5) : . 13 19 9 18
Lotus corniculatus 3 (15) . : + + + +
Spontaneous
Agrostis capillaris 3 + 1 1 20 11 47 18
Agrostis rupestris 1 12 7 6 5 2 3 1
Anthoxanthum odoratum 1 + 1 + + + + +
Deschampsia flexuosa 1 3 13 9 6 3 2 +
Festuca ovina 1 8 8 9 2 1 + +
Festuca nigrescens 3 + 3 3 4 1 1 2
Phleum alpinum 2 + 6 5 1 + + +
Poa media 1 17 12 8 3 1 4 1
Poa pratensis 4 . + 6 : 1 + 2
Nardus stricta 0 40 9 3 1 : . .
Trifolium repens 4 8 13 21 8 12 6 10
Campanula napuligera 0 + 1 3 1 + + +
Geum montanum 0 + + 1 + + + +
Hieracium aurantiacum 0 + 1 1 + + + +
Ligusticum mutelina 2 7 18 14 2 1 + 1
Polygonum bistorta 1 + 1 + + +
Potentilla ternata 1 4 5 5 3 1 2 1
Taraxacum officinale 2 1 2 1 + +
Viola declinata 0 + + + + + + +
Forage value X 18 32 40 67 81 69 83
Assesement X Low Medium  Medium  High Very High Very
high high
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Table 2: Changes of agri-chemical characteristics after improvement of subalpine grasslands
-Bucegi Mountain, 1800 m alt. -

1996 2006 after ten years
Characteristics MU Before of b1(natural) b2(oversowing) b3(resowing)

Improvement C, C, C, C, C, C,
pH in H,O ind 4.65 4.83 5.25 4.82 5.35 4.83 5.43
Al¥ mg/100 g 3.94 4.03 0.25 3.90 0.44 4.02 0.54
Van % 21.8 22.0 38.9 23.0 43.1 24.7 48.3
Humus % 15.9 14.8 14.5 13.9 13.8 15.8 15.6
IN ind 3.47 3.26 5.64 3.20 5.95 3.90 7.53
P—-AL ppm 19.8 17.8 16.4 16.7 15.8 14.3 14.0
K-AL ppm 90 113 105 97 96 90 82

C i unlimed ; C, - limed

The results demonstrated the influence of oversowing and liming on DM vyield and sward
composition of subalpine grasslands in Carpathians. Organic fertilization treatment (pacage, 1
sheep m™ has been applied of two times in this experimental period, which it is better than
the mineral fertilization because the white clover increased to 26% compared with 7%
obtained by mineral fertilization treatment. The pacage and liming combination stimulated the
perennial legumes, especially the hybrid trefoil (25%) and white clover (12%). Although
yields were increased by the use of mineral fertilizer, taking into account the natural
conditions of these grasslands, it is possible that acceptable yields by removing of the
nitrogen fertilizers we can apply a biological agriculture.

Conclusion

The best system for improvement of Nardus stricta degradated grasslands in the subalpine
zone of Carpathians, is by destruction with herbicides, liming, oversowing and pacage.
Liming and oversowing had major effects, even after ten years and gave swards with high
pastoral value. Eliminating nitrogen fertilizers makes biological agriculture possible.
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Renovation of meadow swards dominated by short grasses by overdrilling
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Abstract

Many swards are degraded and require regeneration. The objective of the study was the
evaluation of yields and the species composition of a meadow sward in the second year after
overdrilling in relation to different treatments imposed to limit the competitiveness of the
original sward and to the sowing date. The applied renovation technologies increased yields in
comparison to that of the original sward. The highest yields and the highest share of species
introduced by overdrilling were obtained in the case of overdrilling preceded by either
Roundup spraying or rototilling. In central Poland, in a moderately wet habitat, the spring
sowing date was more favourable than the late summer date (with the exception of the
treatment involving the use of selective herbicides). It was determined that the manner of
limiting the competitiveness of the old sward had greater influence on the efficiency of
overdrilling than its date. Dactylis glomerata was the most useful species for overdrilling,
disregarding the technology that was applied. Overdrilling after a previous Roundup spraying
was the method that should be used widely for renovation of grasslands in moderately wet
habitats.

Keywords: renovation methods, overdrilling, sowing date, yields, species composition
Introduction

The disappearance of valuable components of a sward, namely tall grasses and papilionaceous
plants, is one of the most common symptoms of degradation of meadows and pastures. The
sward becomes open, and the volume and quality of yields drops, which calls for renovation of
the grassland. The last fifteen years in Poland was a period of intensive research devoted to the
oversowing of seeds of grasses and papilionaceous in the old sward using specialist seeders
for direct sowing. This method is currently one of the most recommended ways of improving
the botanical composition of the sward. The success of overdrilling depends on a number of
factors. The most important of these factors are: habitat conditions, selection of species and
varieties and overdrilling technology to guarantee sufficient reduction in the vitality of the
original sod (Tiley and Frame 1991; Koztowski 1998; Baryta 2001). The objective of the
study was to evaluate the yields and the species composition of a meadow sward in the second
year after overdrilling with a mixture of tall grasses and Trifolium pratense in relation to
different approaches to limit the competitiveness of the old sod and the oversowing date.
Moreover, the study determined the usability of the applied overdrilling technologies in the
soil and climatic conditions of central Poland.

Materials and methods
The study was carried out during 2003-2005 at the Experimental Station at Jaktoréw (central
Poland) in a natural, moderately wet meadow site (water table between 50 and 80 cm) situated

on mineral soil (black earth) poor in potassium and with a high phosphorus and magnesium
concentration. The experiment was designed as a randomised complete block with four
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replications. Each plot was 15 m? in area. The experiment was carried out on degraded
permanent grassland, which had been extensively managed and fertilised. The meadow had a
high proportion of short grasses (about 40%), a very low proportion of valuable tall grass
species (less than 10%), a lack of legumes and had been infested with dicotyledonous herbs
and weeds (more than 30%). Sward cover density was less than 50%. Competitiveness of the
original sward was reduced by: 1) low cutting without herbicides (cutting height: 2-3 cm), 2)
herbicides: Starane 250 (11 ha™; active substance: fluroxypyr) + Aminopielik (31 ha™; active
substance: 2.4 D), 3) Roundup (5| ha™; active substance: glyphosate) and 4) rototiller. The
meadow was renovated over two dates: in spring (21 April 2004) and late summer (27 August
2003). Overdrilling was performed by a Vredo slot seeder. Composition of sown mixture:
Festuca pratensis cv. Pasja (20%), Phleum pratense cv. Kaba (25%), Dactylis glomerata cv.
Astera (10%) and Trifolium pratense cv. Parada (15%) — 24.2 kg ha™. The following doses in
kg ha™* of mineral fertiliser were applied: 180 N (in three equal doses for each cutting), 30 P
(in spring) and 100 K (in two equal doses — in spring and after the first cut). In the second
year after overdrilling, three cuts were made. In order to determine the botanical composition
of the sward, vegetation samples were taken from each plot before each cut. After carrying
out botanical and weight analysis, the percentage share of individual species in the yield of
individual regrowths was determined. The yield results were prepared as statistics.

Results and discussion

In the third decade of August 2003 (late-summer overdrilling), favourable moisture conditions
for the initial development of the oversown plants were observed. The beginning of
September was relatively dry, yet heavy rains in the third decade of September and at the
beginning of October provided young plants with good conditions for development before the
winter period. In the spring of 2004, after the spring overdrilling, the weather conditions were
also favourable for the initial development of plants. However, in the second half of the
vegetation period, a drought took place (in particular in the third decade of August and in the
first and second decade of September), which had a negative impact on the development of
young plants. Weather conditions during the vegetation period in 2005 were characterised by
long periods without rain (Table 1.). High air temperatures combined with low rainfall
resulted in the growth period of the first regrowth being very dry whilst it was disastrously
dry for the second regrowth (Vinczeffy index — 0.090 and water table was below 100 cm).
Greater and more frequent rainfall occurred only in the growth period of the third regrowth,
which, according to Vinczeffy (1984), was classified as moderately humid (0.165).

Table 1. Distribution of average daily air temperatures (°C) and monthly rainfalls (mm) in growing seasons
2003-2005

Average daily air temperatures Sums of monthly rainfall Climatic rainfall coefficient

Month °C mm Smm/3.°C
2003 2004 2005 2003 2004 2005 2003 2004 2005
v 6.6 8.9 8.8 325 78.7 22.7 0.154 0.293 0.086
\% 15.4 11.8 13.3 70.9 38.8 56.6 0.148 0.105 0.135
VI 175 15.3 15.8 47.3 69.5 39.6 0.090 0.151 0.084
VI 19.5 17.3 19.7 68.1 55.2 102.4 0.108 0.103 0.168
VIl 17.9 175 16.9 45.0 40.8 27.9 0.078 0.075 0.053
IX 13.3 12.4 15.5 39.1 21.2 22.0 0.097 0,057 0.047
IV-1X 15.0 13.9 15.0 302.9 304.2 271.2 0.107 0.119 0.098

Each of the applied renovation technologies resulted in an increase of yields in comparison to
the values obtained from the original sward. Slightly higher yields were obtained after
renovation was carried out in the spring period. The best method with respect to the increase
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of yields, disregarding the date, was the treatment of overdrilling after the application either
Roundup spraying or rototilling (Table 2). It is necessary to point out that the total yield
obtained in the second year after overdrilling (2005) was significantly lower due to very low
yields of the second regrowth. This confirms the opinion that two of the most important
factors guaranteeing the success of renovation by means of overdrilling are climatic factors
and soil conditions, both in the year of overdrilling and in subsequent years.

Table 2. Yields of dry matter (t ha™) obtained in I-11l cuts of the second year after overdrilling due to sowing
date and treatment of existing sward
I cut Il cut 11 cut Total yield**

Sward treatment Spring  Late- Spring  Late- Spring Late- Spring  Late- Mean

summer summer summer summer
Low cutting
(without herbicides) 4.52 491 1.15 1.15 1.84 1.66 7.51 7.73  7.62ab
Starane + Aminopielik* 4.47 4.10 1.18 121 1.61 1.71 7.26 7.03 7.14b
Roundup* 5.43 5.40 1.42 1.40 2.41 2.25 9.26 9.04 9.15a
Rototiller 5.65 5.04 1.68 1.18 2.36 2.06 9.69 8.27 8.98a
Mean 5.02 4.86 1.36 1.24 2.06 1.92 8.43A 8.01A
Original sward 1.92 0.65 0.69 3.26

LSDy o5 for sowing date NS; LSDq g5 for treatments: 1.59

* Active substances: Starane — fluroxypyr, Aminopielik — 2,4 D, Roundup - glyphosate
**Figures indicated by the same letters are not significantly different

The applied technologies resulted not only in yield changes, but they also contributed to the
change in the species composition of the meadow sward. The species composition was most
improved after the application of Roundup and overdrilling, as well as with the use of
rototilling and overdrilling. The use of selective herbicides with overdrilling and sole
overdrilling had slightly less impact on species composition (Table 3). This confirms the
opinion that sufficient damage to the original sward is one of the most important conditions
for the success of overdrilling. At the same time, it indicates that rototilling as well as use of
Roundup, are the best ways to weaken the original sward and to create adequate conditions
for development and growth of the oversown species. The share of oversown grass species
was generally slightly higher after spring than late-summer renovation. The exception was
treatment with selective herbicides, which gave better results after the late-summer
overdrilling. This resulted from the lower regrowth ability of the original sward plants in the
second half of the vegetation period and the consequent better development of young plants,
which was presented in a previous study (Janicka 2005). The least impact of the sowing date
was determined in areas subjected to sward rototilling. Among the oversown species, the
main role was played by Dactylis glomerata. The significant share of Dactylis glomerata,
disregarding the applied overdrilling technology, results from the high competitiveness of this
species, its nitrophilous aspects and slight sensitivity to harsh habitat conditions. This species
develops very well after spring overdrilling. In the second year of use, Dactylis glomerata is
sufficiently advanced in growth to provide itself with good access to light, water and
nutritious components in the soil, and by means of growing long laminae, it dominates the old
sward. The usefulness of this species for overdrilling in Poland has been confirmed by
numerous experiments (inter alia Grabowski et al. 1996; Baryta 2001). Among the remaining
species of oversown grasses, both Phleum pratense and Festuca pratensis had a low share in
the yields. The Phleum pratense plants are characterised by a slow pace of development, low
competitiveness and they are very sensitive to water deficiency. A similar low share of
Festuca pratensis results from its low competitiveness, especially in more difficult habitat
conditions. In the case of all renovation combinations, a decreasing share of Trifolium
pratense was observed in subsequent regrowths. In the third regrowth mass of 2005, the share
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of Trifolium pratense in each treatment only amounted to approx. 5%. This phenomenon is
highly unfavourable and confirms the low persistence of papilionaceous plants in the sward.

Table 3. Sward botanical composition (%) in I-111 cuts of the second year after overdrilling due to sowing date
and treatment of existing sward; G — sown grasses, Tp — Trifolium pratense, OG — other grasses, D — Herbs and
weeds

Low cutting (without herbicides) Starane + Aminopielik*

Spring Late-summer Spring Late-summer

I I Il Mean | I Il Mean | 1l I Mean | I Il Mean

G 73 151 217 147 125 223 195 181 59 20.7 183 150 110 242 285 21.2
Tp 94 64 24 61 69 47 13 43 44 84 13 47 70 95 34 66
OG 78.1 63.1 56.4 658 71.8 56.1 56.2 61.4 86.9 651 741 753 77.1 58.7 60.2 65.4
D 52 154 195 134 88 169 230 162 28 58 63 50 49 76 79 638

Roundup* Rototiller

Spring Late-summer Spring Late-summer

| ] 11 Mean | 1 1] Mean | 1l 11 Mean | 1 1] Mean

G 334 518 57.1 474 314 469 458 414 276 394 539 403 20.7 33.2 493 344
Tp 15.0 13.0 42 10.7 127 144 68 113 84 114 52 83 115 60 22 66
OG 412 299 339 351 455 30.6 404 38.8 456 36.6 31.7 38.0 558 42.2 36.2 44.7
D 104 53 48 68 104 81 70 85 184 126 92 134 120 18.6 123 143

Conclusions

The applied renovation technologies resulted in an increase of yields in comparison to the
yield of the original sward. It was determined that the manner of limiting the competitiveness
of the original sward had a greater impact on the overdrilling efficiency than its date. The
highest yield and the highest share of species introduced by overdrilling were obtained in the
case of overdrilling preceded by either Roundup spraying or rototilling. In central Poland, in a
moderately wet habitat, the spring overdrilling was more favourable than the late summer
overdrilling, with the exception of overdrilling technology with the use of selective
herbicides. Dactylis glomerata, in comparison to Festuca pratensis and Phleum pratense, was
the species most suited for overdrilling, disregarding the applied technology. Overdrilling
after Roundup spraying is a method for renovating meadows, which should be recommended
for wide use.
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Yield of a long-term pasture in relation to botanical composition of sward
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Abstract

In the long-term pasture differing in pHkcy and fertilisation levels, dry matter yield of herbage
depended on the combination of botanical composition components and their alternation. On
the PgoKgo background in good moisture conditions, legumes accounted for 44-48 %, whereas
in bad moisture conditions legumes accounted for 8 — 11% of the sward area. A strong linear
correlation (r = 0.778**| 0.817**I) was established between the total herbage dry matter
yield and legume dry matter yield in all soil pHkc) levels. The effect of grasses and forbs on
the total herbage dry matter yield was higher in the soil with pHgc 6.1-6.5 and 6.6-7.0 levels.
On the background of Ni20PgoKseo fertilisation the dry matter yield of herbage did not depend
on soil pHkc. The total dry matter yield of herbage was determined by the yield of grasses. A
strong linear correlation (r = 0.951**[ 0.964**1) was identified between these indicators in all
pHker levels. A strong linear correlation (0.812**I 0.842**]) was determined between the
total yield and forbs yield in the soil with pHkc) 6.1-6.5 and 6.6-7.0 levels.

Keywords: yield, botanical composition, liming, fertilisation
Introduction

The impact of mineral fertilisers on the floristic composition, productivity and health of long-
term pasture at different grazings is very important. Fertilisation affects the floristic diversity
of swards already in the first year after application (Koukoura et al., 2005). The yield
increases compared to a non-fertilised control were between 47-69 when the sward was
grazed and between 64-82 when the sward was cut. The anthropic intervention determined an
increase of the weight of species-rich when the doses of fertilizers also increased (Vintu et al.,
2006). The representation of legumes in permanent grasslands is markedly affected by a
mutual interaction of environmental conditions and the management practices applied to the
grassland (Klime$, 1999; Hopkins and Hrabe, 2001; Pacurar and Rotar, 2004). The
availability of N particularly during the first half of the growing season is likely to be the
most difficult to estimate. Nevertheless, as it plays a major role in the subsequent
development of clover, some means of readily estimating this variable needs to be devised
before a reliable decision support system, to predict clover yield and content can, be
developed (Laidlaw and Frame, 2006).

Materials and methods

The soil of the experimental site was a sod podzolic Hapli-Endohypogleyic Luvisol (IDg4-p)
light loam on medium loam with top soil pHke 5.2, available P,Os of 108 mg kg™ and K,0 of
142 mg kg*. Lime was applied before pasture sowing. Limestone rate was calculated
according to the titration curves neutraling the soil with 0.033 N CaCl, solution. Grass
mixture, containing 35% Trifolium repens L., 40%  Phleum pratense L. and 25% Poa
pratensis L. was sown. The sward was fertilised annually in spring with 60 kg ha™ of both
P,0s and K,O. Nitrogen (N1z) fertiliser was split-applied in two times after the 1% and 2™
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grazing. Treatments were replicated 4 times and grazed 4 times by a herd of dairy cows. The
botanical composition (grasses, clovers, forbs) of the samples was measured after separation
as dry matter weight. DM yield was determined on the basis of total DM amount per plot and
calculated as DM vyield ha®. The data of DM yields were statistically analysed by the
ANOVA according to Tarakanovas (1999).

Results and discussion

A very high coefficient of variation suggests that, in different years, the content of legumes
was very variable. White clover was the prevalent species (Table 1). The differences between
the minimal and maximal content of white clover were very great. This is especially distinct
on the Ni20PsoKeo fertilisation background since minimal white clover content in the sward
did not reach 1% and maximal content varied within 38-45% range. Due to this reason the
coefficient of variation exceeded nearly 100% the coefficient of variance calculated from the
data obtained on the NoPgKgo fertilisation background. Consequently, nitrogen fertiliser,
although applied in equal parts after the first and second grazing did not have any appreciable
effect on the reduction of competitive power of grasses, and white clover was able to resist
their aggression only for the first three years. The variation coefficient of grasses was
moderate and differed little between the soil pH levels. With sward senescence its competitive
power declined and forbs spread rapidly. Dandelion accounted for the largest share of forbs.

Table 1. The variation of botanical composition in relation to soil pHyc and fertilisation.

Soil Average LSDgs Minimum Maximum Coefficient
pPHkc amount % amount % amount % of variation V %
Legumes PgoKgo

5,1-5,5 25,7 3,19 11 44 43
5,6-6,0 27,0 3,16 8 47 40
6,1-6,5 25,2 3,05 11 44 42
6,6-7,0 26,8 3,39 10 48 44
LegumeS N120Ps0Kso

5,1-5,5 8,54 3,63 0,80 42 141
5,6-6,0 7,25 3,44 0,30 38 157
6,1-6,5 10,67 3,80 1,30 45 118
6,6-7,0 8,46 3,52 0,50 40 138
Grasses PgoKeo

5,1-5,5 48,0 3,42 26,7 66,4 24
5,6-6,0 46,8 3,40 31,8 64,1 24
6,1-6,5 47,6 2,91 32,0 63,1 20
6,6-7,0 49,7 2,54 35,4 62,5 17
Grasses N12oPeoKso

5,1-5,5 75,0 3,06 48,1 88,4 14
5,6-6,0 76,6 2,79 54,4 90,3 12
6,1-6,5 73,2 3,17 445 83,0 14
6,6-7,0 76,3 2,94 51,8 84,5 13
Forbs PeoKso

5,1-5,5 29,6 3,73 12 46 44
5,5-6,0 30,0 3,89 11 54 45
6,0-6,5 32,1 3,72 16 62 41
6,5-7,0 26,0 2,68 14 50 36
Forbs N120Ps0Keo

5,1-5,5 23,0 1,98 11 38 30
5,5-6,0 23,4 2,79 10 39 41
6,0-6,5 23,8 2,29 11 38 33
6,5-7,0 22,4 1,85 11 32 29
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The variation of forbs in pasture sward was very big, however with soil reaction becoming
more alkaline, this indicator declined. The least variation in the content of forbs in the pasture
sward occurred in the soil with a pH level of 6.5-7.0. The results of correlation analysis
showed that on the background of PgKgo fertilisation the dry matter yield of herbage was
mostly dependent on the content of legumes in the sward (Table 2). A strong linear
correlation was identified between these characteristics in all soil pH levels. The effect of
grasses on the total dry matter yield of herbage was more marked in acidulous or close to
neutral reaction soil and that of forbs when the soil reaction ranged from pHgc 5.6-6.1 to 6.5-
7.0. A strong linear correlation was determined between dry matter yield of herbage and the
content of grasses and forbs. On the N120PsoKso fertilisation background the total herbage dry
matter yield was determined by grasses. A linear correlation of 99% probability level was
identified between herbage dry matter yield and yield of grasses in all soil pHkc, levels. The
content of grasses was determined not only by mineral and lime fertilisers but also by the
weather conditions. The yield depended on grasses by 68-80%. Legumes were suppressed by
grasses and their content declined having fertilised with nitrogen. With a reduction in the
content of legumes the yield of herbage dry matter declined. A strong linear but negative
correlation was determined between these indictors only in the soil with a pHkc level of 5.1-
5.5. The occurrence of forbs was positively affected by the soil pHkci. With the variation in
the soil pHkci from 6.1-6.5 to 6.5-7.0 there was identified a strong linear correlation of 99%
probability level between the total dry matter yield of herbage and the yield of forbs.

Table 2. The influence of dry matter yield on yield botanical composition t ha™.

pPHkc Indices Linear correlation Linear regression
X -grasses v -yield r Sr tos Y A+ Bx
NoPsoKeo
5,1-5,5 Grasses 1,39 0.264 n +0.322 2,024 0,715
Legumes 0,93 0.778**| +0.210 2,016 1,188
Forbs 0,70 0.59%n +0.268 2,319 0,905
5,6-6,0 Grasses 1,51 0.329 n +0.315 1,836 1,011
Legumes 0,99 0.791**| +0.204 2,066 1,312
Forbs 0,86 0.668*I +0.248 2,447 1,069
6,1-6,5 Grasses 1,46 0.619* +0.262 0,261 2,002
Legumes 0,87 0.786**I +0.206 1,911 1,464
Forbs 0,85 0.72* +0.231 2,042 1,341
6,6-7,0 Grasses 1,52 0.706*I +0.236 -0,002 2,081
Legumes 0,93 0.817**| +0.192 1,873 1,376
Forbs 0,70 0.746**I +0.222 1,745 2,005
N120PeoKso
5,1-5,5 Grasses 3,68 0.964**| +0.088 1,35 0,942
Legumes 0,40 -0.662*I +0.25 5,539 -1,834
Forbs 0,81 0.68*I +0.244 3,078 2,149
5,6-6,0 Grasses 3,74 0.957**| +0.097 1,376 0,919
Legumes 0,28 -0.464 n +0.295 5,16 -1,22
Forbs 0,79 0.547n +0.279 3,52 1,642
6,1-6,5 Grasses 3,48 0.951**| +0.103 1,233 0,991
Legumes 0,41 -0.501 n +0.288 5,26 -1,393
Forbs 0,82 0.812**| +0.195 2,499 2,681
6,6-7,0 Grasses 3,69 0.957**| +0.097 1,359 0,923
Legumes 0,34 -0.435n +0.3 5,132 -1,075
Forbs 0,73 0.842**| +0.18 1,907 3,902
"*°05 - 95% probability level, "**'01 - 99 % probability level, “I'- Linear correlation, "n’- Non- linear
correlation.
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Conclusions

The total herbage dry matter yield of the pasture on the PgoKgo fertilisation background in all
soil pHkc levels was determined by the yield of legumes (r = 0.778**1 0.817**I), and on
N120PsoKeo background by the yield of grasses (r = 0.951**[ 0.964**1). The effect of forbs on
the total dry matter yield of herbage was more considerable in the soil with pHkc 6.1-6.5 and
6.6-7.0 levels.
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Botanical composition and dry matter yield of birdsfoot trefoil swards
under simulated grazing

Vasilev E. and Vasileva V.

Institute of Forage Crops, 89 Gen. VI. Vazov Str., 5800 Pleven, Bulgaria

Abstract

A field trial under non-irrigated conditions on low leached chernozem soil was carried out at
the Institute of Forage Crops, Pleven during the period of 2004-2006. Birdsfoot trefoil
(“Targovishte 1” variety) was studied in a pure stand, as well as in binary mixtures with
cocksfoot (“Dabrava” variety) and with wheatgrass (Agropyron cristatum L.). The sowing
rate of the legume: grass mixtures was 1:1. The swards were cut at the height of 20-25 cm to
imitate grazing regime of utilization. It was found that birdsfoot trefoil portion was greater in
swards of the mixtures with wheatgrass, as compared to the mixture with cocksfoot. The weed
infestation in the mixture of birdsfoot trefoil with cocksfoot was considerably lower, as
compared to the pure birdsfoot trefoil. Dry matter yield obtained from the mixtures of
birdsfoot trefoil with cocksfoot was higher than the yield obtained from the pure birdsfoot
trefoil for the second year and similar for the third year.

Keywords: birdsfoot trefoil, dry matter, botanical composition, mixture
Introduction

Birdsfoot trefoil is a pasture species with high nutritive value, non-bloating characteristics and
ability to withstand close grazing (Abberton et al., 2005; Hopkins and Holz, 2006). It is a
suitable component for perennial herbaceous mixtures, which are more resistant and often
perform better than pure swards (Leep et al., 2002; Mannetje, 2006). The objective of this
study was to determine botanical composition and dry matter yield of birdsfoot trefoil swards
under pasture regime of utilization.

Materials and methods

During the period 2004-2006 a field trial was carried out without irrigation by the long plot
method with five variants, four replications and a plot size of 10 m? Soil subtype is slightly
leached chernozem. Birdsfoot trefoil (“Targovishte 1” variety) was studied in a pure stand, as
well as in binary mixtures with cocksfoot (“Dabrava” variety), and with wheatgrass
(Agropyron cristatum L. - local population). Before basic cultivation 300 kg ha* P,Os and
150 kg ha™* K,O were applied, depending on soil supply. Nitrogen (50 kg ha™*) was applied at
the time of sowing (first decade of April). Chemical weed control was not conducted. The
sowing rate was 15 kg ha™ for birdsfoot trefoil and 25 kg ha™ for cocksfoot and wheatgrass.
The legume:grass ratio was 1:1 in the sown mixtures. The swards were cut at the height of 20-
25 cm to imitate grazing regime of utilization. Three, five and four cuts were obtained in
2004, 2005 and 2006, respectively. A botanical analysis of harvested herbage was conducted
following each cut. Data of dry matter were submitted to analyses of variance and means were
compared to those obtained from pure birdsfoot trefoil stands using LSD.
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Results and discussion

In the year of establishment, birdsfoot trefoil predominated in all swards in which it
participated (Figure 1). The grass portion was low in the mixtures and did not correspond to
the sowing ratio. When sown in spring these perennial grass species don’t form reproductive
stems in the year of establishment. Weed infestation of pure grasses and mixtures was greater
than that of the pure birdsfoot trefoil. Grasses were practically absent in the sward of the
mixtures and their portion was smaller than that of the weeds in their pure stands in the drier
and hot months during formation of second cut. During the second year, the botanical
composition of the swards significantly differed from that in the establish year. That was due
to reproductive development of grasses, as well as to interrelations between birdsfoot trefoil
on the one hand and grasses on the other hand, on the background of natural weed infestation.
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Figure 1. Botanical composition of the swards

The birdsfoot trefoil predominated in all cuts of wheatgrass mixture, as well in the first and
second cut of cocksfoot mixture. In the third cut birdsfoot trefoil and cocksfoot had
approximately equal portion, but in the four and fifth cut cocksfoot predominated. The weed
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portion in birdsfoot trefoil swards was the lowest in mixture with cocksfoot. There were no
significant differences between weed infestation in pure birdsfoot trefoil and that in
wheatgrass mixture.

During the third year the birdsfoot trefoil predominated in all cuts of its swards. Its portion in
the wheatgrass mixture was higher than that in cocksfoot mixture in the first second and third
cut. The portion of cocksfoot was bigger than that of wheatgrass in mixtures.

The weed infestation in the sward of pure birdsfoot trefoil was bigger than that in wheatgrass
mixture in the first and second cut, but in the third and fourth cut it was similar. The cocksfoot
mixture practically was without weed infestation in the first three cuts and less infested in the
fourth. The weed portion in the pure wheatgrass sward was several times higher than that in
pure cocksfoot in the second, third and fourth cuts.

After the year of establishment only the dry mass yield of cocksfoot mixture significantly
exceeded that obtained from the pure birdsfoot trefoil in second and third cuts and as a total
for the second (2005) year. The wheatgrass mixture was more dry mass productive in the
fourth cut than pure birdsfoot trefoil, but the weed portion in that cut was significant (Fig. 1).
During the third year the yields of dry mass in the first cut of both mixtures exceeded that
obtained from the pure birdsfoot trefoil. The dry mass yields of cocksfoot mixture in the third
cut, as well as in fourth cut for both mixtures were lower than those of birdsfoot trefoil.
However, we have to notice the significant weed portions in the mentioned cuts of the pure
birdsfoot trefoil, as well as for its mixture with wheatgrass.

Table 1. Dry matter yield (kg ha) of the swards

Treatments Cuts %
| Il Il v V Total
2004
1. BT 100% 4416 1008 991 - - 6416 100.0
2.BT50% + C50% 4685 1031 1602 - - 7318 114.1
3. BT 50% + W 50% 2698 1119 1485 - - 5302 82.6
4. C 100% 2164 884 1051 - - 4100 63.9
5. W 100% 802 1265 1455 - - 3521 54.9
2005
1. BT 100% 2324 4552 2557 2154 1416 13003 100.0
2.BT50% + C50% 2342 5457 3015 2177 1663 14655 112.7
3. BT 50% + W 50% 2375 4661 2663 2402 1473 13574 104.4
4, C 100% 2339 3318 1566 1065 1513 9800 75.4
5. W 100% 1777 2335 609 740 926 6387 49.1
LSD 5% 274 348 236 139 316 962
2006
1. BT 100% 1911 1963 1451 1448 - 6773 100.0
2.BT50% + C50% 2560 1724 1108 1210 - 6602 97.5
3. BT 50% + W 50% 2634 1779 1361 1275 - 7049 104.1
4, C 100% 943 862 427 437 - 2669 39.4
5. W 100% 526 729 359 420 - 2034 30.0
LSD 5% 202 247 169 247 704

BT, Birdsfoot trefoil; C, Cocksfoot; W, Wheatgrass

108 Grassland Science in Europe Vol 12



Conclusions

Birdsfoot trefoil portion was greater in swards of the mixtures with wheatgrass, as compared
to the mixture with cocksfoot. The weed infestation in the mixture of birdsfoot trefoil with
cocksfoot was considerably lower, as compared to the pure birdsfoot trefoil. Dry matter yield
obtained from the mixtures of birdsfoot trefoil with cocksfoot was higher than the yield
obtained from the pure birdsfoot trefoil for the second year and similar for the third year.
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The floristic biodiversity of the main hill and mountain pasture types from
the S-W of Romania and their productive capacity

lonescu I. and Osiceanu M.
The University of Craiova, the Faculty of Agronomy, Romania
Abstract

Studies were carried out on two meadows of types prevalent in S-W Romania. An Agrostis
capillaris meadow, situated at 300 m altitude, was made up of 39 species (10 graminaceous, 7
leguminous and 22 species of other botanical families), most of them hemicryptophytes,
indifferent to temperature, humidity and the reaction of the soil. A Nardus stricta meadow,
situated at 1600 m altitude, was composed of 34 species, of which 7 graminaceous, 2
leguminous, 2 cyperaceous and 23 plants of other botanical families. Most species were
hemicryptophytes, specific to the chill-temperate areas, preferring damp to humid soils,
adaptable or preferential to acid soils. The production, of both types of meadows was
markedly increased with manure administrated in different doses, together with low doses of
NPK.

Keywords: permanent meadows, biodiversity, organic fertilizers
Introduction

In S-W Romania, the different climatic and edaphic conditions give rise to great floral
diversity in the permanent meadows. In the Sub-Carpathian area, Agrostis capillaris meadows
are common whilst in the mountain area Nardus stricta meadows are prevalent. Both types of
meadows have low production, and this is also demonstrated by the pastoral value
(determined through the geobotanical method) which is of 2.53 for the hill meadow and of
only 0.58 for the mountain meadow, compared to the maximum value of 5 at the highly
productive meadows.

Materials and methods

During 4 years of trials (2003-2006) studies were made on an Agostis capillaris hill meadow,
located in the Sub-Carpathian Depression of Oltenia, at 300 m altitude, and on a Nardus
stricta meadow, located at 1600 m altitude in the Parang Mountains.

A range of fertilizer treatments involving organic manures and low doses of chemical
fertilizers were applied as shown in Table 2. The experiments were laid out in the hay fields
and consisted of random blocks with 4 replicates. Assessments were made of floristic
composition, soil conditions and productivity.

Results and discussion

The floristic biodiversity.

The Agrostis capillaris meadow was made up of 39 species, comprising 10 graminaceous, 7
leguminous and 22 species of other botanical families. Agrostis capillaris had the highest
level of cover (35%), followed by Festuca rubra (23%).

The meadow is dominated by hemicryptophytes, which have a cover of 94%, represented by
28 species with important contributions from: Agrostis capillaris, Festuca rubra,
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Anthoxanthum odoratum, Poa pratensis, Lotus corniculatus, Trifolium pratense, Trifolium
repens. The rest of the bioforms have an insignificant cover (Table 1).

Table 1. The specific biodiversity of the permanent hill and mountain meadows

The A. capillaris meadow The N.stricta meadow

Biodiversity elements Number of Cover Number of Cover
species % species %

Hemicriptophyta 28 4 23 87
Terophyta- hemiterophyta 3
Hemicriptophyta- geophyta
Hemiterophyta

Terophyta

Hemiterophyta- Hemicriptophyta
Hemicriptophyta- Chamaephyta
Chamaephyta

Geophyta

Mezophanerophyta - -
Nanophanerophyta- Chamaephyta - -
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The analysis of the value of the temperature index shows that 21 species that cover 81 % of
the meadow surface are temperature indifferent: Agrostis capillaris, Festuca rubra, Poa
annua, Lotus corniculatus, Achillea millefolium, Hieracium pilosella, etc.18 species are
specific to the temperate, warm temperate or warm areas. Concerning the soil reaction,
indifferent species are clearly dominant, both as number (23) and as coverage (32%).Species
preferring moderate acid soils are also presented (Anthoxanthum odoratum, Potentilla
argentea, Veronica serpyllifolia) as are those preferring neutral soils (Trifolium patens,
Galium verrum, Potentilla reptans).

The Nardus stricta meadow had 34 species, of which 7 were graminaceous, 2 ciperaceous, 2
leguminous and 23 species of other botanical families. Of the graminaceous species, Nardus
stricta had 45% cover, while the others had smaller cover (Agrostis capillaris 15%,
Deschampsia flexuosa 5%, Anthoxanthum odoratum 2%, Festuca ovina ssp. sudetica 1%).
The leguminous species (Trifolium pratense, Trifolium repens), were rarely found, and of the
diverse species Hieracium aurantiacum covered 5 % and the Vaccinium sp. 4 %.
Hemicryptophytes also dominated this meadow (23%), covering a total of 87% of the
meadow surface.

Plants had low temperature indexes, being representative of the mountain climate, for
example: Deschampsia flexuosa, Alchemilla vulgaris, Campanula abietina, specific to the
chill-temperate areas, Crocus heuffelianus, Hieracium aurantiacum, Soldanella montana,
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Festuca ovina ssp. sudetica, Potentilla ternata or Geum montanum, specific to the cooler
areas.

Most species are adaptable or prefer acid or very acid — acid soils: Nardus stricta,
Deschampsia caespitosa, Vaccinium vitis idaea, Geum montanum etc.

The productivity.

The hill meadow of the Agrostis capillaris type has currently low dry matter (DM)
productivity, of 1.4 -2 t/ha, because of the lack of care and improvement works. With organic
fertilizers or combinations of organic and mineral fertilizers, the production increased on
average for 4 years to 3.21-5.02 t DM/ha. (table 2).

Table 2. The influence of organic fertilizers, alone or together with chemical fertilizers, on the production of hill
and mountain meadows (2003-2006 average)

Variants The A.capillaris meadow The N. stricta meadow
t DM/ha Diffe- Signifi- tDM/ Diffe- Signifi-
rence cance ha rence cance
10 t annually 3.40 +0.15 - 1.85  -0.02 -
20t at 2 years 3.21 -0.04 - 1.78 -0.09 -
40t at 4 years 3.25 - Reference  1.87 - Reference
crop crop
10 t annually + 50 N,50 P, 50 K annually 4.77 +1.52 *x 3.10 +1.23 Frk
20tat 2 years + 50 N,50 P, 50 K annually 471 +1.46 ol 253  +0.66 *
40t at 4 years + 50 N,50 P, 50 K annually 5.02 +1.77 Frk 2.61 +0.74 *x
20 tat 2 years + 50 N, 50 P, 50 K 4.33 +1.08 * 238  +0.51 *
40t at 4 years + 100 N, 50 P, 50 K? 472 +1.47 x> 239 4052  *
DL5% 0.90 0.51
DL1% 1.24 0.68
DL 0.1% 1.61 0.92

1) Fertilizers minerals only in the year without manure

2) Chemical ferilizers only in years 3 and 4(without manure)

If differences: >0.1% very significant *** ; > 1% distinct significant ** ; > 5% significant * ;
< 5% non significant -

The organic fertilizer, applied alone, had a lower productivity, meaning a little over 3 t
DM/ha, depending on the dose and the application spell. For the combined treatments, the
yields were higher, especially at the yearly treatments using chemical fertilizers. The trial
with 40 t/ha manure every 4 years and 50 N 50 P,Os 50 K,O applied yearly had an yield of
5.02 t DM/ha, with a very significant positive difference of 1.77 t/ha compared to the trial
with 40 t/ha manure every 4 years considered as reference.

The Nardus stricta meadow, much more deteriorated, with current productions of 1-1.2 t
DM/ha. increased production up to 3.10 t DM/ha. at the treatment with 10 t/ha manure + 50
kg N, 50 kg P,Os , 50 kg K,O annually applied.The other variants, with manure doses of 20-
40 t/ha periodically applied, together with chemical fertilizers, have made 2-2.5 t DM/ha and
the treatments with manure alone, only 1.78 — 1.87 t/ha DM.

The meadow’s botanical composition was modified under the influence of the fertilizers (less
at the treatments with manure only and more at the combined treatments):

-For the Agrostis capillaris meadow the percentage of graminaceous (Agrostis capillaris,
Festuca rubra, Arrhenatherum elatius, Lolium perenne) increased from 50% to over 70%, the
percentage of leguminous increased from 7% to 13-15% and the percentage of plants from
other botanical families decreased,;

-For the Nardus stricta meadow, the dominant species decreased from around 60% to 40%,
increasing the percentage of Festuca rubra. On this meadow, there was no registered increase
of the leguminous percentage, no matter what treatment used.
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Conclusions

The main types of hill and mountain meadows in S-W Romania are of the Agrostis capillaris
type and the Nardus stricta type.In the Agrostis capillaris meadow there were 39 species (10
graminaceous, 7 leguminous, 22 others ), most of them hemicryptophytes, indifferent to the
thermal factor, as well as to the reaction of the soil. The mountain meadow, Nardus stricta,
had 34 species (7 graminaceous, 2 leguminous, 2 ciperaceous and 23 others) most of them
hemicryptophytes specific to the chill areas, with a preference for acid soils. The production
of these meadows was improved in treatments with:10 t/ha manure + 50 N, 50 P,0s, 50 K,0
annually (the Nardus stricta meadow ) or with 20-40 t/ha manure applied every 2-4 years,
together with 50-100 N, 50 P,Os, 50 KO in the non-fertilized years (the Agrostis capillaris
meadow).
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Dynamic of changes in botanical composition of meadow sward in
conditions of differentiated fertilisation and optimal moisture

Barszczewski J., Wolicka M. and Burs W.

Institute for Land Reclamation and Grassland Farming at Falenty, Al. Hrabska 3, 05-090
Raszyn, Poland

Abstract

The study on mineral soil was conducted in two stages: 1988-1993 (a new reseeded meadow)
and 1995-2000 (resowing of this parcel with the same mixture of species as in 1988).
Fertilisation treatments with nitrogen (N) and sulphur (S) were different in level and type of
used fertilisers: A (N-120 kg ha™), B (N-240 kg ha™), C (N- 360 kg ha™), D (NS-240 kg ha™),
E (NS-360 kg ha™). With the increase in N fertilisation the P and K fertilisation increased too.
On NS objects all K doses and part of N and P doses were covered by the use of slurry. After
6 years of study a dominance of Dactylis glomerata and Agropyron repens was stated on B,
C, D and E treatments as well as an excess of Taraxacum officinale on all the treatments. In
1994 the meadow was resown because of an inappropriate botanical composition. In 2000, the
sixth year after renovation, similar changes were stated in the botanical composition of the
sward as in 1993.

Keywords: meadow sward, changes of botanical composition, fertilisation, renovation
Introduction

Soil moisture and fertilisation are important factors for yield and botanical composition of a
meadow sward. The changes in botanical composition in optimal moisture conditions depend
on form and quantity of fertilisation and frequency of meadow cutting. Some of the studies
show that grassland fertilisation with slurry (Michna 1982, Nowak 1984) can be the reason of
its weeding by the increase of Taraxacum officinale Webb. Mac¢kowiak, Mazur (1987) and
Jargietto and Sawicki (1982) show that slurry application increases the participation in the
sward of Dactylis glomerata L., Phleum pretense L., Poa pratensis L., Agropyron respens L.
or Bromus inermis Leyss.

The aim of study was to evaluate the changes of botanical composition of meadow sward
during a 6 year-period.

Material and methods

The experiment was established in Falenty on degraded black soil. Its granulometrical
composition was: middle clay to 80 cm and deeper loose sand or weakly loamy sand. Before
the start of the experiment (spring 1987) the parcel was ploughed and limed (dose 2.0 t ha™
Ca0). The grass mixture contained 10% Alipecurus pratensis, 20% Festuca pratensis, 15%,
Phelum pratense, 10% Dactylus glomerata, 10% Agrostis gigantea, 10%, Poa pratensis, 20%
Lolium perenne and 5% Triforium hybridum L.. The experiment with random block design
was established in four replicates. In the first three years the grass was cut tree times per
season, later on it was cut four times.

The botanical composition in the first cut in 1994 showed an excess of some inferior grass
species and large weeds. This botanical composition showed the necessity of meadow
renovation. Renovation was made by harrowing 4 times and sowing the same grass mixture.
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In the following year the botanical composition of the sward in the first cut was very similar
t01988. For this reason four botanical analysis on particular blocks were done and the results
were averaged for every treatment.

On the A, B, C objects (Table 1) only chemical fertilisers were used: ammonium nitrate
(34.5% N), tripled super phosphate (20.1% P) and potash salt (47.3% K). On the D and E
treatments liquid cattle manure fulfilled the potassium need; phosphorus and nitrogen were
completed respectively by super phosphate and ammonium nitrate. The liquid manure was
always analysed. The average content was 3 g N kg, 0.2 g P,Os kg™, 5.4 g K,O kg™ and 40 g
dry matter kg™*. Liquid manure was used in equal doses in every cut. The phosphorus demand
was fulfilled once in spring. In the period of study the DM yield was evaluated. In the first
and sixth year of the study the botanical-gravimetric analysis was used to evaluate changes of
the botanical composition.

Table 1. Fertilisation in the experiment in Falenty

dose, kg ha™
treatment years 1988 - 1990 after year 1991
N P K N P K
A 120 35 83 120 35 100
B 240 52 124 240 52 150
C 360 70 166 360 70 299
D 240 52 124 240 52 149
E 240 52 124 360 70 299

Results an discussion

In the first year of study (1988) on all the plots the prevailing species were: Lolium pratense
L. (37.0%) Dactylis glomerata L. (20.2%) and Festuca pratensis L. (19.7%). There was an
amount of Phleum pratense L. (16.8%) but Poa pratensis L. and Festuca rubra had a minor
participation in the meadow sward: 1.6% and 2,3% respectively. A small participation of
Agropyron repens L., Poa trivialis L. and Bromus inermis Leyss. was noticed on some plots.
Among legumes only Trifolium pratense L. was stated on several plots. Taraxacum officinale
Webb (0,6%) was the most important herb.

In 1993, the sixth year, the significant increase of Dactylis glomerata L. on all the objects was
noticed but the largest increase was situated on the treatments fertilized with liquid manure.
On the D and E treatment the Dactylis glomerata L. participation was 45% and 65%
respectively. A considerable decrease of Phleum pratense L., Lolium perenne and Festuca
pratensis L. was noticed on all objects fertilised with mineral and organic-mineral forms of
fertilisers. Large increase of participation of Poa pratensis L. was noticed on all mineral
fertilised objects and the largest increase was on treatment A (25.7%). Treatment C had the
highest participation of Agropyron repens L. (51,5%). Other grass species showed no
important changes. In this stage of study a total disappearance of legumes in the meadow
sward was observed. In the group of herbs and weeds a very significant growth of Taraxacum
officinale Webb. was stated on all the treatments but especially on the organic—mineral
fertilised treatments.

The six-year period of utilisation of the resown meadow caused large weeding with many
species. The participation of weeds on the different treatments was 15% to 35%, and proved
the necessity of meadow renovation.

In the year after renovation, the grasses participated in the botanical composition for 97.8%.
The participation of legumes was only 1% and the group of herbs and weeds was 1.2% (Table
2). The dominant grass species were Lolium perenne L. (16.0%), Festuca pratensis L.
(17.8%), Dactylis glomerata L. (17.3%) and Phleum pratense L. (1.0%). The following six-
year period was characterized by high yields (Figure 1): about 6 t ha™* of hay on treatment A
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to about 11 t ha™ of hay on C and E and caused significant changes in botanical composition
of the meadow sward.

Table 2. The participation of the individual species in the meadow sward

1988 - 1995 -
treatments A B C D E treatments A B C D E

Dactylis glomerata 20.2 379 406 288 452 628 17.3 408 231 170 58.0 64.1
Phleum pratense 16.8 31 70 17 47 07 16.0 22 20 08 15 1.0
Lolium perenne 37.0 27 06 01 20 19 24.1 33 09 03 60 23
Poa pratensis L. 1.6 25,7 199 11.0 92 45 5.6 344 610 518 184 94
Festuca pratensis Huds. 19.7 24 2.6 0.7 1.6 2.7 17.8 31 0.4 0.3 3.0 0.4
Festuca arudinacea Scherb. 0.5 0.2 0.1 0.1 0.1
Festuca rubra L. 2.3 0.2 0.8 9.3 15 0.7 5.0 0.6
Agropyron repens L. 0.8 5.5 7.7 415 25 31 0.3 0.9 89 282 28 169
Agrostis gigantea L. 0.1 01 01 08 01 5.6 0.5
Bromus inermis Leyss. 0.2 0.1 06 0.1
Bromus mollis L. 0.2
Poa annua L. 0.3 0.5 0.1 0.1
Poa trivialis L. 0.3 06 0.1 01 01 0.5 0.1 04 01
Arrhenthurum elatius L. 0.2
Alopecurus pratensis L. 9.3
Lolium multiflorum Lam. 1.8 0.3 0.1 0.7 0.4
Holcus lanatus L.
Total grasses 99.0 790 792 847 654 760 97.8 96.1 984 99.2 964 953
Total legumes 0.1 1.0
Taraxacum officinale Webb. 0.6 20.0 198 146 342 236 0.8 2.9 0.3 3.0 2.4
Cerastium vulgatum L. 0.3 03 01
Stellaria media L. 0.1 01 06 03 02 02 0.1 0.1
Sinapsis arvensis L. 06 01 03 0.1
Capsella bursa-pastoris 02 02 01 01
Cirsium arvense Webb. 01 01 01 01 0.3 08 03
Achillea millefolium L. 0.3 0.2
Rumex obtusifolius L. 0.3 1.2 0.1 2.3
Total weeds and herbs 0.9 21.0 208 153 346 240 1.2 3.9 16 08 36 47

Total 100.0  100.0 100.0 100.0 100.0 100.0 100.0  100.0 100.0 100.0 100.0 100.0

In 2000, after a six-year period of meadow utilisation, a significant increase of participation of
Dactylis glomerata L. was stated on the majority of the treatments. On treatment B this
increase was comparatively small and on treatment C there was no increase at all. On
treatment A, D and E Dactylis glomerata L. was dominant with a participation between
40.8% and 64.1%. A significant decrease of Phleum pratense L. (to 2%), Lolium perenne L.
(from 0.9% to 6.0%) and Festuca pratensis L. (from 0.3% to 3.0%) was stated on all the
treatments, similarly to the previous stage of this study. On all the treatments Poa pratensis L.
increased. The minor increase of Poa pratensis L. occurred on both treatments with liquid
manure and completed with mineral fertilisers (D and E). On some treatments, especially C
and E, a significant increase of Agropyron repens L. was stated, but this was less than in the
first study period. In this stage of study the significant increase of participation of Festuca
rubra L. on all the treatments was stated, especially on treatment A. The participation of other
grasses was insignificant (from 0.1% to 2%). The total participation of grasses was very
considerable, from 95.3% to 99.2%, and the highest level was found on the C treatment. In
2000, similar to 1993, there were no legumes at all. On all the plots in 2000 a insignificant
increase of herbs and weeds (from 0.8% to 4.7%) was observed in the meadow sward in
comparison with 1993.
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Fig. 1 Annual DM yields of a meadow sward on the experiment in Falenty

The study confirms the results of other authors (Mac¢kowiak and Mazur 1978; Jargietto and
Sawicki 1982) about the increase Dactylis glomerata L., Poa pratensis L and Agropyron
repens L on treatments with liquid manure fertilisation. The study do not confirm the increase
of Phleum pratense L. and Bromus inermis Leyss caused by this form of fertilisation. The
first stage of this study shows the significant increase of Taraxacum officinale Webb. on all
the treatments, and especially on the treatments with liquid manure, which confirms the
results Michna (1982) and Nowak (1984). Progressive changes in the second stage of the
study do not confirm results of those authors. A significant increase of Poa pratensis L. in
both stages, especially on treatments with mineral fertilisation, indicate the influence of
mineral fertilisation on the increase of Poa pratensis L. in the meadow.

Conclusions

Optimal soil moisture in combination with a small fertilisation rate created good conditions
for the development of Dactylis glomerata L. and Poa pratensis L. in a meadow sward.

A positive reaction of Agropyron repens L. in high levels of mineral fertilisation resulted in
an important participation of this species in the meadow.

The study proved also a positive influence of liquid manure on development of Dactylis
glomerata L. in the meadow sward.

Dynamic development of weeds, mostly Taraxacum officinale Webb., in the first stage of the
study was caused by scattered sod. In the second stage, after resowing, there was no increase
of weeds because renovation resulted in a more dense sod.
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Abstract

The influence of different pasture improvement measures (herbicide application, fertilisation,
oversowing, resowing) on sward botanical and chemical composition was investigated during
2000-2004. Three trials were carried out on different by proportion of forbs and DM vyield old
pastures. All measures used for sward improvement changed pasture botanical and chemical
composition and significantly increased pasture yield. Spraying by herbicide decreased the
amount of forbs in the sward by 1.9-10.5% and insignificantly (0.3-2.3%) decreased the
amount of legumes. Fertilising with 120 kg N ha™* considerably decreased the amount of forbs
by 6.8-7.9% and the amount of legumes, however, pasture DM vyield was the highest.
Additional oversowing increased amount of legumes in the sward by 9.1-10.5% and
decreased the amount of forbs by 2.4-4.7%. The sward was enriched with legumes by 6.4-
8.2% and the amount of forbs decreased by 0.8-9.4% after pasture resowing. N fertilisation,
additional oversowing and resowing increased accumulation of crude proteins in pasture
sward. The accumulation of crude fibre in the pasture sward was less using additional
oversowing and resowing. No considerable changes in crude ash and crude fat amounts
depending on different improvement measures were determined.

Keywords: botanical composition, resowing, oversowing, fertilization, chemical composition
Introduction

Investigations carried out in different locations in Lithuania with the aim to improve pastures
suggest that it is not necessary to resow pastures with 60-70% of good grasses. It is possible
to improve them by surface treatments (Zimkus, 1992; Butkuviené and Zableckiené, 1997).
The renovation of degraded pastures in south-west Poland with two methods of sward
renovation, namely herbicide use in combination with direct drilling and full tillage, proved to
be suitable (Wolski and Stypinski, 2001). The renovation of permanent grasslands by
overdrilling results in the incorporation of valuable grass and legume species and leads to the
improvement of herbage quality and yield (Komarek and Kohoutek, 1998; Golinski and
Kozlowski, 2000). Some researchers have noted that pasture productivity usually needs to be
maintained by mineral fertiliser application, especially application of nitrogen. Nitrogen
fertilisers N120—N240 in limed pasture, independently from phosphorus and potassium fertiliser
rates, increased pasture’s productivity by 2.19 - 3.38 t ha'and improved forage quality
(Daugeliené, 2002). The efficiency of nitrogen fertilisers was less in pastures, arranged on
acid soils. Therefore, fertilisation with 120 kg N ha™ and with 240 kg N ha™ increased pasture
DM vyields by 1.72 and 1.91 t ha™ respectively (Butkuviené and Butkuté, 2005). Zimkus
(1995) claims, that increased N fertiliser rate from 60 t0180 kg N ha™ results in grass DM
yield increase by 37-97%. Oversowing and resowing increased pasture DM yields from 25%
to 40% and 75% respectively. The highest amount of legumes was determined in oversown
and resown pastures. Increased N fertiliser rates lead to the gradual increase of grass yield and
crude protein content.

118 Grassland Science in Europe Vol 12



Materials and methods

Different improvement measures were investigated on pasture of 15-18 years old pastures
where grasses were dominant. White clover (Trifolium repens L.) accounted for 10-20% and
forbs for 25-35% (mainly dandelion, Taraxacum officinale L., yarrow, Achilea millefolium L.
and buttercup, Ranunculus repens L.). The research was carried on Haplic-Albic Luvisols
with topsoil pHke 5.2-6.2; 60-184 mg P,0s kg™*; 104-122 mg K,0 kg™ and 2.9-3.7% humus.
Research was carried out on different pastures: i) sprayed with herbicide MCPA (3.7 | ha™) in
autumn, at the beginning of the research and ii) not sprayed with herbicide. On both pastures,
4 treatments were compared: i) control, without any improvement measure; ii) fertilisation
with 120 kg N ha™; iii) oversowing with a white clover and timothy (Phleum pratense L.)
mixture and iv) resowing. The legume-grass mixture: white clover cv. ‘Atoliai’ (4 kg ha™)
and timothy cv. ‘Gintaras 11’ (2 kg ha™) was owersown with a disk drill straight in the pasture
sward. The mixture, which contained white clover cv. ‘Atoliai’ 25%, timothy cv. ‘Gintaras II’
40%, smooth-stalked meadow grass (Poa pratensis L.) cv. ‘Danga’ 25% and meadow fescue
(Festuca pratensis Huds.) cv. ‘Dotnuvos I’ 10% was used for resowing. The mixture was
sown with a cover crop — spring barley (Hordeum vulgare L.) cv. ‘Roland’ for grain. Each
treatment had four replications and was fertilised annually with 60 kg P,Os ha™ and 60 kg
K0 ha in spring. Nitrogen fertilisers (120 kg ha™) were applied in two times: after 1% and
2" grazing.

Results and discussion

Three year average data of three experiments are presented in the paper. As indicated in table
1, grasses accounted the highest proportion in sward botanical composition.

Table 1. Improvement measures influence on pasture sward botanical composition.

Measure of Plant Non-sprayed background Sprayed background

improvement  group  1%trial 2"trial 3trial mean  1%trial 2"trial 3“trial  mean

Control grasses 54,4 50,7 53,4 52,8 64.9 69.4 56.4 63.6
legumes 20,4 16,0 18,8 18,4 17,3 17,3 19,8 18,1

forbs 25,2 33,3 27,8 28,8 17,8 13,3 23,8 18,3

Fertilisation  grasses 73,0 76,9 76,0 75,4 89,3 89,5 82,5 87,1
N120 legumes 50 2,4 3,9 3,7 0,7 1,4 2,1 1,4
forbs 22,0 20,7 20,1 20,9 10,0 9,1 15,4 11,5

Oversowing  grasses 48,4 48,8 439 47,0 63,1 63,7 439 56,9
legumes 27,4 23,9 35,3 28,9 20,9 24,8 35,9 27,2
forbs 24,2 27,3 20,8 24,1 16,0 115 20,2 15,9

Resowing  grasses 54,8 57,8 54,9 55,8 52,4 61,2 54,8 56,2
legumes 22,8 21,6 29,9 24,8 24,6 234 31,0 26,3
forbs 22,4 20,6 15,2 19,4 23,0 15,4 14,2 17,5

LSDgs grasses 4.59; legumes 5.75; forbs 5.45 grasses 9.41; legumes 6.59; forbs 7.46

Spraying herbicide decreased the proportion of forbs in the pasture sward in all three trials.
Consequently, the amount of grasses increased. However, the considerable increase by 9.9-
11.7% was determined only in old pasture (control). The proportion of grasses was similar
both in sprayed and non-sprayed with MCPA resown pasture. According to the average data,
spraying by herbicide considerably decreased the amount of forbs in the sward by 1.1-1.8
times or 1.9-10.5% and insignificantly decreased the amount of legumes by 0.3-2.3%.
Legumes suffered from spraying.

Fertilising with 120 kg N ha™ considerably increased the amount of grasses by 22.6-23.5%
and decreased the amount of forbs by 6.8-7.9%. Applied nitrogen fertilisers significantly
decreased the amount of legumes by 14.7-16.7% and legumes nearly died out. Therefore,
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grasses spread out. Despite unfavourable meteorological conditions for permanent grass seeds
germination (1* and 2" trial), the amount of legumes after pasture oversowing increased.
Oversown mixture seeds germinated rather well in 3™ trial and plants persisted during
considered period. The average data of three experiments showed, that oversowing with
legume-grass mixture increased amount of legumes in the sward by 9.1-10.5%. The amount
of forbs was insignificantly less in oversown swards.

Pasture resowing had effect on all considered trials. As a result, pasture botanical composition
improved and productivity increased. The sward was enriched with legumes by 6.4-8.2% after
pasture resowing. After non-sprayed pasture was resown the amount of forbs significantly
decreased by 9.4%. Sward weedness insufficiently decreased by 0.8 % after pasture resowing,
sprayed with MCPA.

Table 2 summarises the data on the changes of sward chemical composition depending on
used different pasture improvement measures. Additional oversowing and resowing resulted
in increase of legumes in the pasture sward, what influenced positively the accumulation of
crude protein. The same tendency in pastures, fertilised with nitrogen, was observed. The
average data showed that considerable increase of crude protein amount in non-sprayed
pasture sward was obtained only when oversowing was done. However, all measures had no
considerable influence on crude protein amount, when the pasture was sprayed with herbicide.

Table 2. Improvement measures effect on pasture sward chemical composition.

Measure of Non-sprayed background Sprayed background
improvement Prial  2"9trial  3“trial mean  1%trial 2"trial 3“trial  mean
Crude protein g kg™ DM
Control 151 136 148 145 150 130 144 141
Fertilisation N1y 154 153 149 152 151 145 147 148
Oversowing 168 161 153 161 147 158 150 152
Resowing 154 139 160 151 149 146 163 153

LSDgs  20.3 23.2 10.0 14.2 18.6 15.5 16.3 15.8

Crude fibre g kg™ DM

Control 215 226 230 224 216 251 227 231
Fertilisation Nz 230 228 248 235 240 252 251 248
Oversowing 215 220 219 218 229 234 220 228
Resowing 212 235 224 224 213 233 225 224

LSDgs 114 22.2 18.2 14.5 21.8 11.9 21.8 15.6

Crude fat % in DM

Control 4.64 4.94 4.64 4.74 441 4.13 4.54 4.36
Fertilisation N1y 4.94 4.86 4.48 4.76 4.16 4.20 4.54 4.30
Oversowing 4.50 4.93 4.50 4.64 4.23 412 4.60 4.32
Resowing 4.25 4.35 4.74 4.45 4.24 4.52 4.44 4.40

LSDgs  0.720 0.808 0.358 0.481 0.604 0.669 0.660 0.300

Crude ash % in DM

Control 8.35 9.49 8.86 8.90 8.13 9.28 9.21 8.87
Fertilisation N1y 7.76 8.51 7.82 8.03 7.39 8.91 8.64 8.31
Oversowing 8.82 9.40 8.92 9.05 8.31 9.04 8.88 8.74
Resowing 9.42 8.74 8.20 8.79 8.41 9.09 8.50 8.67

LSDgs  1.015 1.084 0.889 0.890 1.012 1.305 0.960 0.567

The crude fibre content in the sward changed slightly after improving the non-sprayed pasture
by considered measures. According average data the increase of the crude fibre content was
significant only when the pasture was sprayed with MCPA and fertilised with nitrogen. The
accumulation of crude fibre in the pasture sward was inconsiderably less using additional
oversowing and resowing measures. No considerable changes in crude ash and crude fat
content depending on different improvement measures were determined.
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According to the average data, different improvement measures significantly increased
pastures yield (Table 3). The highest yield increase by 1.68-1.75 t ha™ was obtained with
nitrogen fertilisation in both sprayed and non-sprayed pastures. Pasture resowing also
significantly increased dry matter yield by 1.45-1.56 t ha™. Oversowing significantly
increased pasture dry matter yield by 0.97-1.09 t ha™. The significantly higher amounts of
metabolisable energy were obtained when improving pasture by fertilisation with 120 kg N
ha™ and resowing with legume-grass mixture in both sprayed and non-sprayed pastures. The
highest metabolisable energy yield (57.7-57.8 GJ ha™) was obtained in the treatments where
nitrogen fertilisers were applied.

Table 3. The influence of pasture improvement measures on sward productivity.

Measure of Non-sprayed background Sprayed background
improvement 1trial  2trial  3¥trial mean  1%trial  2"trial 3Ytrial  mean
DM yield t ha*
Control 4.36 4.08 2.54 3.66 4.23 4.31 2.80 3.78
Fertilisation N1y 6.00 5.98 4.25 5.41 5.72 6.04 4.63 5.46
Oversowing 4.95 5.13 3.82 4.63 4,96 5.60 4.06 4.87
Resowing 5.64 5.74 3.94 5.11 5.67 6.16 4.20 5.34

LSDgs  0.18 0.14 0.24 0.11 0.19 0.21 0.26 0.12

Metabolisable energy GJ ha™*

Control 43.0 39.6 32.3 38.3 41.3 40.6 31.7 37.9
Fertilisation N1y 62.0 61.2 50.3 57.8 60.2 59.9 53.0 57.7
Oversowing 49.7 49.3 44.4 47.8 46.3 51.3 43.4 47.0
Resowing 65.3 62.2 39.9 55.8 64.6 65.9 41.3 57.3

LSDgs  17.68 15.44 12.64 9.48 19.85 18.24 11.07 10.15

Conclusions

Additional oversowing and resowing improved the feeding value of the sward, as the amount
of legumes increased and amount of forbs decreased. Spraying with herbicide (MCPA, 3.7 |
ha) decreased the proportion of forbs in the sward by 1.1-1.8 times.

Fertilisation with nitrogen, additional oversowing and resowing had no considerable influence
on the chemical composition of pasture. However, considered measures tended to increase the
amount of crude protein in pasture sward.

Effect of all considered measures on pasture DM vyield arranged in the rank of priority:
fertilisation with 120 kg N ha™, resowing and additional oversowing.
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Abstract

The assessment of changes in herbage and woody biomass in relation to shrub cover is critical
for planning sustainable management of Mediterranean rangelands. The aim of this study was
to evaluate shrub cover effects on dry matter yield during secondary succession following
extensification of human activities, especially fuelwood collection and goat grazing. The
study was conducted in Lagadas county, northern Greece, in June 2005. In four types of
vegetation, namely abandoned field grassland, open and dense shrublands located in a
gradient of increased land use extensification, the aboveground herbage and woody biomass
were measured. In addition shrub and total plant cover as well as diameter, mean and
maximum height of the dominant shrub species were also measured. It was found that shrub
cover increased as extensification increased resulting in a reduction of herbaceous cover.
Current year’s, old and total herbage biomass decreased as shrub cover increased, but the
same components of the woody and total (herbage and woody) biomass were increased. A
strong parabolic correlation between production and shrub cover was found. On the contrary,
the correlation between biomass of the two dominant woody species and their height and
diameter was not strong suggesting that further research is needed to find out non-destructive
methods of estimating biomass of woody species in Mediterranean rangelands.

Keywords: biomass, shrub cover, secondary succession, Mediterranean rangelands
Introduction

The majority of Mediterranean rangelands have been derived from natural forests after
removal of tree cover by human activities such as clearing, wildfires and overgrazing. If these
activities are altered or become less intensive then natural succession is initiated which leads
to the invasion of woody plants. In Greece, where the majority of grasslands are communally-
grazed successional plant communities, any reduction of human intervention leads to a series
of land use changes and eventually to woodlands (Papanastasis 2004). Such a development
results in species composition changes (Papadimitriou et al. 2004) as well as in reduction of
herbage and available forage production (Platis and Papanastasis 2003, Zarovali et al. 2004)
but it is not known how total forage production is affected. The aim of this study was to
investigate how shrub cover affects above-ground biomass and its components in
Mediterranean rangelands.

Materials and methods

The research was conducted in Lagadas county, northern Greece (40° 47° N, 23° 12° E), in
June 2005. The study area amounts to 575 ha and is located at an altitude of about 500m. a.s.l.
In a gradient of increased distance from a near by village reflecting a gradual extensification
of human activities, mainly involving farming, goat grazing and fuelwood collection, four
types of vegetation characterised by different amounts of shrub cover, namely an abandoned
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arable field for at least 10 years, a grassland, open and dense shrublands, were identified. In
each type, four 30 x 30 m plots (replications) were established. Herbage and woody biomass
were harvested at the end of the growing season. Measurements were done in 16 quadrats of 1
m? in size within each type. Herbaceous and woody species were cut at the ground level.
Maximum and mean heights and crown diameter at breast height of shrubs were also
measured. Finally, shrub and total plant cover was ocularly estimated. In the laboratory,
herbage and woody biomass was sorted out by hand into current year’s and old growth
components. All biomass was oven dried at 60° C for 48 h and weighed. Data were subjected
to analysis of variance; if significant, the Duncan’s multiple range test was applied.
Regression analysis was used to determine the best linear and quadratic models fitted between
production and shrub cover or allometric characters (maximum height, mean height and
crown diameter) of the dominant shrubs.

Results and discussion

Total plant cover (%) was found to be 80.25+19.23, 80.34+ 6.26, 76.09+14.24 and
82.42+17.31 respectively for abandoned field, grassland, open and dense shrublands,
indicating no substantial differences among the four types of vegetation. On the contrary,
shrub cover differed substantially with 0, 6.09+4.28, 36.41+5.29, 60.47+6.40 respectively for
the abandoned field, grassland, open and dense shrublands, suggesting four distinct shrub
cover types. It is obvious therefore that with increase in shrub cover there was a
corresponding reduction of herbaceous cover. Sibbald et al. (1991) reports that changes in
woody cover significantly affects the cover of herbaceous species.

Current year’s, old and total herbage biomass gradually decreased as shrub cover increased
(Table 1). More specifically, current year’s growth was significantly reduced from the
abandoned field to grassland (by 21%) as well as from the grassland to open shrubland (by
50%), while the reduction from the open to dense shrubland (by 42%) was not significant.
Old growth and total herbage biomass were significantly different only between the first two
and the last two shrub cover classes.

Table 1. Herbage biomass (g DM m™) in the four shrub cover classes.

Biomass class Shrub cover (%)

0 6 36 60
Current year’s 263.5a" 208.1b 103.4c 60.4c
Old 149.5ab 196.5a 101.1bc 38.6¢
Total 413.0a 404.6a 204.5b 99.0c

'Means within the same class followed by the same letter are not statistically different at the 0.05 level.

As expected, woody biomass was substantially increased as shrub cover increased in the last
three types that contained shrubs (Table 2). Specifically, current year’s growth significantly
increased from the grassland to the open shrubland (by 811%), while the increase from the
open to dense shrubland (by 24%) was not significant. Similar but more impressive increases
occurred in the other two woody biomass components (old and total). Total biomass (herbage
and woody) was dominated by the woody component in the last two shrub cover classes and
resulted in significant differences similar to the ones of the woody biomass alone (Table 3).
Specifically, current year’s growth significantly increased from the grassland to both
shrubland types, while the other two components (old and total) also significantly increased
from the open to dense shrubland.
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Table 2. Woody biomass (g DM m™) in the four shrub cover classes.

Biomass class Shrub cover (%)

6 36 60
Current year’s 76.3b* 694.8a 860.3a
Old 587.1c 2000.9b 7451.3a
Total 663.4 ¢ 2695.7b 8311.6a

'Means within the same class followed by the same letter are not statistically different at the 0.05 level.

Table 3. Total biomass (g DM m) in the four shrub cover classes.

Biomass class Shrub cover (%)

6 36 60
Current year’s 292.3b* 798.2a 920.8a
old 844.4c 2101.9b 7489.9a
Total 1136.7c 2900.1b 8410.6a

'Means within the same class followed by the same letter are not statistically different at the 0.05 level.

Table 4 shows the relation between herbage and woody biomass with shrub cover. It is clear
that although both linear and quadratic models produced strong correlations, the latter models
resulted in higher coefficients of determination than the former ones indicating that the
growth of herbage and woody biomass in relation to shrub cover is better expressed by a
parabola than by a line. This means that production capacity of extensified rangelands may be
reduced if shrub cover increases too much (Platis and Papanastasis, 2003).

Table 4. Relation between biomass parameters and shrub cover in the four shrub cover classes.

Biomass parameter(g DM m) Equation R®
Current year’s herbage (H.) He = '2'549}3* +2108 0.790°*
H. = 0.036X°-4.972X+228.2 0.818***
H; =-5.489X+426.4 0.816***
Total herbage (Hy) H, = 0.090X-11.48X+469.7 0,847
Current year’s woody (W) We= 13'85X-268'30 0.767>
W, = -0.396X“+39.70X-132.0 0.880**
W, =132.6X-661.4 0.828***

Total woody (Wy) W, = 1.650X+38.77X+2751  0.896%**
***: P<0.001, **:P<0.01 *X: shrub cover (%)

Table 5 shows the relation between current and total biomass of the shrubs Quercus coccifera
and Q. pubescens with easily measured allometric parameters such as maximum height, mean
height and crown diameter of the particular shrubs. It is clear the correlations produced for
linear and quadratic models are not strong although some coefficients of determination are
statistically significant. These results show that the allometric parameters used are not good
enough to predict biomass of shrubs and that further research is needed to find out a better
way of determining shrub biomass without having to employ costly destructive methods.
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Table 5. Relation between biomass and allometric parameters of the shrubs Quercus coccifera and Q. pubescens.

Species Biomass (Y) (g Height (H) or Equation R’
DM m) crown diameter
(D) (m)
Q. coccifera Current Hmax Y=303.2H.x + 125.0 0.106
Y=-55.85Hnay +580.0H 4y -165.9 0.111
Hmean Y=361.5Hean +311.2 0.088
Y=-159.7Hean 2+910.4H,mx-73.77 0.104
D Y=-1102D +973.9 0.006
Y=-26,007D%+7917.9D+606.8 0.030
Total Hinax Y=3129.9H 4 -3329.2 0.392%***
Y=734.5Hnax >-509.4H oy +495.6  0.421%**
Hmean Y=4309.3Hean -2352.3 0.431***
Y=992.3Hmean 2+899.1Hmean +39.98  0.453%**
D Y=-2303.7D+4854.3 0.001
Y=-377,204D %+128,518D-469.9  0.174
Q. pubescens Current Hmax Y=218.0H.x -70.73 0.138
Y=13.5 Hpnax>+89.71Hmax+200.6  0.139
Himean Y=433.4Hean -205.8 0.213*
Y=282.2Hmean 2-1036.7Hmean +1449.1 0.267
D Y=6306.4D+274.1 0.162
Y=-5576.6D%+7813.1D+192.0 0.163
Total Hinax Y=4479.7H . -12,047 0.222*
Y=676.6H 2.1909.8 Hmax ¥1470.2  0.231
Hinean Y=9221.4H6a1-15,704 0.367**
Y:7187.7Hmean2-28,228Hmean+26,456 0.499**
D Y=42,584D+5162.4 0.028

Y=-2E+06D?+509,012D-20,260  0.191

***: P<0.001, **: P<0.01, *: P<0.05

Conclusion

Increased shrub cover as a result of extensification of management activities in semi-arid
Mediterranean rangelands leads to increased woody biomass but decreased herbage yields.
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Sward structure of meadows under different cutting and mulching
managements

Gaisler J. and Pavlu V.

Crop Research Institute, Department of Plant Ecology and Weed Science, CZ-460 01 Liberec,
Czech Republic

Abstract

Sward structure and biomass accumulation were studied on an upland meadow in the Jizerské
Mountains in 2000-2006. Five methods of grassland management (unmanaged control, two
cuts of herbage biomass per year, mulched once, twice, or three times per year) were
established on a meadow dominated by Festuca rubra. Botanical composition was recorded
every year at the end of May. The total aboveground (yield, stubble, litter and/or mulch) and
belowground plant biomass was sampled every year in October. The number of plant species
was higher and legumes (mainly Trifolium repens) were spread in the meadows managed on
more than one occasion per year. The lowest total aboveground biomass was recorded in the
twice cut meadow whereas the highest aboveground biomass was in the unmanaged control
meadow. However, there was an opposite response for belowground biomass. Mulching two
times per growing season could be used as an alternative management practice for landscape
maintenance of upland grassland areas without agricultural utilization.

Keywords: grassland, botanical composition, biomass, cutting, mulching
Introduction

In the last decade of the 20™ century a reduction in the number of cattle graziers decreased the
importance of semi-natural grasslands for forage production in Europe. As a consequence
many of the grasslands in mountain and upland areas were abandoned. If left to run wild these
abandoned species-rich grasslands may change into species-poor degraded phases of tall
herbs or grasses that are able to compete effectively for light and nutrients (Laser 2002,
Pechackova and Krahulec 1995). In many cases, unmanaged extensive meadows and pastures
are invaded by shrubs and trees and are eventually altered into woodlands by natural
progression. Consequently the biodiversity is often reduced and some rare or protected plant
species disappear. The aim of our study was to reveal suitable alternative management
practices to traditional cutting in grassland areas without agricultural utilization.

Materials and methods

The study started in 1997 at an experimental area in the Jizerské hory Mountains, 420 m
above sea level, with an average annual temperature of 7.2°C, annual precipitation of 803 mm
and soil cambisol acid - pH 4.7. The following management treatments were applied to a
meadow dominated by Festuca rubra L.:

U: unmanaged control

2C:  two cuts of herbage biomass per year (June, August)

1M:  mulched once per year (July)

2M:  mulched twice per year (June, August)

3M:  mulched three times per year (May, July, September)
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Each treatment plot of 3.5 m x 10 m was replicated four times. Mulching was made by the
machine Uni maher UM 19, which crushes and breaks down plant biomass into an even layer
on the surface of the sward. The percentage cover of all plant species growing in the plots was
visually estimated. To reduce any edge effects of the plots a rectangular sampling area of 8.0
m X 2.5 m was estimated in the centre of each plot. Relevés recording was performed annually
in May before the first application of the management regimes. Nomenclature followed Kubét
et al. (2002). To study the plant biomass accumulation (in dry matter, DM) in the meadows
the aboveground and belowground biomass were sampled randomly at the end of the growing
season in 2000, 2002, 2004 and 2006. Aboveground plant biomass was estimated by cutting
and weighing herbage from four replicate areas of 0.1 m? in each plot, and was sampled in
two layers of 0-3 cm and >3 cm. Belowground plant biomass was estimated from four
replicate soil cores with a diameter of 5 cm taken in each plot.

Results and discussion

The number of plant species was higher in all of the meadows where cutting or mulching was
applied two or three times per year compared to the unmanaged and once mulched meadows
(Figure 1). The appropriate frequency of disturbance is one of the key factors for coexistence
of a high number of plant species as is generally known in a number of studies (e.g. Bakker
1989, Ryser et al. 1995, Santrucek et al. 2002).
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Figure 1. Number of plant species in meadows in the Jizerské hory Mountains in 2000, 2002, 2004 and 2006
either cut twice per year (2C), unmanaged (U), mulched once (1M), twice (2M) or three times (3M) per year.

Prostrate dicotyledonous species (Trifolium repens, Taraxacum spp., Plantago lanceolata and
Leontodon hispidus) were supported by the frequently managed treatments during the
experiment. The cover of legumes was represented mostly by Trifolium repens (Table 1) and
responded to the defoliation frequency in a similar manner to that reported by Pavlu et al.
(2006). The cover of legumes was about 20% in all frequently managed meadows.

Table 1. Cover of five functional groups (as percentages of the area sampled) in meadows in the Jizerské hory
Mountains in 2000, 2002, 2004 and 2006 either cut twice per year (2C), unmanaged (U), or mulched once (1M),
twice (2M) or three times (3M) per year.

Treatments 2C U 1M 2M 3M
Years 00 02 04 06 00 02 04 06 00 02 04 06 00 02 04 06 00 02 04 06
Shortgrasses 11 11 15 10 7 7 18 6 16 16 20 10 11 9 11 6 14 13 12 10
Tall grasses 36 29 26 32 50 41 37 48 40 45 35 44 39 35 35 42 33 28 23 27
Prostrate forbs 19 27 32 29 4 2 5 5 11 11 18 11 14 25 26 14 18 29 29 36
Tallforbs 4 2 3 3 12 10 14 16 5 4 5 8 5 6 6 7 7 4 4 5
Legumes 6 17 19 20 0 1 2 1 2 2 6 6 10 18 21 19 14 23 15 24
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In the unmanaged meadows the cover of tall forbs increased (mainly Anthriscus sylvestris,
Cirsium arvense, Tanacetum vulgare and Galium album) whereas white clover had virtually

disappeared (Figure 2).
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Figure 2. Cover of tall forbs and legumes (as percentages of the area sampled) in meadows in the Jizerské hory
Mountains in 2000, 2002, 2004 and 2006 either cut twice per year (2C), unmanaged (U), or mulched once (1M),
twice (2M) or three times (3M) per year.

The greatest aboveground plant biomass in the layer above 3 cm of 3-3.5 t DM ha* was found
in the unmanaged control meadow (Figure 3). It is possible that this layer of vegetative
herbage did not allow light sensitive plant species and seedlings to reach the upper canopy of
the meadow which intercepts most of the light. In all of the frequently managed meadows the
aboveground plant biomass above 3 cm was relatively low at 0.5-1.0 t DM ha™, whereas in
the once-mulched meadow it was greater at 1-1.5 t DM ha™.
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Figure 3. Harvested and stubble biomass (t of dry matter ha™) in meadows in the Jizerské hory Mountains in
2000, 2002, 2004 and 2006 either cut twice per year (2C), unmanaged (U), or mulched once (1M), twice (2M) or
three times (3M) per year. Standard errors of the mean are indicated by the vertical lines.

Similarly, Dierschke et al. (1991) reported that the greatest standing plant biomass was found
in abandoned crops and frequent cutting and mulching reduced standing plant biomass. Also,
Ryser et al. (1995) showed that the biomass of a standing crop and litter increased with
decreasing frequency of cutting. In the present study the lowest belowground plant biomass
was found in the unmanaged meadow, but due to high variation between samples the
differences between treatments were not significant (Figure 4). A significantly higher
proportion of dead material (plant litter or mulched material) was found in the unmanaged
control meadow and in the once-mulched meadow. Frequent defoliation substantially reduced
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the quantity of harvested biomass (Figure 3) and increased the rate of decomposition of the
mulched material which was possibly due to the abundance of young rich nitrogenous plant
tissue which can be rapidly degraded (Figure 4).
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Figure 4. Belowground plant biomass and plant litter including mulched biomass (t of dry matter ha™) in
meadows in the Jizerské hory Mountains (abbreviations see Figure 3).

Conclusions

To prevent ingress of weeds and a decrease of species diversity alternative management
strategies should be practiced in areas without management of grasslands for forage
production. The results of this study showed that mulching two times per growing season
could be sufficient for landscape maintenance in upland grassland areas without agricultural
utilization.

Acknowledgements
This work was supported by the MACR 0002700601.

References

Bakker J.P. (1989) Nature Management by Grazing and Cutting. Kluwer Academic Publishers, Geobotany 14.
Dordrecht, The Nederlands, 173-184.

Dierschke H., Engels M., Esser G. and Overdieck D. (ed.) (1991) Response of a Bromus erectus grassland
(Mesobromion) to abandonment and different cutting regimes. Modern Ecology: Basic and Applied Aspects.
Amsterdam, The Nederlands, 375-397.

Kubat K., Hrouda L., Chrtek J. jun., Kaplan Z., Kirschner J. and Stepanek J. (eds.) (2002) Key to the flora of the
Czech Republic. Academia, Praha, 928 pp.

Laser H. (2002) Long-term and short-term effects of undisturbed plant succession, mulching, and meadow
utilisation on the botanical diversity in a moist Arrhenatherion elatioris. Grassland science in Europe. 7, 806-
807.

Pavli V., Hejcman M., Pavla L., Gaisler J., NeZerkova P. and Meneses L (2006) Changes in plant densities in a
mesic species-rich grassland after imposing different grazing management. Grass Forage Sci. 61, 42-51.
Pechackova S. and Krahulec F. (1995) Efficient Nitrogen Economy: Key to the Success of Polygonum bistorta
in an Abandoned Mountain Meadow. Folia Geobot. Phytotax. 30, 211-222.

Ryser P., Langenauer R. and Gigon A. (1995) Species richness and vegetation structure in a limestone grassland
after 15 years management with six biomass removal regimes. Folia Geobot. Phytotax. 30, 157-167.

Santrucek J., Svobodova M. and Brant V. (2002) Changes of botanical composition of grass stands under
different types of management. Rostl. Vyr. 48, 499-504.

Permanent and temporary grassland: plant, environment and economy 129



Stability of perennial grasses in sown swards on the ameliorated lands
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Abstract

The aim of our investigation was to select grass species adapted to reclaimed peat and mineral
soils. The study was carried out in South Karelia during 16 years. Successions of
monospecific stands of the following grasses were observed: Festuca pratensis Huds.,
Phleum pratense L., Dactylis glomerata L., Alopecurus pratensis L., Phalaroides arundinacea
(L.) Rausch represented by foreign and local varieties as well as seeds of 30 wild populations.
The stands were fertilized with NPK and cut two times per year. With systematic fertilizer
application, sown varieties of perennial grasses can be the basis of the grass stand for the 15
years studied. During this period, the monospecific stands of the species studied became
multispecific ones with a distinct floristic composition, which depended on the characteristics
of the ecotope, the intensity of abiotic and biotic factors, and the ecological and biological
characteristics of the species.

Keywords: stability, biodiversity, soil
Introduction

The creation of long-term meadow communities is one of the ways for rational use of natural
resources. The main problem is to increase the stability of the meadow grasses in the
prevailing soil and climatic conditions. It is well known that the use of local plant species
growing in the regional flora provides success in the recultivation of disturbed lands.

Meadow communities undergo continuous changes (Shennikov, 1964; Rabotnov, 1974;
Lopatin, 1988), and control of succession is the main problem in creating the optimum grass
mixture. This can be done by the use of fertilizers and by grassland management and usage,
but such an approach is at risk of being ineffective if the sown grasses are not well adapted to
the conditions. In such circumstances, they are quickly replaced by the representatives of the
local flora regardless of the fertilizer regime.

Materials and methods

The aim of our studies was to compare grass species established as pure stands on ameliorated
peat and mineral soils. Two experiments were carried out in South Karelia at the research
stations of the Institute of Biology, Karelian RC RAS. The first experiment was set up on
mineral soil and carried out for a period of 6 years (1987 — 1992). The second experiment was
carried out on peat soil for over 16 years. Pure stands of the following grasses were
compared: Festuca pratensis Huds., Phleum pratense L., Dactylis glomerata L., Alopecurus
pratensis L., Phalaroides arundinacea (L.) Rausch. These grasses were represented both by
local and foreign varieties as well as by thirty wild populations. The initial seed material of
the wild gramineous populations was gathered on the meadows of the islands of Onega and
Ladoga Lakes. The stands were cut two times per year. Mineral fertilizers were applied at the
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following rates: 90 kg N, 60 kg P,Os and 60 kg K,O ha™ (mineral soil) or 90 kg N, 60 kg
P,0s and 90 kg K,0 ha™ (peat soil).

Results and discussion

Sown species

The behaviour of F. pratensis differs from that of P. pretense (Figure 1). Its mass abundance
exceeded 60% until the sixth year and 30% until the ninth year. Then, competitiveness of F.
pratensis falls abruptly, and its participation in the stand decreased to only 7.3% after 12
years. However, the competitive potential of P. pratense weakens from the 12" years when its
participation in the grass stand decreases abruptly. The same pattern was observed in stands
with the foreign varieties. It is necessary to note high aggressiveness of E. repens (L.) Nevski
in the F. pratensis stands, which increased to 75.5% by the 15" years following some certain
years, A. pratensis and D. glomerata appeared after some years, but they played no significant
role in the phytocenosis. Some prostrate grasses, such as Poa pratensis L., Festuca rubra L.,
Agrostis gigantea Roth, and Agrostis canina L., became stable sward component. Taraxacum
officinale Wiggs L. composed the main portion of the herbage.

D. glomerata, an erect grass has high vigour and was successful in competing with wild
grasses during the first years after sowing. When fully fertilized, the content of D. glomerata
remained rather high until the ninth year. However with the drained peat soils the introduction
of D. glomerata into the foreign sowing is very slow. Thus, D. glomerata remained below
10% in P. pratense and F. pratensis stands. The content of D. glomerata was not stable.
Nevertheless, D. glomerata maintained a significant presence (12.8 — 36.9%) in its own
stands up to the 15" year (Fig. 1). This demonstrates high competitiveness of D. glomerata.
With the increase in age of the D. glomerata sward, some of the species that developed in
other treatments became established, but none of them had any stable position in the cenosis.
E. repens abundance was rather high from the 9" year. T. officinale was more suppressed here
than in the stands of P. pratense and F. pratensis. T. officinale spread out only during periods
that were unfavourable for D. glomerata.

The investigation carried out on mineral oils, proved that humid weather conditions are
favorable for the development of hydrophilic grasses such as A. pratensis v. Silver and P.
arundinacea v. Pervenets (Fig. 2). These species comprised 66% and 54%, respectively,
during the second year of the life of the swards in which they were sown. Low content of the
sown species in D. glomerata v. Neva (30%) and F. pratensis v. Suidinskaya (35%) stands is
explained by the unfavorable conditions for the winter survival. The winter season 1987-1988
had a considerable number of thaws which are seen as a casual factor in root decomposition
and plant asphyxiation. The latter is responsible for the loss of D. glomerata and F. pratensis
during winter (Raininco, 1968).

The behaviour of the wild populations of grasses differs from that of the varieties during the
first years. Their abundance in the stands was determined by the rate of germination and early
growth. Considering A. pratensis and F. pratensis, species with rapidly germinating seeds, the
content of sown species is much higher (49.0 and 45.6%) than in D. glomerata (11.8%) and
P. arundinacea (18.3%) which have seeds with slow germination.

Extraordinary behaviour of F. pratensis populations proves that they are more adapted to the
local environment than the varieties v. Suidinskaya from a foreign region. Slow growth in the
first years of life was a decisive factor which determined the abundance of the sown grass in
the stands. Therefore, at the early stage of stand development, the contribution of the species
sown is conditioned by the rate of the seeds’ germination and early growth, as influenced by
the environmental conditions, particularly water, air and feeding regimes.
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Further, the behaviour of the grass stands follows a parabolic trend. First, content of the sown
species increased, reaching maximum levels by the third year of the life for F. pratensis and
the third or fourth year for D. glomerata. Then, the content of the sown grasses decreased,
with the rate of decrease being more rapid for F. pratensis than for D. glomerata. A. pratensis
showed gradual increase in its abundance, reaching maximum levels by the 5" year, although
with some decrease during the period characterized by precipitation deficiency. By the 6™
year there were large differences between the sown species in their contribution to the stands,
with the content being highest for A. pratensis (60.8%), intermediate for D. glomerata
(39.0%) and P. arundinacea (44.0%) and low for F. pratensis (12.1%).

Forbs

During the first phases of stand development, active introduction of forbs which mainly
consist of annual weeds and perennial wild grasses took place. Compared to the cultivated
plants, the wild and weed plants are less vulnerable to the soil and climatic conditions. During
the second year of life, the presence of forbs plants increased to maximal. At that stage, forbs
participation correlates with the extent of early growth and tillering. The content of forbs was
much lower with A. pratensis and F. pratensis, the species characterized by rapid
development (29.8% - 32.7%) than that of the species whose seeds germinate slowly (D.
glomerata and P. arundinacea, 58.5 — 62.4% as shown in Fig. 2). As the stands aged, the
perennial grasses replaced the forbs.

During sward development, grasses both sown and unsown replace the forbs. Sown and
unsown species are more competitive. The presence of unsown grasses was observed only
from the third year and reached 21.2% — 25.8%. The dynamics of the grasses of this group
varied. The increase was gradual for P. arundinacea and rapid for F. pratensis, whilst the
content of unsown grasses fluctuated in D. glomerata and A. pratensis.

Unsown grasses

It should be noted that unsown species developed with all treatments. In general, during the
years of the observations, 11 unsown grasses were present. E. repens and Poa trivialis L. were
constantly present in all of the stands. The rate of E. repens increased considerably by the 6"
year. The only exception was A. pratensis. E. repens became co-dominant in the stands of
D. glomerata (36.6%) and P. arundinaceae (40.0%) and dominant in the stands of F.
pratensis (52.5%). The abundance of P. trivialis decreased in the course of time. The
participation of the other unsown grasses not sown was not high during the years of
observation (less than 10%). Some increase in their amount occurred as the swards aged.
Thus, by the second year of the life, their amount in the stands fluctuated from 3% (A.
pratensis) to 6% (F. pratensis) whilst their amount fluctuated from 5% (A. pratensis) to 9%
(F. pratensis) by the 6" year.

Conclusion

During development, the monospecific stands of the species studied became multispecific
ones characterized by distinct floristic composition. The floristic composition could be related
to the characteristics of the ecotopes sown with abiotic and biotic factors, together with
ecological and biological characteristics of the species determining the development and
composition of the stands. The stability of the loose-bunch grasses (Festuca pratensis and
Phleum pratense) both in monospecific stands and grass mixtures depends primarily on the
conditions of weather, particularly as it affects winter survival. These grasses are likely to
dominate the grass stand during a 5-8 year period. Dactylis glomerata is likely to be a co-
dominant in the swards for a 10-15 year period. For the period of 9-15 years, the presence of
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Alopecurus pratensis on peat soils remains low (3.4 — 30%), but reasonably stable. With
mineral soils, this species was dominant during the 6 years of observation. Stability of the
rhizomatous grasses is much higher than that of the loose-bunch ones. Rhizomatous grasses
become dominant in sowings from the third year and maintain this situation up to 16 years.
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Weed suppressive capacity of some perennial herbaceous mixtures — a
possibility for nonchemical control of Canada thistle (Cirsium arvense L.)

Dimitrova Ts. and Serafimov P.
Institute of Forage Crops, 5800 Pleven, Bulgaria
Abstract

The objective of the study was to investigate the weed suppressive capacity of some perennial
herbaceous species to reduce the degree of infestation with Canada thistle (Cirsium arvense
L.) as a possibility for nonchemical control. A four-year study (2001 - 2004) was carried out
under field nonirrigated conditions on slightly leached chernozem with the following variants:
V: — lucerne (Medicago sativa L.); V, — lucerne + cocksfoot (Dactylis glomerata L.); V3 —
lucerne + tall fescue (Festuca arundinacea Schreb.); V4 — lucerne + smooth bromegrass
(Bromus inermis L.); Vs — lucerne + wheatgrass (Agropyron desertorum Fisch Schult.).

In this study the perennial herbaceous mixtures (lucerne + cocksfoot; lucerne+smooth
bromegrass; lucerne + wheatgrass) grown as a wedge in crop rotation had a high weed
suppressive capacity and contributed to reduce the infestation with Cirsium arvense L.The
phytosanitary role of the perennial herbaceous mixtures have a considerable share in the
strategies of controlling Cirsium arvense L. in an ecological aspect, meeting the requirements
of contemporary systems of organic farming.

Keywords: Canada thistle (Cirsium arvense L.), lucerne (Medicago sativa L.), perennial
grasses, mixed stands, nonchemical control

Introduction

Heavy infestation with Canada thistle (Cirsium arvense L.) becomes an increasing problem in
the European countries. This perennial, root-shoot weed is on the list of the economically
important pests of agricultural crops in Bulgaria characterized by large-scale spread and as a
reservoir of bacteria and viruses. The high regenerative capacity of underground rhizomes and
seed productivity are directly related to the high invasive capacity of the weed. Additionally, a
high presence of labile carbohydrates in the roots enables the plant to regenerate from buds on
root fragments as short as 10 mm (Hamdoun, 1972). According to studies of McAllister and
Haderlie (1985) the amount of labile carbohydrates in the roots of Cirsium arvense L. varies
throughout the season. In experiments undertaken under controlled conditions by Gustavsson
(1997) the minimum dry weight of underground regenerative organs - the time when the plant
is assumed to be most susceptible to removal of aboveground plant tissues- occurs when the
aerial shoots have about 8 - 10 expanded leaves. Hence, control events aiming at weakening
the regenerative capacity is expected to be most effective at this stage of the weed. However,
according to the studies of Bourdot et al. (1998), late season mowing reduced the over-
wintering root biomass more than early or mid-season mowing. In spite of established
possibilities for chemical control of this weed (Veljkovic et al., 2005) the contemporary
systems of organic farming require studies on environmentally friendly approaches. Within
this scope, Graglia et al. (2006) studied the effect of repeated, but practical regimes of
cultivation and mowing against Cirsium arvense L. and also the influence of a competitive
crop (red clover) to suppress the regrowth of weed shoots.

According to Dimitrova and Tomov (1993), perennial grasses, after the first year of their
growing, possess high competitive capacity with regard to weeds. The mixed stands of
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perennial legumes and grasses use abiotic environmental factors more efficiently and are
characterized by a lower degree of weed infestation (Vasilev, 2004, Dimitrova, 2005). The
competitive interrelations among species in herbaceous associations in which the weed
vegetation is also included, have not been sufficiently studied yet (Stancheva, 2000). The
objective of the study was to determine the weed suppressive capacity of some perennial
herbaceous species in order to reduce the degree of infestation with Canada thistle (Cirsium
arvense L.) as a possibility for nonchemical control.

Material and methods

The study was carried out during the period 2001 - 2004 in the experimental field of the
Institute of Forage Crops, Pleven on slightly leached chernozem. The trial was conducted
under nonirrigated conditions, by the long plot method, with a harvest plot size of 5m x 2 m
and with the following treatments: V1 — lucerne (Medicago sativa L.); V, — lucerne+cocksfoot
(Dactylis glomerata L.); V3 — lucerne + tall fescue (Festuca arundinacea Schreb.); V4 —
lucerne + smooth bromegrass (Bromus inermis L.); Vs — lucerne + wheatgrass (Agropyron
desertorum Fisch Schult.). The sowing was conducted in spring with the following varieties
and sowing rates: lucerne Pleven 6 — 20 kg ha™ for pure stand; cockskfoot Dabrava — 12 kg
ha*; tall fescue Albena — 14 kg ha™; smooth bromegrass Nika — 18 kg ha; wheatgrass — local
population — 11 kg ha™*. The component ratio was 1:1 in the mixed stands. The pure lucerne
stand was mown at the early flowering stage. In the first year the mixed stands were mown at
the same stage, but in the following years the first cut was taken at early heading of the grass
component and the following cuts at lucerne budding. The swards were mown as follows: 2
cuts in 2001 (June and August); 4 cuts in 2002 (May, June, July and August); 3 cuts in 2003
(May, June and August) and 3 cuts in 2004 (May, June and July). Immediately before every
cut a botanical analysis was performed with recording of Cirsium arvense L. infestation
degree in permanent sampling plots (1m™) by the quantity-weight method and determination
of dry biomass productivity of the swards. The results were processed statistically by the
method of variance analysis.

Results and discussion
It is evident from the analysis of weed infestation degree by years (Table 1) that it was highest
in the year of stand establishment, varying from 12 to 15 stems/m™ for the different

treatments.

Table 1. Effect of some perennial herbaceous mixtures on the degree of infestation with Cirsium arvense L.
(stems/m™)

Reduced
2001 2002 2003 2004 stems
Treatments compared to
stems/m?  stems/m?  stems/m?  stems/m?  1%year,%
V;-Medicago sativa 15 10 7 5 67
V,-M.sativa + Dactylis glomerata 12 8 5 2 83
V;-M.sativa + Festuca arundinacea 14 11 10 8 43
V,-M.sativa + Bromus inermis 14 10 7 3 79
Vs-M.sativa + Agropyron desertorum 13 10 6 3 77
GD 5% 5.47 4.23 4.46 3.37
GD 1% 7.96 6.16 6.48 4.90
GD 0.1% 11.96 9.25 9.74 7.36

This was due to the slow rate of growth and development of the components in the swards
and hence the slight effect on the weed. During the next three years there was a suppressive
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effect of the swards negatively reflecting on the number of formed shoots of Cirsium arvense
L. In the fourth year their density considerably decreased within the range of 3 to 8/m™. This
was due to the biological and morphological characteristics of the components — early and
quick rate of growth, good leafiness, herbage length, high tillering capacity and multiple cuts.
The weed stem reduction in late experimental period was different from the first year and
varied within the range of 67% (for the pure lucerne stand - V) to 83% (for the mixed stand
of lucerne + cocksfoot — V5). This was mainly due to the density of formed swards, which
depended on both component intertolerance and their aggressiveness. Among the studied
grasses cocksfoot had the greatest aggressiveness followed by smooth bromegrass and
wheatgrass (Dimitrova, 2005). The lowest degree of Cirsium arvense L. stem reduction (43%)
was observed in the mixture of lucerne+tall fescue due to the biological incompatibility
between the two species. Lucerne strongly suppressed tall fescue, so its participation in the
sward was insignificant and the empty spaces favoured weed development. The great
aggressiveness of lucerne could be explained by its capacity to release a great quantity of
inhibiting substances (Grant and Sallans, 1964). On the other hand, according to Gibson and
Newman (2001) tall fescue has low competitive capacity due to the fact that it requires higher
average diurnal temperatures for active growth in early and late vegetation. The data on the
effect of perennial herbaceous mixtures on the formation of aboveground fresh biomass by
Cirsium arvense L. (Table 2) followed the same relation as the number of stems.

Table 2. Effect of some perennial herbaceous mixtures on the formation of aboveground fresh biomass by
Cirsium arvense L. (gram/m?)

Reduced
2001 2002 2003 2004 fresh biomass
Variants compared to
gm? gm? gm? gm? 1% year,%
V:-Medicago sativa 1113 455 288 205 82
V,-M.sativa + Dactylis glomerata 967 105 58 36 96
V;-M.sativa + Festuca arundinacea 1057 502 320 166 84
V,-M.sativa + Bromus inermis 1118 131 90 51 96
Vs-M.sativa + Agropyron desertorum 1090 143 94 58 95
GD 5% 3262 142 89 49
GD 1% 4746 207 129 71
GD 0.1% 7132 311 194 106

My opinion: In this table figures after the comma are unimportant in comparison with the
variation between treatments and within replicates: | suggest no figures after the comma. In
the year of sward establishment, when they had a low competitive capacity, there was no
mathematical significance of the differences with regard to the weight of aboveground fresh
biomass of the weed. In the next years the competition between the cultivated components
and the weed with regard to the important vital factors (nutrients, light, and living space) and
the more frequent cuts (3 - 4 per growing season) resulted in a reduction of the aboveground
shoot weight. The differences in shoot weight among the different variants of the mixed
stands of lucerne with cocksfoot, smooth bromegrass and wheatgrass were important
compared to the pure lucerne stand. In the fourth year the reduction of aboveground weed
biomass in these variants was 95 to 96%, whereas in the pure stand and the mixture of
lucerne+tall fescue these values were between 82 to 84%. This fact, as in the previous case,
could be explained by the biological and morphological characteristics of components and
their interrelations in the sward. Based on the results from this study one might assume that
the strategy for establishment and growing of lucerne in mixed stands with some perennial
grasses as a separate wedge in the crop rotation provides a possibility for non-chemical
control of Cirsium arvense L. The effect of the application of this strategy is many-sided and
finds expression in the great reduction of weed shoot number and biomass, as well as in the
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strong suppression of the weed in the lowest sward layer by which it does not reach the seed
formation stage.

Table 3. Dry biomass productivity of lucerne in pure and mixed stands with perennial grasses, kg ha™

Variants 2001 2002 2003 2004 average 2001-
2004
kgha'! kgha® kgha® kgha' kgha! %
V/;-Medicago sativa 2560 12010 8300 10260 8282 100
V,-M.sativa + Dactylis glomerata 1950 12400 12800 13100 10062 121
V;-M.sativa + Festuca arundinacea 1020 10320 10080 11120 8135 98
V,-M.sativa + Bromus inermis 1250 11710 12100 12700 9440 114
V:-M.sativa + Agropyron desertorum 1430 11030 10420 11900 8695 105
GD 5% 208 892 638 2849 1731
GD 1% 303 1295 9291396 4145 2427
GD 0.1% 456 1950 6229 3430

This is a limiting factor of its multiplication. Besides their phytosanitary role, the mixed
stands of lucerne with cocksfoot, smooth bromegrass and wheatgrass also have higher
productivity of dry biomass, as compared to the pure stands (Table 3). On average for the
four-year period of study under the real conditions of the trial, DM yield was 5 to 21% higher
with lucerne+cocksfoot as the best combination.

Conclusions

The perennial herbaceous mixtures of lucerne with some grasses (cocksfoot, smooth
bromegrass and wheatgrass) grown as a wedge in crop rotation have a high weed suppressive
capacity and contribute to the reduction of the infestation with Cirsium arvense L.
Phytosanitary role of the perennial herbaceous mixtures has a share in the strategies of
controlling Cirsium arvense L. in an ecological aspect meeting the requirements of the
contemporary systems of organic farming.
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Control of broad-leaved dock on organic grassland farms

Poetsch E.M. and Griesebner C.

Agricultural Research and Education Center for Agriculture, Raumberg-Gumpenstein, 8952
Irdning, Austria

Abstract

Investigations are reported on different aspects of broad-leaved dock control, which is still the
main weed on Austrian grassland. In view of the large number of organic and integrated
farms, which are not allowed to use herbicides, the main focus was given on mechanical dock
control. The Mini-WUZI, an Austrian innovation, was tested for performance characteristics
and for efficiency. It was shown, that there is only a minor risk of regeneration from treated
dock roots and root parts. Compared with manual methods, this promising motorised system
indicates a high efficiency with the ability to remove up to 400 dock plants h™.

Keywords: dock control, vegetative regeneration, forage quality, organic farming
Introduction

Broad-leaved dock is still the main weed problem on European grassland. Measures for
biological, mechanical and chemical weed control are used to regulate and fight against this
very resistant herb, which has an inferior feed value with low digestibility and low energy
concentration (Bohner, 2001). Organic and integrated farms, which take part in the Austrian
programme for an environmentally friendly agriculture, are not allowed to use herbicides.
These farms have therefore an increasing interest in preventive measures and in new and
reliable treatments to reduce or to destroy broad-leaved dock (Poetsch, 2002; Poetsch, 2003).
Some innovative technical solutions like the so called Mini-WUZI, a motorised milling cutter
system, have been developed during recent years to increase the efficiency of mechanical
dock control (Poetsch, 2004). In the meantime the Mini-WUZI is produced commercially on a
small scale and available via a number of machinery rings in Austria.

Materials and methods

In order to detect and to evaluate the dock contamination on a farm level, a simple pictorial
scheme was developed and tested in practice (Figure 1). Each pasture and meadow of an
organic test farm with a size of about 30 ha was assigned to the categories no docks, low,
medium and high proportion of docks. The field recordings were then digitised and
transformed into real area values by using GIS. A farm map, illustrating the different levels of
the dock problem was created both to raise the farmer’s awareness by identifying and pointing
out the “hot dock spots” and to provide a basic tool for further control measures.
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Figure 1: Simple pictorial scheme for different dock proportions

Special investigations have been carried out at HBLFA Raumberg-Gumpenstein to get
detailed information about the performance characteristics and efficiency of the promising
Mini-WUZI method (Figure 2). Attention was given to the possible risk from the vegetative
regeneration of dock roots and root parts after the mechanical treatment. Residual parts of
dock roots from the treated fields and roots, sliced to pieces with length from 0.5 to 5.0 cm,
were collected and cultivated in boxes. After a period of four weeks the regeneration capacity
of the dock roots and root parts was recorded and analysed.
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mechanism _ /
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Figure 2: Schematic design of the Mini-WUZI, a motorised milling cutter system for mechanical dock control
Results and discussion

About 18% of the total test farm area, which amounted to about 30 ha, was identified as
affected by broad-leaved dock plants at different proportions. The visualised distribution
clearly showed that there was a stronger concentration of docks on pastures and meadows
near the farm and barn area as well as on fields which are frequently used for grazing (Figure
3, left part). All grassland areas far from the farm centre and therefore rarely used as pastures
and mostly fertilized at a lower intensity showed significantly lower proportions of docks
(Figure 3, right part). In combination with the specific management history of the farm, the
visualization and quantification of the dock problem provide the farmers with basic
information about the reasons for the appearance and spread of docks (overgrazing, sward
damage, excessive nutrient supply, storage of solid manure etc.) and it allows them to prepare
an adapted plan for dock control with different measures.
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Figure 3: Proportion of broad-leaved dock on pastures and meadows of an organic test farm in Austria (30.4 ha)

For organic farms such a plan should include both preventive measures to avoid the spreading
of docks within the farm and different biological and mechanical treatments. The activity of
dock leaf beetles (Gastrophysa viridula) depends on many factors and can not be seen as a
reliable and sustainable method to regulate docks (Hahn and Kromp, 2001). Therefore organic
farmers concentrate on mechanical methods to dig out or to finely chop dock plants, after
ploughing up grassland. These approaches are limited by the site conditions (steepness and
shallow soil) and specific regulations in the Austrain environmental programme for
agriculture.

Up to now special forks were mainly used to dig out dock plants by hand. This is both hard
work and a time-consuming activity. In 1996 a very innovative Austrian organic farmer
constructed a motorised dock extractor named Ampfer-WUZI. Some studies indicated the
high capacity and efficiency of this prototype, which unfortunately has never reached the
stage of a commercial production. In the meantime the so called Mini-WUZI has been
developed and seems to be a promising and reliable method for the mechanical dock control.
Some important technical characteristics of both machines are presented in Table 1. The high
dock performance with up to 400 plants h™ makes it possible to treat even larger fields with
higher proportion of dock. The prize for the Mini-WUZI is at € 7,000,- but it is also available
via a number of machinery rings at costs of € 15,- per hour of operation.

Table 1: Basic technical characteristics of the Ampfer-WUZI and Mini-WUZI system

Ampfer-WuZzI Mini-WwuZzI
engine output 29.4 kW 9.6 kW
total weight 3,700 kg 70 kg
milling head rotation app. 1,000 min™ app. 1,800 min™
diameter of the milling hole 20cm 20 cm
depth of the milling hole 15cm 15cm
dock performance up to 600 dock plants h™ up to 400 dock plants h™
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It is well known that besides their enormous seed productivity, docks are also able to regrow
via regeneration buds on their strong root system (Kutschera und Sobotik, 1992; Poetsch and
Krautzer, 2002). Farmers worry about this risk of regrowth, which can be noticed after
ploughing and cultivation and may also occur after mechanical measures of dock control. Our
study showed, that about 4% of the 300 cultivated roots/root parts regenerated again to
produce viable dock plants. This regeneration activity was observed for all the tested root
lenghts, with the exception of the 0.5 cm root slices. The milling size of the dock roots
should therefore be as small as possible to avoid a stronger dock spreading after a mechanical
control treatment.

The results also indicated that the regeneration of dock roots only appeared at the upper part
of the root system from 0 to about 12 cm. This confirms the practical recommodation which
advises to remove or to destroy at least the first 12 to 15 cm of the dock root system. This
basic requirement can be fulfilled by the Mini-WUZI-technique if the soil is deep enough and
not too stony.

Conclusions

The visualisation of the appearance and distribution of broad-leaved dock on a farm level can
be an important tool to raise the farmer’s awareness and to set up a plan for future control
measures and treatments. The proposed pictorial scheme is a simple and realisable instrument
to rapidly record the status quo of the dock problem.

Special investigations have been carried out to get detailed information about performance
characteristics and efficiency of the so called Mini-WUZI, which seems to be a practical and
efficient method for the mechanical control of docks. This Austrian innovation shows an
impressive performance and is now available via a number of local machinery rings. The tests
indicated that the degree of milling of the treated dock plants and dock roots is sufficient to
avoid strong regeneration, a factor of major concern for farmers. The treated patches should
be reseeded to close the sward gaps and to compete against other weeds.
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Abstract

As organic matter content of Flemish grasslands continues to decrease and as grassland
organic matter contains a relatively low content of humic acids compared to organic matter of
arable land, pot and field experiments were set up to investigate the effect of the addition of
external humic acids preparates on the yield and nutrient uptake efficiency of grass.
Therefore, concentrated solutions of humic and fulvic acids were either applied in
combination with mineral fertilizers or were directly incorporated into the mineral fertilizers.
In general, addition of humic substances in combination with mineral fertilizers resulted in a
positive effect on the first cut mostly with repercussions on the yield of following grass cuts.
The grass quality was hardly affected by the application of humic substances whereas nutrient
uptake often increased with humic acid application.

Key words: humic acids, organic matter, fertilization, grassland production, grass quality
Introduction

In Flanders, the organic matter content in more than 30% of the permanent grasslands is lower
than the optimal value defined by the Soil Service of Belgium (Vandenauweele et al., 2004).
The organic matter status of a soil can be improved by the application of external sources of
organic matter (manure, slurry, compost, ...) but due to Flemish legislation restrictions, the
use of large amounts of these products is impossible because of their relatively high total
nitrogen and phosphorous content. A lot of the beneficial characteristics of organic matter are
associated with humic substances (i.e. humic and fulvic acids), which are formed during the
humification process of organic material. Therefore, the application of biologically stable
humic substances, extracted from natural organic sources can provide many of the advantages
of conventional organic matter sources, without the problems of excessive nutrient supply as
described above (Burns et al., 1986). The purpose of this work was to determine the potential
of humic substances (including both humic and fulvic acids) to affect yield, grass quality and
nutrient uptake of Italian Raygrass under flemish fertilization regimes.

Materials and methods

One pot experiment and two field experiments were conducted to study the effect of humic
substances on grass yield and nutrient uptake. In all cases, a pure and stable commercial
preparate named Humifirst was used, containing 12% humic acids and 3% fulvic acids
extracted from leonardite. Humifirst was either applied as a liquid solution (50 I/ha) or either
incorporated in mineral fertilizers (1,5 to 3,5% of Humifirst).

Pot experiment: A pot experiment with Italian Raygrass (cv. Meroa) was carried out in the
growth chamber (22°C/ 14°C day/night temperature) to study the effect of liquid and
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incorporated Humifirst on the yield and nutrient uptake of grass. Pots were filled with 1 kg of
a sandy loamy soil from Bottelare (pH-KCI =5,4, 0,8 % C, 700 ppm N, 331 ppm P, 202 ppm
K, 141 ppm Mg, 3,31 meq/100g CEC). Mineral fertilization corresponding with 400 kg/ha
14-14-14 NPK with or without incorporated Humifirst was mixed into the upper soil layer
before sowing. After sowing of the grass, the soil was wetted with water or a Humifirst
solution and the pots were placed in the growth chamber. The three treatments (1: mineral
fertilization without Humifirst, 2: mineral fertilization with 50 I/ha Humifirst liquid, 3:
mineral fertilization with 1,5% Humifirst) were replicated four times. A dose of 50 I/ha
Humifirst liquid corresponds with 8,25 kg/ha humic substances, while 400 kg/ha 14-14-14
with 1,5% Humifirst corresponds with 4,1 kg/ha humic substances. Three grass cuts were
performed during the experiment and the fresh grass weight was measured. Grass samples
were dried at 70°C for 24 h, weighed and ground for chemical analysis (N, P, K, Mg, Na, Ca,
S, B, Mn, Zn, Cu).

Field experiments: Two field trials were carried out in 2006 to evaluate the results of the pot
experiment under field conditions. The experiments were carried out on permanent grassland,
one located in Bottelare near Ghent and one in Hoogstraten in the north of Belgium (30 km
northeast of Antwerp). Fertilization was performed according to fertilization
recommendations of the Soil Service of Belgium based on chemical soil analysis. Three
treatments were installed on the field trial in Bottelare in a randomized block design with four
replications: mineral fertilization, mineral fertilization plus foliar application of 50 I/ha
Humifirst liquid (corresponding with 8,6 kg/ha humic substances), mineral fertilization with
incorporated Humifirst at 3,5% (corresponding with 14,9 kg/ha humic substances). In the
field trial at Hoogstraten, mineral fertilization as well as slurry were included in the
experiment and following five treatments were installed in a randomized block design with
four replications: mineral fertilization, mineral fertilization with incorporated Humifirst at
3,5% (corresponding with 5,6 kg/ha humic substances), slurry + mineral fertilization, slurry +
mineral fertilization with incorporated Humifirst at 3,5%, slurry mixed with 50 I/ha Humifirst
+ mineral fertilization. The amount of grass cuts in the field trials depended on the weather
and grass conditions on each field (2 grass cuts in Bottelare, 4 grass cuts in Hoogstraten).
Fresh yield of each plot was determined by cutting a subplot of 13 m2 and one grass sample
per plot was taken to measure dry matter content and mineral composition. For a selection of
treatments on the field trial in Bottelare, grass quality was measured as well.

The statistical package SAS (SAS Institute Inc. 1985) was used for analysis of variance on all
data sets of the pot and field trials to determine significance of the treatment effects. A Tukey-
test was then used to compare treatment means at the 0,05 probability level.

Results and discussion

In general, humic acids (in combination with mineral fertilizers) generated the same effect on
grass yield throughout the different pot and field experiments, irrespective of the use of liquid
or incorporated humic acids. Application of humic acids before the first cut resulted in a clear
response at the first cut and a regression in the second and third cut (Table 1). Special
attention has to be made to the specific weather conditions of the summer of 2006: a very dry
period in July was followed by a wet period in August. Grass cuts after the dry period in July,
for ex. the fourth grass cut in Hoogstraten, clearly took advantage of the application of humic
acids (+14% fresh weight). Total yield at the end of the experiments (Table 1) was increased
in 5 out of the 7 treatments with application of humic acids (-1,6 to +21% fresh weight
compared to control, with an average of + 8 %).
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Table 1. Grass yield in the pot experiment and the field trials in Bottelare and Hoogstraten (2006)

1st grass cut 2nd cut 3th grass cut 4th grass cut Total

FMY DMY FMY DMY FMY DMY FMY DMY FMY DMY
Pot experiment g/pot g/pot g/pot gl/pot g/pot g/pot  g/pot g/pot g/pot g/pot
control 12,7 1,5 12,0 1,4 12,3 1,0 36,3 4,1
HF liquid 17,0 1,6 13,2 1,3 11,9 1,2 42,0 4,1
HF incorp. 1,5% 15,8 1,6 12,0 1,3 10,5 1,1 37,2 3,7
Field trial Bottelare t/ha t/ha t/ha t/ha t/ha t/ha t/ha t/ha t/ha t/ha
control 238 3,42 26,4 571 50,2 9,13
HF liquid 259 384 252 536 51,1 9,20
HF incorp. 3,5% 249 3,553 24,5 5,09 49,4 8,61
Field Hoogstraten t/ha t/ha t/ha t/ha t/ha t/ha t/ha t/ha t/ha t/ha
control 124 2,53 11,8 2,18 7,0 1,70 10,9 1,71 421 8,11
HF incorp. 3,5% 21,5 3,60 10,3 1,89 6,2 1,46 12,0 1,95 49,7 8,90
control slurry 10,8 2,17 10,6 1,98 6,2 1,52 12,8 1,94 40,4 7,60
slurry mixed with HF 15,3 2,56* 85 1,83 5,0 1,29 11,8 1,94 40,4 7,63
liquid
slurry + HF incorp. 20,5 3,61 9,4 1,78 6,9 1,57 12,1 1,94 48,8 8,90

FMY = Fresh matter yield, DMY = Dry matter yield, HF = Humifirst
*significant difference between the control and humic acid treatment with a = 0,05

On the field trial in Hoogstraten, humic substances were applied in combination with slurry
too. The general trend, as described above, was still observed. Incorporation of humic
substances into the mineral fertilizer combined with the application of slurry resulted in a
yield increase of 90% (fresh weight) or 66% (dry weight) for the first cut and 21% (fresh
weight) or 17% (dry weight) during the whole growing season! When humic substances were
mixed as a solution into the slurry, the effect was less pronounced: a yield increase of 41%
(fresh weight) or 18% (dry weight) for the first cut and no effect during the whole growing
season.

In line with the yield response and the dilution effect, the effect of humic acids on the mineral
composition of the grass in the pot experiment was more pronounced for the second and third
grass cut than for the first grass cut. The total macro-nutrient uptake of the grass during the
experiment was clearly the highest for the humic acid treatments: N, P and K-uptake
respectively increased with 10, 23 and 14% for the Humifirst liquid treatment and with 20, 12
and 9% for the incorporated Humifirst treatment. The effect of humic acids on the uptake of
micro-nutrients was less pronounced. The uptake of Mn still increased with 13 to 30%, but
the uptake of B, Fe and Zn was more or less the same for all treatments. The nutrient uptake
after humic acid application in the field was different for the two field trials. In Bottelare,
nutrient uptake was not affected by humic acid application but in Hoogstraten, a significant
effect on nutrient uptake of the grass was measured (chemical analyses only for the first and
third grass cut). While at the first grass cut the dry matter yield was 42% higher for the
treatment with incorporation of 3,5% Humifirst in the mineral fertilizer compared to the
control treatment, the nutrient uptake far exceeded this increase: 72%, 98% and 80% for N,
K,0 and P,0s uptake and 76%, 87% and 114% for Mn, Cu and Zn uptake (Figure 1). In the
third grass cut, dry matter yield for the humic acid treatment was 14% less than the control
but the nutrient uptake only decreased 3% (N) to 14% (MgO). Copper and Zinc uptake was
even higher (+ 8 and 7%) for the humic acid treatment.
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Figure 1  Nutrient uptake of the grass (first grass cut) on the field trial in Hoogstraten
* = this result is significant higher than the control (a = 0,05)

In addition to the higher grass yield with humic acid application at the first grass cut, the
grass quality was not decreased (Table 2). At the second grass cut, the grass quality was low
for both treatments, but due to the lower crude fiber content the digestibility and VEM-value
were somewhat better for the humic acid treatment than for the control treatment.

Table 2. Grass quality on the field trial in Bottelare (2006)

Yield Crude protein  Crude fiber Ash VEM Digestibility
t/ha % % % of DM per kg DM % of OM
C HF C HF C HF C HF C HF C HF
1st cut 23,8 259 165 156 236 229 79 7.4 1006 1013 834 83,6

2nd cut 26,4 25,2 136 133 305 280 83 8,7 841 888 66,6 72,0

C: control treatment, HF: Humifirst liquid (50 I/ha), VEM: parameter used in Belgium and the Netherlands to
indicate net energy lactation (1 liter of milk corresponds with 442 VEM)

For none of the parameters a significant difference between the control and humic acid treatment was noticed (a
=0,05).

Conclusion

In general, application of humic substances in combination with mineral fertilizers or in
combination with mineral fertilizers and slurry resulted in a clear yield increase at the first
grass cut, with some repercussions in the second or third grass cut. In addition to the higher
yields for the first grass cut grass quality was not affected. Nutrient uptake increased in most
cases with application of humic acids.
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Abstract

The permanent pasturelands from Romania measure a 4.934 mil. ha area, from which 340,000
ha are situated in forest and forest steppe zone, on low productive soils, eroded and with an
inappropriate botanical composition, leading to small and low quality productions.

This paper presents the results obtained during 1998-2006 on a degraded pastureland with
Festuca valesiaca L., improved through fertilization with medium doses of mineral and
organic fertilizers and through rational use and mowing when the dominant gramineous
species start flowering.

The Festuca valesiaca L. pasturelands from the Romania’s forest steppe react positively at
medium organic and mineral fertilization, through the improvement of botanical composition
and structure and through the increase of the raw protein content in the fodder.

The best results were obtained at 10 t manure/ha applied associated annually with mineral
fertilizers in doses of 50-100 kg N ha, 25-50 kg P,Os ha™* and 50-100 kg K,0 ha™.

The doses and the combinations between the fertilizers must be established regarding the
economical and organizing possibilities of the beneficiary of the pastoral area and regarding
the soil and climatic conditions of the pastureland.

Keywords: degraded pasturelands, organic fertilization, mineral fertilization, improved
pastureland

Introduction

Almost 65-70% of the permanent pasturelands from the Moldavian forest-steppe are placed,
on slopes and they are damaged by erosion, which diminishes very much their productive
potential (Vintu V. et al. 2003). The low efficiency of these pasturelands is due to the
irrational exploitation, allowing too many animals for grazingon each hectare, and also to the
absence of any improving measurements (Carlen C. et al.1998). In many situations, the
increase of the productive potential of these pasturelands can be realized through fertilization
with different combinations and doses of organic and mineral fertilizers (Cardasol V., 1994,
Jeangros, B. Et al. 2003, Ryser J.P. et al. 2001, Samuil C. et al., 2004).

In this paper we will present the obtained results during 1998-2006, on a permanent pasture
land of Festuca valesiaca L., improved by fertilization with different doses and combinations
of organic and mineral fertilizers.

Materials and methods
This experiment was conducted on a permanent pastureland of Festuca valesiaca L, with a
poor botanical composition, placed on a field with a 10% slope. The soil is a cernosium

cambic type, lightly washed, with argile type texture and pH 6,5-6,7. The mobile phosphorus
content is 25-30 ppm and the mobile potassium content is 300-350 ppm, at a 0-30 cm depth.
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In order to improve this pastureland, by fertilization with different doses and combinations of
organic and mineral fertilizers, we carried out a monofactorial type experiment, with the
following variants: V; —unfertilized control; V, — 25 kg P,05 ha™ + 50 kg K,O ha™;V; — 50
kg N ha™ + 25 kg P,05 ha™ + 50 kg K,0 ha™*; V4 — 100 kg N ha™ + 50 kg P,O5 ha™* + 100 kg
K,O ha™ Vs - 10t ha™ manure annually; Vs — 20 t ha™ manure once at two years; V7 — 40 t
ha™ manure once at four years; Vg - 10 t ha™ manure + 50 kg N ha™ + 25 kg P,O5 ha™ + 50
kg K,0 ha™; Vg - 10 t ha™* manure + 100 kg N ha™ + 50 kg P,05 ha™ + 100 kg K0 ha™. The
manure, phosphorus and potassium were applied in autumn, while the nitrogen was applied in
spring, before the beginning of the vegetation period (first decade of April). We harvested
when the dominant grasses matured. The production was expressed in dry matter (DM).

Results and discussion

The data presented in tabel 1 show the positive effect of fertilization on the DM production,
with differences related to the applied doses and fertilizer types and to the climatic conditions
during the experimentation period.

Table 1. The influence of the fertilization on the dry matter production (t DM ha™)

Fertilization variant 1998-2000 2001-2003  2004-2006 1998-2006
t/ha % t/ha % t/ha % t/ha %
nfertilized control 278 100 337 100 292 100  3.02 100
P,sKso 3.43* 123 5.14** 153 4.97** 170  451** 149
NsoP2sKso 3.95%** 142  530** 157 531*** 102  4.85*** 161
N100PsoK100 4.65%** 167  6.60*** 196 5.46*** 221 5.57*** 195
10 t/ha manure annually 4.11%** 148 5.68*** 169 4.38* 150  4.72** 156
20 t/ha manure once at 2 years 4.46%** 160 5.21** 155 5.19*** 178  4.95*** 164
40 t/ha manure once at 4 years 4.18*** 127 543** 191 5.45*** 187 5.02%** 177
10 t/ha manure+ NsoPsKso 4.68*** 168  6.90*** 205 5.24*** 179  560*** 185
10 t/ha manure + N3ooPsoK100 4.94%** 178  7.13*** 212 5.86%** 201 5.98*** 198
Average 4.13 5.64 4.97 491
0.55tha’ 0.75tha’ 1.27 tha* 1.04 tha
0.75tha* 1.36 t ha™ 1.61tha* 1.32 tha*
0.99tha® 2.14 that 2.10tha* 1.74 tha'

From the data obtained during 1998-2006 we can observe that the fertilization can conduct to
relatively high productions, in relation with the applied fertilizer's types and doses. No matter
the combinations of the applied fertilizers, the best productions were realized at the variants
where the highest doses were applied.

The average production during 1998-2006 was of 3.02 t DM ha, for the unfertilized control
and of 4.51-5.57 t DM ha, in the case of the variants fertilized with mineral compounds,
realizing statistically assured increases of 49-95%. In the case of organic fertilized variants,
the obtained productions were 4.72-5.02 t DM ha™, realizing increases 56-77%, and for the
variants where two combinations of fertilizers were applied the obtained productions were
5.60-5.98 t ha™* d.m., realizing increases of 85-98%.

During 1998-2006, the biggest production differences related to the control (tab. 2), were
2.55 t DM ha™ in the case of the variants fertilized with mineral compounds (N10oPs0K100),
2.0 t DM ha™ .. for the organic fertilized variants (40 t ha™ manureonce at 4 years) and 2.96 t
DM ha for the variants where mineral and organic fertilizers combinations were applied (10
t ha'l manure + N100P50K100).

The fertilization contributed also to the improvement of the structure of vegetal coverreasing

the grass percentage from 56%, for the unfertilized control, at 72% for the fertilization with
N100Ps0K100 ang 40 t ha™ manure once at 4 years, in detriment of other species. The share of the
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legumes was between 11%, for the fertilization with N1ooPs0K100 and 25% for the fertilization
with 20 t ha™ manure once in two years (tab. 2). Positive changes were observed in the sward
composition as the increase of the participation percentage of some valuable fodder species:
Poa pratensis L, Festuca pratensis Huds, Arrhenatherum elatius (L) Presl., Medicago falcata
L.

Tabel 2. The evolution of the botanical composition of the sward (%)

Fertilization variant 1998 2006 Deviation

G L O G L O G L O
Unfertilized control 56 15 29 51 14 35 5 -1 46
P2sKsg 64 18 18 66 17 17 +2 -1 -1
NsoP2sKso 68 13 19 69 11 20 +1 -2 +1
N100Ps0K 100 72 11 17 81 10 9 +9 -1 -8
10 t/ha manure annually 71 19 10 69 21 10 2 +2 0
20 t/ha manure once at 2 years 65 25 10 61 27 12 -4 +2 42
40 t/ha manure once at 4 years 72 17 11 70 19 11 2 +2 0
10 t/ha manure + NsoP2sKsg 70 12 18 72 13 15 +2 +1 -3
10 t/ha manure + N100P50K 100 69 13 18 75 14 11 +6 +1 -7
Average 67 16 17 68 16 16 +1 0 -1

G — Grass; L — Legumes; O — other species

The changes induced by the fertilization in the floral structure of the sward also influenced the
quality of the fodder, inducing a slightly increase of the crude protein percentage, from 6.6%
to 7.5% for the fertilization with 10 t ha™ manure + NigoPsoK1go, in the same time with a
decrease of the crude cellulose percentage from 34.3% for the unfertilized control, to 29.5%
for the fertilization with 40 t ha™ manure once in 4 years (tab. 3).

Tabel 3. The influence of fertilization on the fodder's chemical composition (2006)

Fertilization variant Crude protein Cellulose Crude protein
production kg/ha
Unfertilized control 6.6 34.3 199
P2sKso 6.8 33.6 307
NsoP2sKso 6.8 33.8 330
N100Ps0K 100 7.2 33.9 401
10 t/ha manure annually 6.9 33.3 326
20 t/ha manure once at 2 years 7.0 29.8 347
40 t/ha manure once at 4 years 7.0 29.5 351
10 t/ha manure + NsgP,sKso 7.4 334 414
10 t/ha manure + NygoP50K1g0 7.5 33.2 449

The production of Crude protein was between 199 kg ha™, for the unfertilized control, and
449 kg ha', for the fertilization with 10 t ha™ manure+ N1goPsoK1oo,

Conclusions

The average productions during 1998-2006, for the permanent pastureland of Festuca
valesiaca L. were influenced by the climate conditions, doses and combinations of applied
mineral and organic fertilizers, having values between 3.02 and5.98 t ha™, with realized
increases of 49-98%.

The highest average productions were realized during 2001-2003 (5.64 t ha™), due to the
higher quantities of rainfall and to the fact that these were much well spread during the whole
growing period.

From the obtained data during 1998-2006 we observed that, considering the climate
conditions, the fertilization can induce relatively high productions, related to the applied
fertilizers doses and types.
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The fertilization contributed also to the improvement of the botanical structure by increasing
the grass percentage in the detriment of the legumes and other species.
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Abstract

The experiment was conducted under climatic conditions of the Olsztyn Lakeland (NE
Poland), over the years 1998 - 2000. The aim of the study was to determine the efficiency of
nitrogen fertilization of legume-grass mixtures, as well as the - protein yield per ha. The
yield-forming efficiency of one kg of N was found to depend primarily on legume species in
the mixture and experimental period. The highest nitrogen productivity was recorded in the
second year. Both legume and grass species in the mixture affected agronomical efficiency.
Slightly higher efficiency was observed at lower nitrogen rates. The protein yields attained
under weather conditions of the Olsztyn Lakeland were generally high, and ranged from 522
kg ha™ in the first year to 3379 kg ha™ in the second year. Proper selection of mixture
components contributed to high protein yields also in the third year.

Keywords: legume-grass mixtures, mineral fertilization, nutrients
Introduction

After the withdrawal of animal meals, the improvement of protein balance of feedstuffs is
seen only by means of the import of soybean meal, the price of which on world markets is
observed to raise systematically. Meanwhile, an alternative — at least to some extent — can be
feed mixtures with papilionaceous plants (Zastawny and Jankowska-Huflejt 2003).
Nowadays, the role of grasslands in the production of safe and acceptable by consumers food
is increasingly appreciated. As claimed by Jakubowski and Czyz (1999), in the rational
fertilizer disposal on grasslands high significance is attributed to determination of the
fertilization efficiency of nitrogen. Thus, the research undertaken was aimed at comparing the
efficiency of mineral fertilization of four legume-grass mixtures under conditions of the
Olsztyn Lake District as well as at determining which of the mixtures proposed would provide
the highest protein yield.

Materials and methods

The study was based on a three-year, two-variable field experiment established on the 12th of
May 1998 at the Research Station in Tomaszkowo with the method of randomized blocks in 4
replications. Topsoil was characterized by a high content of available iron and manganese, a
medium content of phosphorus and potassium as well as by a low concentration of - sodium,
magnesium, zinc and copper. Humus content reached 1.58 %. Soil p