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The possibilities and ways of improving well-composed sown sward and natural sward were in-
vestigated during 2004-2005 at the Research Station of the Lithuanian University of Agriculture.
The aim of the study was to determine the impact of monomial N, P and K fertilizers, their com-
binations and rates on improving the floristic composition of well-composed sown fodder sward
as well as on natural sward of a poor nutrient value not improved for more than 10 years.

Data on the floristic composition of sown and natural swards are presented. The share of
legumes in sown swards decreased and the share of grasses increased in the 3rd year after sow-
ing, irrespective of the fertilizing background. The increase of legumes in these swards was not
determined by any treatment. The share of grasses increased from 4 to 14%. The share of leg-
umes was by 4-12% higher on the P and K background versus other treatments in 2005. In the
3rd year after sowing, the percentage of legumes decreased sequentially with increasing N rates.
The biggest share of legumes remained in treatments with P medium rates, while the K back-
ground supported legume persistence to a lesser extent. The impact of fertilizer background on

floristic composition was similar both in natural swards and in sown ones.
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INTRODUCTION

Meadows are great producers of organic matter, O,, play an
important role as an anti-erosion factor and anti-migra-
tion buffer for spreading the alien plant species (Kadziulieng,
Slepetiene, 2004; Peter etal., 2008). Grasslands occupy about
42% (892,500 ha in total) of the agricultural area in Lithuania
and have an economical importance for the successful develop-
ment of husbandry. Grasslands and rangelands occupy more
than 1.2 M ha in Lithuania (Dauggliené, 2002). Such grass areas
are responsible for more than 150 M ha in Europe (De Vliegher
etal., 2000). Their proper management is essential for mainten-
ing the high productivity of grasslands. Improvement of grass-
lands is possible in different ways: by sowing and re-sowing, fer-
tilizing, etc. Therefore, not all swards used for forage have been
sown; part of cultured grasslands are created by improving natu-
ral ones by agrotechnical means (fertilization, weed destruc-
tion) (Daugéliené, 2004; Daugéliené, Butkuté, 2004; Daugélieng,
2005; Hofman et al., 2001; Gutauskas, Slepetiené, 2002; Jouven,
Baumont, 2008; Kadziuliené, Slepetiene, 2004; Kadziulis etal.,
1974; Kadziulis, Kadziuliené, 2000; Katutis, 2003; Vasiliauskiené
etal., 1996). The main plants in swards are perennial grasses of

different families. They differ both by morphological character-
istics and ecological features as well as by their nutrient and eco-
nomic value.

Grasses (Poaceae) are among the most common plants
in the world (Hofman etal., 2001; Sendzikaité, 2002; Va-
siliauskiené et al., 2007). Grasses are usually more fertile than
legumes, if they are grown in soils with a high level of ground-
water or where the period of vegetation is rainier. Grasses are
the most important source of carbohydrates in forage (Hofman
etal,, 2001; Gutauskas, Slepetiené, 2004, Jouven, Baumont,
2008).

Families of legumes (Fabaceae) are among the most impor-
tant components of grassland phytocoenoses. Red, white and
hybrid clovers, simple bird’s-foot trefoil, lucerne are generally
grown for forage. All legumes are of good nutritional value. They
contain 1.5-2 times more crude and digestible protein than do
grasses, therefore forages composed of legumes do not lack pro-
tein. There are slightly more crude fat and crude ashes in legu-
mes, as well as less fiber and non-nitrogen extract substances
(Glinski et al., 2002; Skuodiené, 1999; Tekeli, Ates, 2005). That is
why legumes grown together with grasses improve the chemical
composition of forages.
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One of the main factors to form productive rangelands is
supplying soil with nutritional matters. The experience of many
countries proves that the most reliable way to increase the fer-
tility of rangelands is fertilizing them with mineral fertilizers.
Their suitable rates and combinations affect the harvest of pas-
ture swards as well as their chemical and botanical composition
(Daugeliené, 2004, 2005; Daugeéliené, Butkuté, 2004; Gutauskas,
Slepetiené, 2002, 2004; Kadziulis etal., 1974; Vasiliauskiené
etal., 1996).

Nitrogen is necessary for young growing and re-growing gras-
ses. On improving plant nutrition with nitrogen, grasses develop
a greater leaf surface, become dark green, prolong their vege-
tation period, their yield accumulates more protein (Daugélieng,
Butkuté, 2004; Gutauskas, Slepetiené, 2004; Kadziulis et al., 1974).
The efficiency of nitrogen mostly depends on meteorological
conditions, as well as on soil characteristics, level of active phos-
phorus, potassium and microelement fertilizers. Phosphorus has
a great significance for the synthesis of carbohydrates and pro-
tein, it is a component of cell nucleus and many enzymes. Due to
potassium action, the positive physical and chemical characteris-
tics of the protoplasm are maintained. Besides, as potassium de-
creases evaporation, swards become more resistant to droughts
and diseases. The efficiency of potassium fertilizers depends also
on meteorological conditions, soil qualities, application of nitro-
gen and phosphorus fertilizers. The impact of these factors de-
creases as the amount of potassium in soil increases (Daugélieng,
Butkuteé, 2004; Vasiliauskiené et al., 1996).

The objective of the present investigation was to determine
the impact of nutritive elements, their rates and combinations
on the botanical composition, productivity and longevity of pro-
ductive nutrient swards. The results of this investigation were
compared with the results of an analogous investigation of the
natural, pure nutritional value of swards not commonly used on
the farms.

MATERIALS AND METHODS

Setup works (natural sward selected, plots boundaries spra-
yed with 6.01ha™' of Roundup) of field trials started in 2002
at the Research Station of the Lithuanian University of Agri-
culture, on the light deeply carbonaceous washed light loam
soil (Bathihypogleyi-Calc(ar)ic Luvisol). The soil was neutral,
pH,, 7.1, with moderate humus (2.5%), phosphorus-rich (P,0,
180-240 mg kg™ soil) and with a moderate potassium level (K,0
120-150 mg kg' soil).

Fertilizing trials started in 2003. To achieve the objectives of
the investigation, two trials were carried out. A natural sward not
fertilized for 17 years was chosen for investigation. At the begin-
ning of May 2003 a 3 m wide stripe of sward was sprayed with
6.0 Lha™' of Roundup. After plants in the sprayed fields had died
off, with a sowing machine ‘Multidril’a mixture of forage grasses
was sown in (25 kg ha™'). The composition of the sown mixture:
Trifolium pratense ‘Liepsna’ 20%; Trifolium repens ‘Atoliai’ 20%;
Lolium perenne ‘Sodr& 15%; Phleum pratense ‘Gintaras’ 15%;
Festuca pratensis ‘Dotnuvos 1’ 20%; Poa pratensis ‘Lanka’ 10%.
The composition of the natural sward: 67% of grasses, 14% of
legumes, and 19% of forbs. 2004 was the 2nd and 2005 - the 3rd
year of trials.
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The fertilization scheme was designed of two blocks with 18
systematical treatments (1 - control, NP K; 2-N_; 3-N
4- leo; 5- Nz4o; 6- NISOPIZO; 7- P40; 8- Pso; 9-P 10-P

11 - PIZOKISO; 12 - NISOKISO; 13- K50;14 - KIOO; 15- KISO; 16 - Kzoo;
17-N P, K.; 18-N P K. ) with three replications each.
The total plot size was chosen 10 m~(2.0 x 5.0 m) of natural and
6 m?(2 x 3 m) of sown swards.

Monomial fertilizers ammonium saltpeter with 34.4% of N
concentration, granulated super phosphate (P,0, 19%), potas-
sium chloride (K,0 60%) were used. P and K fertilizers were
applied in early spring and N fertilizers at the beginning of the
vegetation period and after the first harvesting. Swards were
harvested twice. The share of botanic groups of swards was de-
termined by weighing and calculating their proportion in the to-
tal mass of every plot and used for calculating the average mean
of each treatment. The botanical composition of a sward and the
content of dry matter (DM) were determined in 2004-2005. The
investigation is in progress.

The temperature and precipitation rate were normal for
sward growth in 2004. July was relatively dry (45mm) and
August was damp (136.2 mm) in 2005. The weather temperature
was close to the annual average.

The data analyses of variance were performed using the sta-
tistical package ANOVA. Standard deviation (SD) and least sig-
nificant difference (LSD ) were calculated using every plot data
of each treatment.

RESULTS AND DISCUSSION

Amelioration of the natural sward. Grasses comprised on avera-
ge 71% in the natural sward in 2004, and 72% of them remained
after a year (Fig. 1). No significant changes were determined in
grasses share of the sward structure applying N in the 2nd and
3rd years of investigation. Applying a double N rate, the share of
grasses increased by 3 and 6% in 2004 and 2005, respectively,
versus control. Increasing the rate of nitrogen up to 180 kgha™!
resulted in an increased share of grasses by 3% and 8% in 2004
and 2005, respectively versus control. The greatest nitrogen rate
(240 kg ha™') increased the share of grasses in the natural sward
by 5% and 11% in 2004 and 2005, respectively. The N . P = fer-
tilization background resulted in the rise of grasses. Applying
N K., increased the share of grasses by 1% and 5% respective-
ly, in 2004 and 2005. Fertilization with nitrogen alone brought
about increasing tendencies in the share of grasses in the natural
sward composition, possibly because grasses use nitrogen ferti-
lizers in a better way. Using phosphorus together with nitrogen
also increased the share of grasses in the 3rd year, however, less
in comparison with applying the high rates of nitrogen alone.

In the backgrounds containing phosphorus, the decreasing
tendencies of legumes were observed. This was better visible in the
3rd than in the 2nd year of investigation. Potassium is an important
nutrient matter for grasses. In a background where 200 kg ha™' (the
highest rate in this investigation) was used, in the third year of re-
search a significant increase in legumes was achieved as compared
with the control treatment. As the amounts of potassium were
increased in different treatments, a slight increasing tendency in
legumes was observed. The highest N _ P K _ rates gave a statisti-

180" 1207 "150
cally significant increase in legumes in the natural sward in 2005.
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Table 1. Impact of fertilization on the share of grasses, leqgumes and forbs in
natural sward (mean = SD, p < 0.05)

Grasses Legumes Forbs
Treatment
2004 2005 2004 2005 | 2004 | 2005
Control 71 69 13 17 16 14
N, 70 70 15 17 15 13
N, 74 77 12 11 14 12
150 73 78 13 12 14 10
N, 76 80 12 10 12 10
N e oP s 76 76 15 15 9 9
P 73 70 15 12 12 18
P 70 65 15 17 15 18
Py 72 65 16 20 12 15
P 68 60 18 20 14 20
P LK 69 71 18 19 13 10
N Ko 72 74 15 14 13 12
K., 67 68 10 15 23 17
Ko 68 71 14 20 18 9
Koo 73 72 11 19 16 9
Koo 71 79 11 18 18 3
N P.oKeo 72 74 12 14 16 12
N e oPooKie 72 80 13 13 15 7
LSD,. /R, 3.78 3.49 0.87 0.72 0.83 0.57

Fertilization background had a greater effect on legumes than
on grasses in the natural sward (Fig. 1). Forage should be com-
posed at least of 40% of legumes for fully providing with protein
(Hofman et al., 2001). The ratio of legumes was 13% (2004) and
17% (2005) in the treatment without fertilizers. A small N rate
increased the share of legumes by 2% only in the 2nd year and
did not have any impact in the 3rd year. A double N, rate had a
negative effect on legumes in the natural sward. This was demon-
strated by data of both years. The N fertilizing background de-
creased the share of legumes by 5% only in the 3rd year and did
not have any influence in the 2nd year. The greatest N, kgha™
rate applied during the experiment decreased the share of leg-
umes by 1% in the 2nd and by 10% in the 3rd year. Applying ni-
trogen fertilizers together with phosphorus increased the rate of
legumes by 2% in the 2nd and decreased by 2% in the 3rd year.

The background of nitrogen and potassium (N, K . ) had a
similar influence, only in 2005 legumes decreased by 3% versus
the control treatment. Phosphorus fertilizers showed a positive
influence on legumes in the natural sward. As the rates of phos-
phorus fertilizers increased, legumes showed increasing tenden-
cies both in the 2nd and the 3rd year. However, the same number
of legumes was found after separate treatments had been fer-
tilized with P and P in 2005. The background of P, K .
statistically significantly increased the quantities of legumes
in 2004. A significant increase of legumes was also determined
in the treatments fertilized with K, K, and K, . The share of
legumes increased by 3%, 2% and 1%, respectively, in 2005. The
share of legumes was closer to the control treatment and fluctu-
ated less under NPK treatments.

Forbs are an inevitable part of every natural sward (Howman
etal., 2001; Vasiliauskiené et al., 2007). Forbs ranged from 16%
in the 2nd year and 14% in the 3rd year in the control treatment
of natural sward.
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Fig. 1. Fluctuation of main floristic groups in natural swards in 2004-2005
(mean £ SD, p < 0.05)

The share of forbs decreased by 1% in a treatment with N
versus control both in 2004 and 2005. The tendencies of forbs
decrease remained with increasing the N rate to 120 kgha™.
The share of forbs decreased by 4% and by 2% under N, kg
in 2004-2005. Under the greatest rate (N,, ) the share of forbs
decreased also. The greatest P rates in this investigation signifi-
cantly increased the quantity of forbs, especially in the 2nd year.
According to references (Daugeéliené, Butkuté, 2004; Gutauskas,
Slepetiené, 2004) and the obtained data, the quantity of forbs de-
creased both in the 2nd and the 3rd year under PK treatments.

Amelioration of sown swards. According to the obtained data
on the botanical composition of the sown sward in 2004, the ratio
of grasses and legumes changed by 5-10% versus the composition
of the natural mixture (Fig.2). In agreement with Vasiliauskiené
(2005), Dauggliené (2002, 2004), an increase of grasses was ob-
served in all treatments with N fertilizers. Legumes made 29-40%
of the total composition of the sward in 2004. We observed in the
2nd year that legumes reacted negatively to the N background.

Table 2. Impact of fertilization on the share of grasses, lequmes and forbs in
sown sward (p < 0.05)

Grasses Legumes Forbs
Treatment

2004 2005 2004 | 2005 | 2004 | 2005

Control 58 65 35 27 7 8

N, 62 66 33 22 5 12

N, 63 76 33 19 4 5

N g 67 73 30 14 3 13

N, 68 85 29 10 3 5

N P 120 65 84 33 13 2 3

P.o 60 67 33 26 7 7

Peo 60 68 32 27 8 5

P 58 68 36 26 6 6

P oo 58 70 37 22 5 8

P oKiso 59 69 37 22 4 9

N oK, s 68 74 30 23 2 3

K., 55 73 35 20 10 7

Koo 50 71 40 20 10 9

Kis 53 70 39 22 8 8

Koo 53 69 40 24 7 7

NgoP.oKso 58 70 38 20 4 10

N 0P 120K 56 63 77 36 18 1 5
LSD,, /R 3.79 3.67 0.71 0.69 0.21 0.19
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The share of legumes was by 6% and 17% lower than in the
treatment with 240 kgha™' of N versus the control treatment
(N,P,K)) in 2004 and 2005, respectively. The background of
P (from 120 kg ha™') and K influenced legumes in a positive way,
and their share grew up. The rate legumes increased by 5% in
treatments fertilized with K,  and K,  in the 2nd year after sow-
ing versus the control treatment. On average, 1-5% of forbs were
found in all treatments during the study period.

The botanical composition of the sown sward varied more
in 2005 than in 2004. The share of grasses increased from 4% to
14% in all treatments. No increase in the share of legumes was ob-
served in the 3rd year after sowing in any treatment, irrespectively
of the fertilizing background. The increase in the share of grasses
was found in treatments with a greater rate of N (treatment No. 5),
as well as NP and NPK. The share of legumes decreased from 4%
to 18% in different fertilizing backgrounds. The share of legumes
remained by 5% to 12% higher in treatments with P and K back-
grounds than in other treatments in 2005 (Tekeli, Ates, 2005). The
least ratio (10% versus control) of legumes was determined in the
treatment fertilized with the greatest rate of N, in 2005.

Forbs accounted for 15% of the swards in 2004 (Fig.1).
The largest amounts of them were found in treatments ferti-
lized with K, and K, (by 3% more than in the control treat-
ment). Fertilization with phosphorus and potassium alone did
not have any significant influence on forbs in 2004. The share of
forbs decreased by 6% in treatments fertilized with NK, NP and
NPK versus the control sward. Forbs were found increased in
five treatments versus control in 2005. Treatments N, , N and
N, P, K, were especially indicative due to the increased amount
of forbs as compared to both the control treatment and investi-
gations of the Ist and the 2nd years.

The better botanical composition persisted in sown swards
due to the larger share (17-18%) of legumes in natural (Fig. 2)
and sown (Fig. 5) swards during 2004-2005.

The botanical composition of both test swards fluctuated dif-
ferently during 2004-2005. The common tendencies of botanical
changes showed that the natural swards of a purer composition
improved their constitution in comparison with sown ones by
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Fig. 2. Fluctuation of main floristic groups in sown swards during 2004-2005
(mean = SD, p < 0.05)

reducing the share of grasses and increasing that of legumes by
1% and 2%, respectively. The share of grasses increased by 4%
and the share of legumes decreased by 4%; consequently, the flo-
ristic composition of sown swards declined, contrary to changes
in the natural swards during the study period.

Larger amounts of DM accumulated in sown swards than in
natural ones, except for the treatment fertilized with the great-
est rate of N, in 2005 (Fig. 3). The highest content of DM was

2400

observed in treatments fertilized with N _ P/ K . as well as in
the treatment fertilized with the biggest rates of N or NP both in

sown and in natural swards.
CONCLUSIONS

Different tendencies of floristic composition fluctuation were
determined during 2004-2005 as well as under different ways of
grassland management. Floristic composition was more stable
in natural swards than in sown ones. Grasses comprised 71%,
legumes 13%, forbs 16% on average in natural unfertilized ex-
tensive swards in 2004. The dynamics of legumes determined
different accordingly swards and year. The decrease of legumes
reached even 10% in sown swards, but legumes increased in
natural swards in 2005. The share of forbs increased both in
natural and sown swards in the 2nd year. Different fertilizers
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have a different effect on floristic composition. Nitrogen fertili-
zers increased the share of grasses in the total yield by 6-12%;
N,,, ., diminished the share of legumes. Phosphorus fertilizers
increased the share of legumes, whereas the botanical composi-
tion of the sward varied insignificantly in combination with N
and K. The most effective means for maintaining a suitable com-
position of a sown sward is balanced fertilization with NPK.

The tendencies of the botanical composition changes de-
termined differences both test swards during 2004-2005. The
natural swards have improved their constitution by reducing the
share of grasses and increasing that of legumes. The composi-
tion of sown swards declined due to a decrease of legume share
on average by 8% during the study period.
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TRASU POVEIKIS NATURALAUS IR SETINIO ZOLYNO
FLORISTINES SUDETIES GERINIMUI

Santrauka

Tre$imo bandymas pradétas 2003 m. Zolyno botaniniai ir sausosios
medziagos derliaus tyrimai atlikti 2004-2005 m. Lietuvos Zemés tkio
universiteto Bandymy stotyje, giliai gléjisko karbonatinio i$plautzemio
lengvo priemolio dirvozemyje (Bathihypogleyi-Calc(ar)ic Luvisol).
DirvoZemis neutralios reakcijos — pH, 7.1, vidutinio humusingumo
(2,5%), fosforingas (P,0, 180-240 mg kg™ dirvos) ir vidutinio kalin-
gumo (K,0 120-150 mg kg™ dirvos). Tirta vienanariy N, P, K trady, jy
deriniy ir normy jtaka pasariniam, geros botaninés sudéties sétiniam
zolynui ir nataraliam, daugiau nei 10 mety negerintam, menkos pasari-
nés vertés zolynui.

Gautibandymy rezultatai parodé,jog tre¢iais metais po Zoliy misinio
séjos, pastebétas ankstiniy sumazéjimas, o varpiniy pagauséjimas, ne-
paisant tre§imo fono. Ankstiniy pagauséjimo nenustatyta nei viename
variante. Visuose tirtuose variantuose varpiniy pagauséjo nuo 4 iki
14%, su P ir K fonu — ankstiniy 2005 m. i$liko nuo 4 iki 12% daugiau
nei kituose variantuose. Didéjant N tra$y normai variantuose, treciais
metais po s¢jos zolyne nuosekliai mazéjo ankstiniy Zoliy. Daugiausia
ankstiniy isliko variantuose, vidutini$kai tre$tuose P, maziau anks-
tiniams i8likti padéjo K fonas. Nataraliame Zolyne tresimo fono jtaka
botaninei sudéciai turi panasias tendencijas kaip ir sétiniame.

Raktazodziai: sétinis Zolynas, botaniné sudétis, nataralus Zolynas,
varpineés Zolés, ankstinés Zolés, sausosios medziagos



