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Abstract

RZONCA, J., MICOVA, P., SVOZILOVA, M., MACEK, A., STYBNAROVA, M.: Nutrients uptake
and balance by different intensity of grassland utilization. Acta univ. agric. et silvic. Mendel. Brun.,
2007, LV, No. 1, pp. 143-152

In 2003-2005 it was solved the issue about the nutrient balance in the permanent grasslands of Research
Institute for Cattle Breeding Rapotin. In trial it was used these types of utilization: 1. Intensive — 4 cuts
per year (1* cut up to 15" May, every next after 45 days), 2. Medium intensive — 3 cuts per year (1* cut
from 16" to 31* May, every next after 60 days), 3. Low intensive — 2 cuts per year (I* cut up to 15"
June, 2™ after 90 days), 4. Extensive — 2 cuts per year (1* cut from 16™ to 30" June, 2" after 90 days).
There were following variants of the fertilization: A — no fertilization, B — P:K 30:60 kg.ha™!, C — N:P:
K 90:30:60 kg.ha™!, D — N:P:K 180:30:60 kg.ha™'. There was the considerable reaction of the permanent
grassland on the nutrient application. The highest value of the coefficient of the neutral efficiency was
by the fertilization N:P:K 90:30:60 kg of the pure nutrients. By the most of the variants we have noticed
the negative nitrogen balance. The negative balance of the phosphorous was marked only by the unfer-
tilized variants. All variants of the permanent grassland utilization had the negative potassium balance.
The utilization had the significant influence (P ,) to all observed indicators. The year had the significant
influence too. From the point of view of the rational plant nutrition and of the environment protection
from the contamination (especially from the nitrates) it appears as the most advisable the medium inten-

sive type of the utilization with nitrogen dose: N:P:K 90:30:60.

balance, nutrients, grassland, fertilization

The permanent grasslands are very important and
precious part of landscape in all countries of Europe.
In the Czech Republic the grasslands form fourth part
from acreage of agricultural land with average year
production 2500-2800 thousand t DM. At the pre-
sent time is in the Czech Republic high contribution
of arable land (72.4%) and consequently is probable
to expect the increase of grassland acreage. With this
increase is concerted the choice of sustainable mana-
gement (Pozdisek et al., 2004). The optimal fertiliza-
tion of grassland is one of principal rationalizing mea-
sures, enabling realization of production potential of
grassland and preserving the out production functions
(Krajcovic, 1997).

The rational fertilization is effective measure, what

has the influence on the soil fertility, the yield height
and quality, the animal utility, the quality of environ-
ment and economy of agriculture in LFA (Slamka et
al., 2004).

The observation of different intensity of grassland
management with use of different fertilizer dosages is
the important condition for production forage in opti-
mal quality (Micova etal.,2004). Komarek et al. (2004)
found that under the influence of increase dosage of
mineral fertilizers decrease the species frequency:.

The balance of nutrients and determination of their
effectiveness are appropriate means for speed dia-
gnostics of the situation in nutrient status under vari-
ous levels of agro ecosystem (Klir, 1999; Kovacik,
2001). In principle we can state that the nutrient out-
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puts have to be in the balance with nutrient inputs for
maintenance of soil fertility in actual cultivating con-
ditions (Hanackova, 2004).

The aim of this paper is to evaluate the different ways
of grassland managements and fertilizations from point
of view of material flows and fertilization efficiency.

MATERIALS AND METHODS

We have carried out the observation at Research

Institute for Cattle Breeding Rapotin holdings in
2003-2005. The locality is situated in 390-402 m
above sea level and it come under the geomorpho-
logic division Hruby Jesenik. Geomorphologic sub
grade is deeper diluvium of mica schist. The soil is
sandy-loam, type cambisol (horizons Am-Bv-B/C-C).
The temperatures and precipitations during observed
period are shown in table 1.

I: The overview of rainfall and average monthly temperatures during observed period

Year  Month L L 1L IV VI. VIL VI IX. X XL XIL
Precipitation /o 167 309 258 80.8 321 598 259 237 702 248 763
[mm]
2003
em%lecr?mre 60 —143 38 67 155 184 183 192 122 51 52 —-477
Prec[;gf]“"“ 969 31.8 119 343 209 654 515 593 41.0 498 114.1 409
2004
Tem{(’,eé?mre 97 —14 22 893 11.6 154 1693 175 121 94 343 1.1
Prec&ﬁgﬁ“"“ 90.0 450 275 235 760 500 780 69.0 190 56 120 -
2005
Tem[lf,eé?t“re 13 45 —07 89 127 156 183 157 134 49 31 -

On the permanent grassland there are dominant
these species (described by projective dominance
method):

1. Taraxacum sect. Ruderalia  (27-60%)
2. Poa pratentis (23-60%)
3. Dactylis glomerata (21-54%)
4. Elytrygia repens (10-25%)
5. Trifolium repens (3-37%)
6. Achillea milleflorum (3-25%)
7. Lolium perenne (4-18%)
8. rest (0-10%) (Festu-

ca arundinacea, F. pratensis, Bromus hordeaceus,
Alopecurus pratensis, Crepis biennis and others).

Intensity of utilization:

1. Intensive — 4 cuts per year (1% cut on May 15" at
the latest, next after 45 days)

2. Medium intensive — 3 cuts per year (1% cut on
May 31%at the latest, next after 60 days)

3. Low intensive — 2 cuts per year (1% cut on June 15
at the latest, 2™ cut after 90 days)

4. Extensive — 2 cuts per year (1% cut on June 30™ at
the latest, 2" cut after 90 days).

Nutrition and fertilization:
A —no fertilization
B - P:K 30:60 kg.ha™!

C —N:P:K 90:30:60 kg.ha™!
D — N:P:K 180:30:60 kg.ha™".

The trial was originally established by a block
method in four replications with the area of an expe-
rimental plot 12.5 m?. It was used ammonium nitrate
with pulverized limestone as nitrogen fertilizer, super
phosphate as phosphorus fertilizer and potassium
chloride as potassium fertilizer.

The samples were treated for analysis by method of
Central Institute for Supervising and Testing in Ag-
riculture (Zbiral et al., 2002). The soil samples were
taken before experiment foundation from the depth up
to 0.30 m. In this samples were determined the con-
tent of available nutrients in extract Mehlich III, the
total nitrogen and the exchangeable soil reaction (pH
in 0.2 M KCl).

After grass phytomass harvest we quantified the
nutrients content in dry matter (DM). Used methods
(Zbiral et al., 2004): N — Kjeldahl method, P — colori-
metric and K spectrofotometric. On the basis of rea-
ched yield and determination of macronutrients con-
tent in dry matter uptake of nutrients by yield was
calculated. The balance of nutrients was calculated by
the following equation (Bobkova, Lozek; 2002):

AZ=A-P
AZ — net balance
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A — Input of nutrients (fertilizers, N fixation by legu-
minous)
P — Output of nutrients.

The percentage of nutrient output substitution by
nutrient inputs was calculated as follows:

% of substitution = (Input of nutrients/ Output of
nutrients) x 100.

The efficiency of fertilization was expressed th-
rough the coefficient of natural efficiency. This coe-
fficient was calculated by the following equation
(Fecenko, Lozek, 2000):

K. =AYs/Z
AYs — increase of dry matter [kg.ha™'] in consequen-
ce of fertilization

7 —dosage of pure nutrients N, P, K [kg.ha™'].

The obtained data by the statistical program SPSS

II: The production indicators during observed period

13.0 were processed (average, standard deviation,
coefficient of confidence and analysis of variance).

RESULTS AND DISCUSSION

The average yields of DM during years 2003-2005
according to management and fertilization variants are
shown in table II. We noticed the highest mean produ-
ction of DM (7.53 t.ha') in low intensive grassland uti-
lization. The lowest mean production of DM was noti-
ced in intensive (6.58 t.ha ') grassland utilization.

From results in the table II flows the marked reac-
tion on application of nutrients. We found the highest
values of K in the fertilization with dosage NPK
180:30:60 kg pure nutrients per hectare. These values
moved from 9.12 to 15.90. In variant of fertilization
D (N:P:K 180:30:60 kg.ha™') the values moved from
2.78 to 9.34. In variant of fertilization B (dosage P:K
30:60 kg pure nutrients per ha) we noticed the values
of natural efficiency coefficient in relation from 3.07
(intensive exploitation) to 7.72 (low intensive exploi-
tation).

y. 2003

y.2004

y. 2005 X

Utilization and fertilization [tha 'DM] [tha 'DM] [t.ha 'DM] [tha 'DM] K
A 6.29 5.16 4.87 5.44 -
! B 6.07 5.32 5.76 5.72 3.07
C 7.57 7.24 7.44 7.42 10.99
D 8.48 7.62 7.12 7.74 8.52
A 7.00 5.11 4.87 5.66 -
5 B 7.78 5.65 5.38 6.27 6.77
C 8.38 8.13 9.06 8.52 15.90
D 10.15 8.59 5.81 8.18 9.34
A 7.09 5.73 6.23 6.35 -
3 B 7.77 6.19 7.18 7.05 7.72
C 8.38 8.13 9.06 8.52 12.06
D 7.77 8.58 8.28 8.21 6.89
A 5.93 5.51 6.06 5.84 -
4 B 5.79 6.28 7.36 6.48 7.11
C 7.09 7.34 8.01 7.48 9.12
D 7.03 8.20 4.53 6.59 2.78

The values of nutrients uptake are shown in fig-
ure | and 2. In comparison with data of Lichner et al.
(1983) and Fecenko, Lozek (2001) we noticed higher
uptake of potassium and comparable uptake of nitro-
gen and phosphorus. Lichner et al. (1983) informs on
follows values of nutrients uptake: 19-21 kg.t! N,
2.5-2.8 kg.t ' P and 20-22 kg.t ! K. We can settle the
heightened uptake of potassium on good stock of this

nutrient in soil and also on influence of herbs contri-
bution in growth (r = 0,83, see figure 3).

The results of nutrients inputs and outputs balance
are shown in table IV. The nutrients uptake increased
according to increasing level of utilization and fertili-
zation. The comparable results noticed Slamka et al.
(2004). The highest uptake of growth was 213 kg.ha .
year! N in variant 1D (intensive utilization, dosage
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of N:P:K 180:30:60). We found the lowest uptake
of growth in level 73 kg.ha'.year! N in variant 4A
(extensive utilization, without fertilization). We noti-
ced the negative balance in majority of tested vari-
ants. The positive balance was found only in variants
3D and 4D, so in growths fertilized with dosage N:P:
K 180:30:60 kg pure nutrients per hectare and with
low intensity of utilization. The aim of rational ferti-
lization is the balance of nutrients equilibrated. This
aim has particular importance in nitrogen fertilization,
in respect of extensive mobility of its mineral forms
in environment. We can hold the value of nitrogen
balance + 25 kg N per hectare for sustainable from
this point of view and from view of environmental
protection. The input of nitrogen prevailed over out-
put about 33 kg.ha-'.year! N in variant 2C and about
74 kg.ha '.year' N in variant 4D.

We found the negative balance of phosphorus only
in variants without fertilization. The phosphorus ex-
cess moved from 3 kg.ha'.year! (2D) to 15 kg.ha™'.
year™! (4B) in fertilized variants. The even balance ap-
proached the variants with medium (2D, 3B, 3C) and
intensive utilization and fertilization intensity (1D).
Fiileky and Orban (2005) counted the balance of phos-
phorus by using the dosage 60 kg.ha™'. They found the
excess of phosphorus in range from 17 to 22 kg.ha ™.

The negative potassium balance was found in all
variants of grassland utilization and fertilization.
The deficit was moved from —75 kg.ha'.year™! (vari-
ant 4B) to —187 kg.ha™'.year™! (variant 1D). The even
balance approached the variants 4B and D, with the
percentage of nutrient substitution 50.15 and 49.34%.
Our results are in concordance with Kunzova’s et al.
(2003) conclusions.

The mean total nitrogen content in soil was in level
1.84 gkg' before the foundation of experiment.
The total nitrogen content decreased on mean level

1.77 g.kg! after three years of grassland exploitation.
We show the overview of total nitrogen changes in
figure 4. From this figure results, that with exception
of fertilization variant D and extensive utilization, the
total nitrogen stock was decreased.

The content of available potassium in soil (fig. 5)
was decreased from the mean level 220 to 149 mg.kg™!
during three years period. The overview of available
potassium uptake is shown in figure 6. We noticed the
decreasing tendency of potassium uptake, with excep-
tion of variants 4A and 4B.

The content of available phosphorus in soil was
decreased from the mean level 100 to 53 mgkg!
although its positive balance. We think that the low
values of pH are the reason of available phosphorus
decrease. We noticed the most favorable content of
available phosphorus in variants with application of
calcium (Ca is complement of nitrogen fertilizer). The
differences in values of soil reaction are concluded in
figure 7. We found the biggest decrease of pH in vari-
ant of fertilization B, also in variant with application
of physiologically neutral (super phosphate) and acid
fertilizers (KCl), without calcium application.

The results of variance analysis are shown in table
II1. The utilization had the significant influence to all
observed indicators (P ). The year had the significant
influence, as well. The fertilization did not have signifi-
cant influence only to phosphorus concentration in phy-
tomass DM. The differences in nutrient concentration
are shown in figure 1 and 2. We noticed the increase of
DM production by potassium and phosphorus fertili-
zation (variant B) in comparison with variant without
fertilization; but this difference was not significant. The
dosages of NPK 90:30:60 and 180:30:60 kg per hectare
increased the DM production conclusively. The obtai-
ned results correspond with results of Michalec, Kano-
Sova (2004), Kohoutek et al. (2002) and others.

45
40 - g
35
30 -
225-
2 20 =0,3513x + 16,307
X 15 (%0 &% R2 =0,69
10 - r=0,83
5 1 n=192
O T T T T T T 1
0 10 20 30 40 50 60 70

% herbs in particular years

3: Dependence of potassium concentration in DM on herbs abundance in plant cover



148

J. Rzonca, P. Micovd, M. Svozilova, A. Macek, M. Stybnarova

Oy. 2003
Oy. 2005

2,5
2.0 1 T T TT

A
15 — | — |
1,0 — | — |
05 1 — | — |
0,0

1 2 3 4 A B C D

4: Content of total nitrogen in soil [g.kg™']

3

4

A B C

Utilization and fertilization

op
aK

5: Content of available phosphorus and potassium in soil after three years exploitation

450

400

350

300

250

200
150
100
50 T

ABCDABCDABCTDABCD

1

2

3

4

Hy. 2003
Hy. 2004
Oy. 2005

6: Uptake of potassium by growth [kg.ha™']




Nutrients uptake and balance by different intensity of grassland utilization

149

3

A B

Oy. 2003 Ey. 2005

Cc D

7: Values of exchange soil reaction in autumn 2003 and 2005

III: Variance analysis of estimated parameters

Year Fertilization Utilization
d.f. 2 3 3
i MS 13.41 44.195 9.56
Phytomass production
F 11.19%** 36.59** 7.98%*
) MS 17184 50645 39011
Nitrogen uptake
F 34.31%* 101.12%* 77.89%*
MS 102.93 274.70 625.72
Phosphorus uptake
F 6.66** 17.77%* 40.48**
) MS 198734 50675 75961
Potassium uptake
F 161.84%* 41.27%* 61.86%*
i . MS 65.48 187.67 886.31
Concentration of N in phytomass
F 38.89%* 111.47** 526.45%%*
. . MS 1.18 0.32 12.75
Concentration of P in phytomass
F 4.43% 1.20 48.02%*
i . MS 2087.5 64.3 15243
Concentration of K in phytomass
F 416.4%* 12.83%%* 304.06%**
) MS 15891.5 157132.7 38478.8
Nitrogen balance
F 32.08** 317.17%* 77.67**
MS 102.9 8230.7 625.7
Phosphorus balance
F 6.66* 532.55%* 40.48**
i MS 198734 18417 75961
Potassium balance
F 161.84%* 14.99%** 61.86**

Statistic importance * P<0.05; ** P<0.01

CONCLUSION

We can form the follows conclusion in basis of
obtained results:
* In grassland fertilization is important to make empha-
sis on equilibrium of phosphor and potassium fertili-
zation, but also on maintenance of soil reaction

e The high herbs abundance can cause the highly
potassium uptake in grassland

By the high intensity of grassland utilization can be
the balance of nitrogen in deficiency although the
use of nitrogen dosage crosses over 170 kg.ha™!

* From view of rational fertilization we consider the
medium intensive utilization with nutrients dosage
NPK 90:30:60 as most favorable.
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SOUHRN

Odbér a bilance zivin pfi rizné intenzité vyuzivani trvalych travnich porostl
V letech 20032005 byla na pozemcich Vyzkumného ustavu pro chov skotu Rapotin feSena proble-
matika bilance zivin TTP. V pokusu byly uplatnény nasledujici zptisoby vyuzivani: 1. Intenzivni — 4
sece za rok (prvni se¢ do 15. 5., nasledujici po 45 dnech), 2. Stfedné intenzivni — 3 sece za rok (1. se¢
od 16. do 31. 5., dalsi po 60 dnech), 3. Mélo intenzivni — 2 sece za rok (1. se¢ do 15. 6., druha po 90
dnech), 4. Extenzivni — dv¢ sece za rok (prvni se¢ od 16. do 30. 6., druha po 90 dnech). Varianty hno-
jeni byly nasledujici: A — bez hnojeni, B — P:K 30:60 kg.ha™!, C — N:P:K 90:30:60 kg.ha™!, D — N:P:K
180:30:60 kg.ha™'. Z vysledki vyplyva vyrazna reakce TTP na aplikaci Zivin. Nejvyssi hodnoty koefici-
entu naturalni efektivnosti byly zjistény pii hnojeni davkou N:P:K 90:30:60 kg ¢istych zivin. U vétSiny
variant byla zaznamenéana negativni bilance dusiku, zaporna bilance fosforu byla zjisténa jen u nehnoje-
nych variant.U vSech variant vyuzivani TTP byla zjiSténa zadporna bilance drasliku. Vyuzivani vyznam-
n¢ ovliviiovalo vSechny sledované ukazatele. Z pohledu racionalni vyzivy rostlin a ochrany zivotniho
prostiedi pfed kontaminaci zvlasté dusi¢nany se jevi jako nejvhodnéjsi stfedné intenzivni vyuzivani

porostu s davkou zivin N:P:K 90:30:60.

bilance, ziviny, trvaly travni porost, hnojeni
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