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In 2003-2005 the energy analysis of the different types of permanent grassland utilisation was carried out in the Hruby Jesenik local-
ity. We used the following intensity of utilisation: 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
(1 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
estimated values of the particular inputs of additional energy. Energy inputs moved according to the pratotechnologies from 2.17
GJ.ha™ t0 22.70 GI.Lha™". The biggest share in energy inputs had fertilisers. It was 84.93% by the nitrogen fertilisation. The most
energy benefit of gross and net energy was marked by a low intensive utilisation (129.64 GI.ha™ gross energy and 25.93 GJ.ha™'
NEL on average). The highest value of energy efficiency (23.74) was marked by low intensive utilisation of permanent grassland.
The energy efficiency decreased using of higher doses of industrial fertilizers. From view of energy benefit and intensiveness on
energy inputs it appears the most available utilisation of permanent grassland with two cuts per year (1% cut on June 15" at the latest,

2" cut after 90 days).
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INTRODUCTION

Withdrawal from the intensive plant production to sus-
tainable management has fallout mainly on energy man-
agement, ecological carrying capacity and economical
efficiency of new technologies. Agriculture as every other
productive activity is a process of energetic transformation
of raw materials and of effective change of their attributes.
It differs from the other branches of human activities by
the eminent transformation of solar radiation and by its
purposeful accumulation to the final production (Pospi-
§il, Vile¢ek, 2000).

Agriculture is a complex system that is able to change
inorganic substances into important organic compounds
due to solar radiation. Production system is affected by
various factors such as weather conditions, nutrition and
fertilisation, physical and agrochemical characteristics of
soil or natural characteristics of grown plants. This whole
process is very complicated and it is practicable due to
additional energy forms (Kotorova etal., 2004).

The issues are environmental, particularly for the con-
trol of greenhouse gas emissions and also for the evalua-
tion of the use of scarce non-renewable resources. They
also show socio-economic aspects, as fossil energy may
be replaced in some cases by human resources (labour).
Energy analysis can therefore play a significant role in the
evaluation of sustainability of agricultural process (Bois -
vert, Holec, 1993).

Energy analysis provides a relevant view of the spe-
cificity of agriculture, as a user and a producer of energy
simultaneously. This distinctive feature makes agriculture
play a specific role in CO, cycles, thanks to phenomenon
of photosynthesis. With forestry and some other human

activities utilising renewable energies, agriculture is the
only human occupation which may produce more energy
than it had consumed. It is interesting therefore to check
if it is true in any farming process, and to explore the
causes of variations in energy results (Risoud, Cho-
pinet, 1999).

There are various points of view of energy balance of
grown plants. Most of studies about energy balance is en-
gaged in plants grown on the arable land. It is evaluated
fertilizer’s effectiveness, efficiency of pesticides and vari-
ous ways of soil tilling or energetic influence of preceding
crops, varieties and various agro-ecological conditions
Kovac¢,1998; Risoud, Bochu,2002; Pospisil,
2002).

The aim of this study was to analyse and to quantify
energy-material inputs and outputs in production process
of permanent grassland on the basis of various methods of
its utilisation and fertilisation and subsequently to carry
out the balance from the viewpoint of additional energy
sources for their optimal level assessment.

MATERIALS AND METHODS

We have carried out the observation in 2003—-2005 on
RICB Rapotin holdings. The locality is situated in 390—
402 m above sea level and it comes 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 experimen-
tal design was a randomised complete block in four repli-
cates. The plot size was 12.5 m”. The years 2003-2005
were warmer than long-times average. Regarding pre-

* The paper was made with contribution of the project of the National Agency for Agricultural Research reg. n. QF 3018.
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Table 1. Overview of rainfall and average monthly temperatures

Temperature (°C) -13 —4.5 -0.7 8.9

Year Month L 1. 1. A V. VL VIL VIIL IX. X. XL XII.
o Precipitation (mm) | 74.6 18.7 309 25.8 80.8 321 59.8 259 23.7 70.2 24.8 76.3
Temperature (°C) -6.0 |-14.3 -3.8 6.7 15.5 18.4 18.3 19.2 122 3.1 52 —4.7
And Precipitation (mm) | 96.9 31.8 11.9 343 20.9 65.4 515 593 41.0 49.8 |114.1 40.9
Temperature (°C) 9.7 -1.4 2.2 893 | 11.6 15.4 1693 | 17.5 12.1 9.4 3.43 1.1
SO0 Precipitation (mm) | 90.0 45.0 27.5 235 76.0 50.0 78.0 69.0 19.0 56 120 =

12.7 15.6 18.3 15.7 13.4 49 3.1 -

Long-term Precipitation (mm) | 55.5 39 442 36.3
mean Temperature (°C) —4.9 -39 | 05 4.8

68.6 82.6 775 74.4 51.8 45.7 58.8 67.9
10.8 14.2 14.7 13.7 9.8 5.4 2.1 2.3

cipitations years 2003 and 2004 were dry and the year
2005 was normal. Table 1 shows temperatures and pre-
cipitations during observed period and long-term means.
On the permanent grassland these species are domi-
nant: Taraxacum sect. Ruderalia (27-60%), Poa pratentis
(23-60%), Dactylis glomerata (21-54%), Elytrygia re-
pens (10-25%), Trifolium repens (3—37%), Achillea mille-
Solium (3-25%), Lolium perenne (4—18%) and rest (0—
10%, Festuca arundinacea, F. pratensis, Bromus
hordeaceus, Alopecurus pratensis, Crepis biennis).

Intensity of utilisation:

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
latest, 2" cut after 90 days)

™ at the

Nutrition and fertilisation:

A —no fertilisation

B - P:K 30:60 kg.ha '

C — N:P:K 90:30:60 kg.ha™'
D —N:P:K 180:30:60 kg.hef1

Ammonium nitrate with pulverized limestone was
used as nitrogen fertiliser, super phosphate as phosphorus
fertiliser and potassium chloride as potassium fertiliser.
The divide of nitrogen dosage was following: 1/3 in spring,
1/3 after first cut and 1/3 after second cut by intensive and
medium intensive treatment and 1/2 in spring and 1/2 after
first cut by low intensive and extensive treatment.

We used the following equation for the dry mater gross
energy (BE) expression (Sommer et al., 1994):

BE = 0.00588*CP + 0.01918*OM (MJ kg ")
Net energy was evaluated by equation:
NEL = ME*/0.463 + 0.24*(ME/BE)/ (MJ kg ")

Where: CP — crude protein, OM — organic matter, ME —
metabolizable energy
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Metabolizable energy was evaluated by equation
ME = 0.00137*DCP + 0.01504*DOM

Where: DCP — digestible crude protein, DOM — digestible
organic matter

The energy contribution quantification, the used en-
ergy equivalents and methods of the calculations were
realized according to the method of Preininger
(1987). For the energy balance evaluation there were in-
cluded these factors to the additional energy inputs:

1. Used industrial and organic fertilisers in pure nutrients

NPK (kg.ha™)

2. Energy in machines (GJ ha™)
. Fuel consumption (l.ha’l)
. Amount of the human labour (h.ha ™)

W

On the basis of these energy values it was counted:
— Energy benefit:

EP (GJ .ha'l) = energy of phytomass — energy inputs
— Energy need for production 1 t DM:

EN = energy inputs / yield of phytomass

— Coefficient of the energy efficiency:

CEE = energy of phytomass / energy inputs.

We have processed the acquired data by the statistical
program SPSS 13.0 for Windows (Multifactor Analysis of
Variance and LSD test).

RESULTS AND DISCUSSION

Table 2 shows the values of the phytomass production
and energy outputs. The highest values of phytomass pro-
duction and concentration of gross energy were in the low
intensive (3.) utilisation. The lowest values of these indi-
cators were in intensive utilisation (1.). The concentration
of gross energy increased with decrease of utilisation in-

tensity. The similar tendency found Kubic¢kova-
Hanug8ova etal (2006). The content of NEL was the
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Table 2. Energy and phytomass production (average of 2003-2005)

FM" (tha™) Conc. GE? MJkg™) | Conc. NELY (MIkg™) GEY (Gl.ha™) NEL® (GJ.ha™)
Means Std. dev. Means Std. dev. Means Std. dev. Means Std. dev. Means Std. dev.

Utilisation
1 6.58 127 18.21 0.13 5.55 0.19 119.83 23.54 36.51 7.27
2 6.97 1.72 18.29 0.20 5.09 0.15 127.39 31.50 35.49 9.05
3 7.62 1.42 18.37 0.24 473 0.12 139.81 25.66 36.11 7.25
4 6.89 1.26 1835 0.18 4.60 0.11 126.39 23.03 3173 6.00
F-ratio 10.17 - 17.00 - 466.8 - 11.28 o 9.72 -
HSD, 4 0.40 0.06 0.16 7.96 229
HSDy 401 0.53 0.07 0.21 10.53 3.02
Fertilisation
A 577 1.08 18.37 0.23 4.94 0.43 105.95 19.48 28.44 5.67
B 6.25 1.00 18.19 0.15 4.97 0.36 113.64 18.10 30.96 475
C 7.76 0.86 18.29 0.21 5.02 0.34 141.90 15.47 38.89 425
D 800 123 18.36 0.16 5.03 0.44 151.93 22.64 41.55 6.75
F-ratio 76.46 - 20.95 - 4.86 - 78.77 - 79.01 -
HSD, 45 0.40 0.06 0.16 7.96 229
HSD, g0, 0.53 0.07 0.21 10.53 3.02
Year
2003 742 136 1821 0.10 5.02 0.37 135.11 24.90 37.28 7.66
2004 6.76 1.33 18.49 0.14 5.02 0.46 124.98 24.99 33.84 7.04
2005 6.86 1.64 18.22 0.21 4.94 0.35 124.97 29.76 33.76 7.82
F-ratio 9.13 - 103.00 - 7.00 - 7.39 o 10.85 **
HSDj 45 0.35 0.05 0.14 6.89 1.98
HSDy 01 0.46 0.06 0.18 9.09 2.62

f) production of phytomass dry matter, ? concentration of gross energy,
% energy output in NEL, ©" P < 0.01

highest in intensive utilisation and lowest in extensive uti-
lisation. Phytomass and energy production had increased
by the fertilisation. Our results are in accordance with the
results of Holubek and Holtbek (2002). They
found that the production of NEL in relation 22.84-30.76
GJ.ha' is not affected by fertilised grassland and 43.08—
52.16 GJ.ha ' by grassland fertilised with dosage of nitro-
gen 180 kg.haﬁl.

Table 3 contains energy inputs according to the par-
ticular types of utilisation and fertilisation of the perma-
nent grasslands. Contribution of additional energy moved
from 2.17 GJ.ha ' to 22.70 GJ.ha™". Similar values were
found out also by Majernik etal. (2002) study of the
permanent grassland. The most demanding on energy in-
puts was the intensive grassland utilisation (average
12.26 GJ.ha "), less demanding was the medium intensive
(average 11.08 GJ ha™") and the least demanding was the
low intensive and the extensive (average 10.00 Glha™)
grassland utilisation. Energy contributions increased along
with the fertilisation intensity. Fig. 1 shows percentage of
the additional energy contributions for the particular com-
ponents. The values for fossil fuels energy inputs moved
on average from 16.17% (by the medium intensive utilisa-
tion) to 23.38% (by the intensive utilisation). Fertilizers
participated the most in the energy contribution. Their
share achieved up to 84.93% (1.D) by the intensive nitro-
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concentration of net energy of lactation,  energy output in gross energy,

gen fertilisation (dose of 180 kg N.ha™). Values for the
human labour moved on average from 1.22% to 1.81%.

On the basis of these markers we have calculated the
energy balance. Value of the energy benefit, coefficients
of the energy efficiency and energy need for production
1t DM are in Table 4.

The most important factor for the energy balance is
a ratio: agricultural yield energy output / input of the ad-
ditional energy to production process. Coefficients of en-
ergy efficiency counted from the gross energy moved from
5.70 (1.D, 2005) to 59,50 (3.A, 2003). We found the most
favourable values of this marker in low intensive utilisa-
tion. The energy effectiveness decreased by using of the
higher doses of the industrial fertilisers.

The highest average value of gross and net energy
benefit was noticed by low intensive utilisation
(129.64 GJ.ha ' BE; resp. 25.93 GJ.ha ' NEL). The second
highest energy benefit computed from gross energy was
by the extensive utilisation (116.21 Gl.ha'). When we
expressed the energy profit by NEL, we obtained the other
order. The second highest value of energy profit was in
medium intensive utilisation. The lowest values of energy
profit were in extensive utilisation.

Balla (1998) found out values of energy outputs
from 125.40 to 127.52 GJ.ha™' by growing of the clover-
grass mixtures on the arable land and coefficient of energy
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Table 3. Share of particular components in energy contribution (GJ ha™)

Utilisation Fertilisation Fuels Human labour Fertilisers Machinery Total
A 1.06 0.09 0.00 1.02 2.17

) B 1.30 0.09 2.27 1.27 4.94
E)’if;fgfsiav"ed C 1.41 0.11 9.69 1.52 1273
D 1.41 0.11 17.12 1.52 20.16

X 1.30 0.10 7.27 1.33 10.00

A 1.59 0.13 0.00 1.53 3.25

) B 1.84 0.14 2.27 1.78 6.02
Vedium c 1.94 0.15 9.69 2.03 13.82
D 1.94 0.15 17.12 2.03 21.24

X 1.83 0.14 7.27 1.84 11.08

A 2.13 0.17 0.00 2.04 434

B 2.37 0.18 2.27 2.29 7.10

Intensive C 247 0.19 9.69 2.54 14.90
D 2.58 0.21 17.12 2.79 22.70

X 2.39 0.19 7.27 2.42 12.26
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60%

%

40%
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0%

Fig. 1. Share of particular
components in energy con-
tribution in per cent
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efficiency was 5.71-6.62 commensurate with the growing
technologies. Porvaz and Jancovi¢ (2001) were
engaged in growing of alfalfa. They found out energy
inputs on the level of 22.27 GJ.ha™', outputs were
622.18 Gl.ha ' (total phytomass) and coefficient of energy
efficiency was 28.77. Comparing with our results and with
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results of Majernik etal. (2002) we can conclude that
production of feedstuffs is more energy demanding on the
arable land, assuming that nitrogen fertiliser doses will not
be higher than 100 kg. Nitrogen dose of 180 kg.ha™' caus-
es increasing of the energy intensiveness above level of
cereals grown on arable land.
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Table 4. Markers of the energy balance (average of 2003-2005)

EP (GE)” (Gl.ha™) EP (NEL)” (GJ.ha™) CEE (GE)® CEE (NEL) ¥ EN” (GI.t1)
Means Std. dev. Means Std. dev. Means Std. dev. Means Std. dev. Means Std. dev.
Utilisation
1 107.39 18.54 24.08 4.84 12.84 6.47 3.91 1.99 1.80 0.86
2 116.13 27.25 2423 6.77 16.43 10.10 4.55 2.80 1.54 0.81
3 129.64 21.20 25.93 5.50 23.74 17.67 6.07 4.51 126 0.78
4 116.21 18.12 21.56 4.88 2121 15.16 530 3.72 1.38 0.86
F-ratio 13.66 o 6.57 33.66 20.20 o 50.49 -
HSD, 5 7.61 2.18 3.07 0.66 0.12
HSDy 40, 10.05 2.88 4.05 0.87 0.16
Fertilisation
A 102.79 19.80 2528 5.65 36.83 13.66 9.69 3.21 0.57 0.22
B 107.71 18.52 25.03 4.84 19.80 5.05 5.34 1.14 0.98 0.26
6] 128.18 15.82 25.17 4.15 10.41 1.52 2.84 0.33 1.79 0.27
D 130.69 22.90 2031 6.53 7.18 1.19 1.96 0.31 2.63 0.45
F-ratio 32.41 11.92 - 251.37 279.97 - 766.79
HSDy 45 7.61 2.18 3.07 0.66 0.12
HSDj 41 10.05 2.88 4.05 0.87 0.16
Year
2003 124.27 21.79 26.44 7.31 20.94 16.41 5.71 432 1.41 0.86
2004 113.89 19.38 22.74 3.26 17.30 11.69 4.59 2.87 1.53 0.81
2005 113.87 25.69 22.66 5.09 17.42 12.29 457 2.92 1.54 0.89
F-ratio 7.77 - 12.56 o 8.10 - 13.22 - 6.50 -
HSD, 45 6.59 1.89 2.66 0.57 0.10
HSD, g0, 8.70 2.49 3.51 0.75 0.14

Yenergy benefit counted from gross energy, > energy benefit counted from NEL, ¥ coefficient of the energy efficiency counted from gross energy, ¥
coefficient of the energy efficiency counted from NEL, ¥ energy need for production 1t DM, ™ P < 0.01

Then it follows, that the most participate in energy
inputs and in energy benefit are industrial fertilisers. Ma-
chinery has an indispensable share on the energy inputs.
Its extent of contribution is equal as energy provided in
fuel form. Energy production increased by the fertilisation
with industrial fertilisers, but coefficient of energy effi-
ciency obviously decreased. Majernik et al. (2002)
published the similar conclusion.

LSD test confirmed that the nitrogen fertilisation has
more influence in energy production than only the phos-
phorus and potassium fertilisation. We noticed the sig-
nificant differences between the treatments with nitrogen
fertilisation and the treatments without nitrogen fertilisa-
tion (P < 0.01). The statistically significant differences
were between low intensive utilisation and the rests treat-
ments (P < 0.05). The utilisation and fertilisation mode
had influence on energy concentration. We noticed sig-
nificant differences between every mode of treatment.

Fig. 2 shows the evolution and relation between inputs
of additional energy and the concentration of NEL in dry
mater of growth. PozdiSek (2006) hold the NEL concentra-
tion of forage lower as 5.2 MJ .kg*] as forage of bad qual-
ity. From this figure caused that for forage production with
NEL concentration higher than 5.2 MJ .kgf1 we need pro-
vide 13.34 GJ.ha™' of additional energy.
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CONCLUSION

On the basis of our results we can conclude:

1. Energy inputs increased in this way: 4. (extensive) =
3. (low intensive) < 2. (medium intensive) < 1.(inten-
sive).

2. From the viewpoint of energy benefit and of intensive-
ness on energy inputs it appears the most available
grassland utilisation by 2 cuts per year (1% cut on June
15™ at the latest, 2™ cut after 90 days).

3. From the viewpoint of forage quality and the rational
utilisation of non recoverable energy we can consider
the medium intensive utilisation and the fertilisation
with 90 kg of nitrogen per ha as the most suitable.

4. Decreasing of inputs in form of the additional energy
is necessary to search in decrease of fuel consumption
and in rational nitrogen nutrition.
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Energeticka bilance riiznych zplisobi vyuZivani trvalych travnich porosti.
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V letech 20032005 jsme se v podminkach Hrubého Jeseniku zabyvali energetickou analyzou riiznych zpiisobi
vyuzivani TTP. V pokusu byly uplatnény tyto zptisoby vyuzivani: 1. intenzivni — Etyfi seCe za rok (prvni se¢ do 15. 5.,
nésledujici po 45 dnech), 2. stfedng intenzivni — tfi seCe za rok (1. se¢ od 16. do 31. 5., dal3i po 60 dnech), 3. malo
intenzivni — dv& se&e za rok (1. se¢ do 15. 6., druhd po 90 dnech), 4. extenzivni — dvé se&e za rok (prvni se€ od 16. do
30. 6., druha po 90 dnech). Varianty hnojeni byly nasledujici: A — bez hnojeni, B — P : K 30 : 60 kg.hafl, C-N:P:
K 90 :30:60 kg.ha’l, D-N:P:K180:30:60 kg.hafl. Kvantifikace energetickych vkladii, pouZité energetické
ekvivalenty a zptisoby vypottl a vyjadfeni vystupd energie byly uskutedn&ny podle metodiky Preiningera (1987).
Vystupy energie jsme vyjadfili jednak prostfednictvim brutto energie, kterou jsme vypotitali podle vzorce BE =
0,00588*NL + 0,01918*OH (MJ.kgfl) a net energie laktace, kterou jsme vypo¢itali podle vzorce NEL = ME*/0,463 +
0,24*(ME/BE)/ (MJ kg ™). Vypogitali jsme hodnoty jednotlivych vstupi dodatkové energie. Podle jednotlivych prato-
technik se vstupy energie pohybovaly od 2,17 GJ ha'do 22,70 Gl.ha . Nejvétsi &asti energetickych vkladi byla
hnojiva, kterd se na nich, pfi intenzivnim hnojeni dusikatymi hnojivy, podilela az do vysky 84,93 %. Nejvyssi prameér-
ny energeticky zisk brutto i net energie jsme zaznamenali u malo intenzivniho vyuzivani (primér 129,64 GJ ha”' BE
225,93 Gl.ha ' NEL). Nejvys3{ koeficient energetické Gi€innosti (23,74) jsme zaznamenali rovnéz u malo intenzivniho
vyuzivani TTP. Pouzivanim vys3ich davek primyslovych hnojiv se energetické efektivnost snizovala. Z hlediska ener-
getického zisku a naro¢nosti na vstupy energie se ukazuje nejvhodn&jii vyuzivani trvalych travnich porosti dvéma
setemi za rok (v terminu 1. se¢ do 15. 6., druhd po 90 dnech). Z hlediska kvality pice v kombinaci s vyuzitim neobno-
vitelnych zdrojdi energie miizeme povazovat stfedné intenzivni vyuZivani a davku dusiku v mnozstvi 90 kg na hektar
za nejvhodngjii. Péstitelsky ro¢nik, hnojenf a vyuZzivani TTP se na vynosu i energetickych ukazatelich projevil vy-
znamne.

net energie; energeticky zisk; hnojeni; pratotechnika; produkce fytomasy
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