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In 2003 2005 the energy analysis ofthe different types ofpermanent grassland utilisation was carried out in the Hrubý Jeseník local-
iq'. We used the following intensity of utilisation: 1. intensive _ 4 cuts per yeaÍ (l't cut up to 15'h May, every next after 45 days),
2. medium intensive - 3 cuts per year (1't cut from 16th to 31" May, every next after 60 days), 3. 1ow intensive - 2 cuts per year
(1't cut up to 15th June, 2"d after 90 days), 4. extensive - 2 cuts per year (1" cut from 16th to 3Oth June, 2nd after 90 days). There were
estimated values of the particular inputs of additional energy. Energy inputs moved according to the pratotechnologies from2.l7
GJ.hďl to 22.7O GI.hďI . 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 wasmarked by a low intensive utilisation (129.64 GJ.hďl gross energy and 25.93 GJ.hďl
NEL on average). The highest value of energy efficiency (23.74) was marked by low intensive utilisation of permanent grassland.
The energy efÍiciency decreased using ofhigher doses ofindustrial fer1ilizers. From view ofenergy benefit and intensiveness on
energy inputs it appears the most available utilisation of permanent grassland with two cuts per yeaÍ ( 1" cut on June l5th at the latest,
2nd cut after 90 days).

net energy; energy benefit; fertilisation; pratotechnology; production of phytomass

INTRODUCTION

Withdrawal from the intensive plant production to sus-
tainable management has fallout mainly on energy man-
agement, ecological carrying capacíty and economical
efficiency ofnew technologies. Agriculfure 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 (P o s p i -

šil, Vilček,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
feftilisation, 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 (K otoro v á eta1.,2004).

The issues are environmental, pafticularly for the con-
trol ofgreenhouse gas emissions and also for the evalua-
tion ofthe 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 ofsustainability ofagricultural process (B o i s -

vert, Ho1ec,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 ís true in any farming process, and to explore the
causes of variations in energy results (R i s o u d , C h o -
pinet,1999).

There are various points ofview ofenergy balance of
grown plants. Most of studies about energy balance is en-
gaged in plants grown on the arable land. It is evaluated
ferlilizer's effectiveness, efficiency of pesticides and vari-
ous ways of soil tilling or energetic influence ofpreceding
crops, varieties and various agro-ecological conditions
(K o v á č ,1998; R i s o u d, B o chu ,2002; P o s p i š i l ,

2002).
The aim of this study was to analyse and to quantif'

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 Rapotín holdings. The locality is situated in 390-
402 m above sea level and it comes under the geomorpho-
logic division Hrubý Jeseník. 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 mt. The years 2003 2005
were wanner 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 30 I 8.
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Table 1. Overview of rainfall and average monthly temperatures

Year Month I II III. IV. VI VII. VIII x. X. XI- XII.

2003
Precipitation (mm)

Temperature ('C)

74.6

-6.0

18.7

-14.3

30.9

-3.8

25.8

6.7

80.8

15.5

32.r

18.4

59.8

18.3

25.9

19.2

23.7

1,2.2

70.2

5.1

24.8

5.2

76.3

4'7

2004
Precipitation (mm)

Temperature (oC)

96.9

-9.7

3 t.8

-1.4

I 1.9

2.2

34.3

8.93

20.9

l 1.6

65.4

154

5t.5

16.93

59.3

17.5

41.0

12.1

49.8

9.4

1 14.1

3.43

40.9

1.1

2005
Precipitation (mm)

Temperature (oC)

90.0

-1.3

4s.0

4.5
27.5

-0.'7

23.5

8.9

76.0

12.7

50.0

15.6

78.0

18.3

69.0

15.7

19.0

13.4

56

4.9

r20

3.1

Long-term
mean

Precipitation (mm)

Temperature ('C)

5 5.5

4.9
39

1.9 -0.5

36.3

4.8

68.6

10.8

82.6

14.2

77.5

147

74.4

13.'.7

51 .8

9.8

45.7

5.4

58.8

2.r

67.9

-2.3

cipitations years 2003 ald 2004 were dry and the year
2005 was normal. Table I shows temperatures and pre-

cipitations during observed period and long-tem means.

on the peÍmanent grassland these species are domi-
nant'. Taraxqcum sect. Ruderalia (27-60%), Poa pratentis
(23-60%), Dactylis glomerata (2I-54%), Elytrygia re-
pens (Í0_250Á), Trifolium repens (317%), Achillea mille-

folium (3-25%), Lolium perenne (4-18%) and rest (0-
10'Á, Festuca arundinacea, F' pratensis, Bromus
hor de a c eus, Al op e curus pr at ens i s, Cr epis b i ennis).

Intensity of utilisation:
1. intensive - 4 cuts per year (1't cut on May 15ů at the

latest, next after 45 days)
2. medium intensive - 3 cuts per year (l'tcut on May 31't

at the latest, next after 60 days)
3. low intensive 2 cuts per year (1't cut on June 15ú at

the latest, 2nd cut after 90 days)
4. extensive - 2 cuts per year (1'tcut on June 30th at the

latest,2"dcut after 90 days)

Nutrition and fertilisation:
A - no ferlilisation
B - P:K 30:60 kg.hď'
C -N:P:K 90:30;60 kg.hď1
D -N:P:K 180:30:60 kg.hďl

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: l/3 in spring,
1 13 after ťtrst cut ar'ď 1 13 after second cut by intensive and

medium intensive treatment and Il2 in spring and ll2 after
first cut by low intensive and extensive treaÍnent'

We used the following equation for the dry mater gross

energy (BE) expression (Sommer et aL, 1994):

BE: 0.00588*CP + 0.01918xOM (MJ.kg-')

Net energy was evaluated by equation:

NEL: ME*/0.463 + 0.24*(MEIBE)/ (MJ.kg 1)

Where: CP - crude protein, OM - organic matter, ME -
metabolizable energy

Metabolizable energy was evaluated by equation

ME : 0.00137*DCP + 0.01504*DOM

Where: DCP - dígestible crude protein, DoM - digestible
organic matter

The energy contribution quantification, the used en-

ergy equivalents and methods of the calculations were
realízed accordíng 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.hďl)
2. Energy in machines (GJ.hďl)
3. Fuel consumption (1.hď')
4. Amount of the human labour (h.hď')

on the basís of these energy values it was counted:

- Energy benefit:

EP (GJ.hďl): energy of phytomass - energy inputs

- Energy need for productíon l t DM:

EN : energy inputs / yield of phytomass

- Coefficíent of the energy efficiency:

CEE: energy of phyomass / energy inputs.

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

RESULTS AND DISCUSSION

Table2 shows the values of the phytomass production
and energy outputs. The highest values ofphytomass pro-

duction and concentration ofgross 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 Kubíčková-
Hanušová et al. (2006). The content ofNEL was the

SCIENTIAAGRICULTURAE BOHEMICA, 3 B, 2007 (2): 58-63 59



Table 2. Energy and phytomass production (average of 2003-2005)

FMr)it.hď'.) conc. GE2)Grar.kg-t) conc. NEL3)(MJ.kg t) GEo)(GJ'hď1) NELs) (GJ.hď')

Means Std. dev. Means Std. dev. Means Std. dev. Means Std. dev. Means Std. dev

Utilisation

1

2

3

4

F-ratio

HSD0(rs

HSD0ool

6. s8

6.97

7.62

6.89

10.r7

0.40

0.53

|.27

r.72

r.42

1.26
+

r8.2],

18.29

1,8.37

18.35

17.00

0.06

0.07

0.13

0.20

0.24

0. 18

s.55

s.09

4.73

4.60

466.8

0. 16

0.2r

0. l9

0. 15

0.r2

0.1 1

l 19.83

127.39

139.81

t26.39

1r.28

7.96

I 0.53

23.54

3 1.50

25.66

23.03
++

36.51

35.49

36.1r

31.73

9.'12

2.29

302

7.27

9.05

7.25

6.00
++

Fertilisation

A
B

C

D

F-ratio

HSD0os

HSD0 oor

5.77

6.25

7.76

8.2'.7

76.46

0.40

0.53

1.08

1.00

0.86

1.23

++

r8.37

1 8.19

r8.29

18.3 ó

20.95

0.06

0 0'7

0.23

0. 15

0.21

0.16
+

4.94

4.97

5.02

s.03

4.86

0.16

0.2r

0.43

0.36

0.34

0.44

r 05.95

1r3.64

141.90

r 51 .93

78.'.7'.7

7.96

1 0.53

19.48

18. 10

15.47

22.64
#

28.44

30.96

38.89

41.55

79.01

2.29

302

5.67

4.75

/ a<

6.75
+

Year

2003

2004

2005

F-ratio

HSD005

HSD0 oor

7.42

6.76

6.86

9.13

0.35

0.46

|.36

1.33

1.64
++

18.21.

18.49

18.22

103.00

0.05

006

0.10

0. l4

0.2r
+

5.02

5.02

4.94

7.00

0.14

0. 18

0.37

0.46

0.3 5

135.1 1

r24.98

124.97

7.39

6.89

9.09

24.90

24.99

29.76
+

37.28

33.84

33.76

10.85

r.98

2.62

7.66

7.04

7.82
+

r)production of phytomass dry matter, 
2) concentration of gross energy, 

3) concentration of net energy of lactation, o) energy output in gross energy.
t) 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 Holúbek and Holúbek (2002). They
found that the production of NEL in relation 22.8410.16
GJ.hď' is not affected by fertilised grassland and 43.08

52.l6 GJ'hďlby grassland fer1ilised with dosage of nitro-
gen 180 kg.hďl.

Table 3 contains energy ínputs according to the par-

ticular ýpes of utilisation and fertilisation of the pelma-
nent grasslands. Contribution of additional energy moved
from 2.11 GJ.hďl b 22.70 GJ.hďl. Similar values weťe

found out also by M aj e rn ík et aI. (2002) study of the

peÍnanent grassland. The most demanding on energy in-
puts was the intensive grassland utilisation (average

12.26 GI.hď|), less demanding was the medium intensive
(average 1l.08 GJ.hďl) and the least demanding was the

low intensive and the extensive (average 10.00 GJ.hď')
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%o (by the medium intensive utilisa-
tion) to 2338% (by the intensive utilisation). Ferlilizers
participated the most in the energy contribution. Their
share achieved up to 84.93% (1.D) by the intensive nitro-

60

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

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

The most important factor for the energy balance is
a ratio: agricultural yield energy output / input ofthe ad-

ditional energy to production process. Coefficients ofen-
ergy efTiciency counted from the gross energy moved from
5.70 ( I .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 ofthe
higher doses ofthe industrial feftilisers.

The highest average value of gross and net energy
benefit was noticed by low intensive utilisation
(129.64 GJ.hď' BE;resp.25.93 GJ.hďlNEL)' The second
highest energy benefit computed from gross energy was

by the extensive utilisation (116.21GJ.hď'). 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 I25 .4O to I2'7 .52 GJ.hďl by growing of the clover-
grass mixtrrres on the arable land and coeÍÍicient of energy
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Utilisation Fertilisation Fuels Human labour Fertilisers Machinery Total

Extensive and

low intensive

A
B

C

D

06

30

4I

41

0.09

0.09

0.1 1

0.1 l

0.00

2.27

9.69

17.12

02

27

52

52

2.17

4.94

12 73

20 16

x .30 0. 0 't 1'7 .33 10.00

Medium
intensive

A
B

C

D

59

84

94

94

0.

0.

0.

0

3

4

5

5

0.00

2.27

9.69

17.r2

1.53

1.78

2.03

2.03

3.25

6.02

13.82

1l f r'

.T 83 0. 4 7.27 84 I 1.08

Intensive

A

B

C

D

213

1.3 I

) Á1

2.s8

0.17

018

0.19

0.2r

0.00

2.27

9.69

1'.7.12

2.04

2.29

2.s4

2.79

4.34

7.r0

14.90

22 70

Í 2.39 0.19 11'7 111 12.26

Table 3. Share ofparticular components in energy contribution (GJ.hď')

1000/0

8Or/o

600/o

40vo

200/o

0%

4,80 5,00 5,20 5,40

NEL concentration IMJ.kg'1]

efficiency was 5.71-6.62 commensurate with the growing
technologies. Porvaz and J ančoVič (2001) were

engaged in growing of alfalfa. They found out energy
inputs on the level of 22.27 GJ.ha r, outputs were
622.18 GJ.hď' (totalphytomasS) and coefficient of energy

efficiency was28.'71 . Comparing with our results and with

SCIENTIAAGRICULIURAE BOHEMICA. 38,200'7 (2): 58-63

Fig. l. Share ofparticular
components in energy con-
tribution in per cent

Fig. 2. Comparison between increase of addi-
tional energy inputs and NEL concentration in
DM

5,60 5,80 6,00

results of M aj ern ík etalr.(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.hďl caus-

es increasing of the energy intensiveness above level of
cereals grown on arable land.

-20'c

-i
9rs
o

'E ro

P(,
ut5

E Human labour

E l\4achinery

N Fertilisers

g Fuels

Utilis ation and fe rtilisation

y =8,0432x-28,485
R2 = 0.63

r= u./v
n= 192

61



Table 4. Markers ofthe energy balance (average of2003-2005)

EP (GE)') (GJ'hď') EP (NEL)'?) (GJ.hďl) cEE (cD3) cEE (NEL) 4) ENs)(cJ.a')

Means Std. dev. Means Std. dev. Means Std. dev Means Std. dev Means Std. dev,

Utilisation

I

2

3

4

F-ratio

HSD005

HSDo {ror

107.39

I 16.13

129.64

116.21

13.66

7.61

10.05

18.54

27.25

21 20

I 8.12
++

24.08

24.23

25.93

21 56

6.57

2.18

2.88

4.84

6.77

5.50

4.88
+

12.84

16.43

23.74

2r.21

33.66

3.0'7

405

6.47

10. l0

r7.67

15.16
++

3.91

4.55

6.07

5.3 0

20.20

0.66

0,87

1,.99

2.80

4.51

5./.L

++

1.80

t.s4

r26

138

50.49

0.r2

0. 16

0.86

0.81

0.78

0.86
+

Fertilisation

A
B

C

D

F-ratio

HSDo05

HSD^^^,

r02.79

107 .71

128.1 8

130.69

32.41

7.61

10.05

19.80

18.52

15.82

22.90
#

2s.28

2s.03

25.1'.7

20.31,

1r.92

2.r8

288

5 'ó5

4.84

415

6.s3
++

36.83

19.80

10.41

7. 18

25Í.37

3.07

405

13.66

5.05

r.52

1. l9

9.69

s.34

2.&4

r.96

279.97

0.66

0.87

3.2r

T.14

0.33

0.31
++

0.57

0.98

1.79

2.63

766.79

0.12

0.l6

0.22

0.26

0.27

0.45

Year

2003

2004

2005

F-ratio

HSD005

HSD0 oor

r24.27

1 13.89

1 13.87

7.77

6.s9

870

2r.79

19.38

25.69
++

26.44

22.74

22.66

12.56

189

2.49

'7.31

3.26

5.09
++

20.94

r'7.30

r7.42

8.10

2.66

351

16.41

11.69

12.29
++

5.71

4.59

4.57

13.22

0.57

0.15

+.JZ

2.87

2.92
++

t.4r

1.53

1.54

6.50

0. 10

0.14

0.86

0.81

0.89

r) 
energy benefit counted from gross energy, 

t) energy benefit counted from NEL, 3)coefficient ofthe energy efficiency counted from gross energy', 
o)

coeffrcient ofthe energy efficiency counted from NEL, ') energy need for production 1 t 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' Majerník 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 ín dry
mater of growth. Pozdíšek (2006) hold the NEL concentra-
tion of forage lower as 5.2 MJ.kg-t as forage of bad qual-
ity. From this f,rgure caused that for forage production with
NEL concentration higher than 5.2 MJ.kg-l we need pro-
vide 13.34 GJ.hď' of additional energy.

CONCLUSION

On the basis of our results we can conclude:
l. Energy inputs increased in this way 4. (extensive) :

3. (low intensive) < 2. (medium intensive) < 1.(inten-
sive).

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 ( I't cut on June
1 5th at the latest, 2nd cut after 90 days).

From the viewpoint of forage quality and the rational
utilisation ofnon recoverable energy we can consider
the medium intensive utilisation and the fertilisation
with 90 kg of nitrogen per ha as the most suitable.
Decreasing of inputs in form of the additional energy
is necessary to search in decrease offuel consumption
and in rational nitrogen nutrilion.
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Energetická bilance různých způsobů využívání trvalých travních porostů.

Scientia Agric. Bohem ., 3 8, 2007 : 5 8-63 .

V letech 2113_2005jsme se v podmínkách Hrubého Jeseníku zabývali energetickou analýzourizných způsobů

vyuŽíváníTTP. V pokusu byly uplatněny týo způsoby lryuŽivát't|. 1. intenzivní - čtyři seěe za rok (první seč do 15' 5',

následující po 45 dnech), z. 
'tr.ane 

intánzivní - tři seče za rok (I. seč od 16. do 3 l. 5., další po 60 dnech), 3. málo

intenzivní-dvěseče zaiok(1.sečdo15.6.,druhápo90dnech),4.extenzivní-dvěSečezarok(prvnísečod_l6'do
30' 6., druhápo 90 dnech). ůríantyhnojeníbyly následující: A-bez hnojení, B -P:K30:60 kg.ha-'' C N: P:

iisó,j0:o'otg.na',D-N:P:K180:30:60kg.ha-'.Kvantifikaceenergetickýchvkladů,použitéenergetické
ekvivalenty a zpísoby ýpočtů a vyjádření lystupů energie byly uskutečněny podle metodiky Preiningera (1987)'

Výstupy energie ;sme r,1,jaorili jednak prostřednictvím brutto energie, kterou jsme lypočítali podle vzorce BE :

o,boss8*NL i o,otgtg*óH (MJ.kg-t) a net energie laktace, kterou jsme vypočítali podle vzorce NEL: ME*/0,463 +

oi,z+*1urnp;y (MJ.k'l). Vypočitáli jsme hodnoý jednotliých vstupů dodatkové energie. Podle jednotliqých prato-

technik se vstupy 
"n..gí. 

poi'yuouutý od 2,1] GJ.hď1 do 22,70 GJ.hď'. Největší částí energetickych vkladů byla

hnojiva, která se na 
''icň 

pri inienzivním hnojení dusíkaými hnojily, podílela až do qýšky 84,93 9/o. Neivyšší pruměr-

nÝ enersetický zisk brutto i net energie jsme zaznamenali u málo intenzivního vyuŽíváni 1p'.'-e. 129,64 GJ.hď1 BE

izi,iz]i 'ni' NnL; ' Nejlyšší koeficient energetické účinnosti (23 ,7 4) jsme zaznamenali rovněž u málo intenzivního

vyuŽíváníTTP. Používánim-vyšších dávek prumyslov,ých hnojiv se energetická efektivnost snižovala. Z hlediska ener-

gltického zisku a náročnosti na vstupy energie se ukazuje nejvhodnější lryužíváni trvalých travních porostu dvěma

sečemi za rok (v tetmínu 1. seč do 15. 6., druhá po 90 dnech). Z hlediska kvality píce v kombinaci s lyužitím neobno-

vite1ných zdrojů energie můŽeme povaŽovat strádnc intenzivní vyuŽívatí a dávku dusíku v množStví 90 kg na hektar

,u rr.1ut'odne;si. eertit"lrq7 ročnít' hnojení a*1luŽíváni TTP se na qýnosu i energetických ukazatelích projevil ý-
znamně.

net energie; energetický zisk; hnojení; pratotechníka; produkce $ltomasy
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