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Interest in varieties for low-input growing, for ecological agriculture, or for conditions with controlled regime of growing, such
as protected landscape regions and zones of hygienic protection of water resources, have came to the front position of concem
in recent years. However, general recommendations or general characteristics of spring barley varieties suitable for ecological
agriculture cannot be deduced from the above results of variety trials. The occuÍTence of some varieties in front positions would
indicate some reactions to low inputs and suitability into conditions of ecological agriculture, but it is not statisticďly significant.
It has been proved that varieties with highest yields in ecological agriculture were often most yielding also in conventional
growing. Therefore, it can be presupposed that most yielding varieties with good health condition will be suitable ďso for
ecological growing. It would follow from this that it would not be necessary to test the suitability of spring barley varieties for
ecological agriculture in separate experiments. It has been confirmed from evaluation ofmalting quality of spring barley varieties
from ecologicď and conventional (intensive) growing that most of indicators of malting quality are decisively affected by weather
pattem in experimentď year. The differences that arose can be explained by evaluation of pattern of weather and precipitation.
In majority of quality traits was manifested stronger effect of weather than nitrogen fertilization or growing system. Significant
differences among years were recorded in the content of nitrogen substances, in relative extract, Kolbach index, diastatic power
and degree of fermentation. The growing system was displayed most in the content of B-glucans where its content was surprisingly
low in ecological growing, the effect of growing system was partly proved also in Kolbach index and friability. It has been
confirmed that ecological growing brought better mďting quality of barley than conventionď system. It was proved convincingly
by the so-cďled indicator of malting quality that was higher by 1.3 points in ecological growing than in conventional system.

barley; ecological agriculture; yield; malting quality

INTRODUCTION

In recent decades we have met Searching for ďtema-
tives to conventional, intensive growing of field crops.
There are severď reasons' of which over-production in
the countries with developed agriculture is certainly
dominant together with increasing prices of inputs and
falling prices of products. Support of programmes to de-
crease intensity of growing of main crops follows from
it in the countries of the European Union, while respect-
ing principles of continuous-sustainable agriculture.

Integrated systems of management aÍe among alterna-
tives, followed by low-input growing and development
of ecological agriculture. However, it should be empha-
sised that these systems do not mean only limitations or
discharge of agrochemicals, but they also represent
a complex, scientifically prepared growing system with
a lot of measures that contribute to elimination or substi-
tution of these inputs. The same like in the other systems
of growing, suitable varieties play here an important role.
The aim ofour research was searching for these varieties
in spring barley.

The problem of varieties suitable for low-input grow-
ing, and hence ďso varieties for ecologicď agriculture,
is topical more than twenty years. The most detailed
knowledge from this field were brought by the confer-
ence of breeders in Gumpenstein in 1990 (Kratz s ch,
Damisch, 1990; Haas, Friedt, 1990).

Such a variety can be included into low input growing
that reaches identically high yields under lower inputs
compared with the other varieties cultivated convention-
ďly. It can utilise nutrients better and other growing fac-
tors and is adequately resistant to diseases and well reacts
to procedures controlling harmful agents, weeds, dis-
eases and pests.

Since 1980 many publications have been written
studying the first of all the tasks of the utilisation of
nutrients in different varieties and conclusions following
from it regarding suitability for low-input growing
(Sarič, Loughman' 1983; El Bassam et ď.,
1990; Attene et aI., 1996). Complex solution and
hence a rigorous requirement have been appeared with
the development of ecological agriculture, where ďong
with efficiency of nutrients comes ďso competitiveness
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against weeds and more perÍnanent resistance to diseases
(Pommer' 1985; Kópke,1990). Variety trials for
ecological agriculture and low-input growing procedure
were carried out in Scotland by Richards (1990),
who found different behaviour of varieties and thus also
a suitability for these methods of growing. Modern high
yielding varieties with a good resistance to diseases were
mostly well manifested. This author studied and ďso
confirmed a different competitive ability of varieties
against weeds (Richards, 1990). Eltun (1996)
found lower yields by 20-337o in spring barley in eco-
logical growing compared with conventional growing.
Habětínek (1994) studied the varieties suitable for
ecologicď agriculture under conditions of the Czech Re-
public in 1991 and 1992 and found the highest yields in
barley varieties Orbit and Akcent. In Slovakia
D r o b n ý et al. (1994) carried out such trials. We re-
ported earlier a yield response to low inputs in winter
wheat (Petr, Šterik, 1999) aÍld we found signifi-
cant differences among varieties. It has been proved that
these are modern varieties of the present assortment and
we mentioned their characteristic traits and qualities and
peculiarities of yield formation. However, in spring bar-
ley varieties we expect different behaviour, because bar-
ley, particularly that intended for malting purposes, is
generally less demanding for intensification inputs, va-
rieties are of rather similar breeding origin and identical
character of yield formation.

The quality ofproduction from ecological agriculture
is usually characterised by decrease in the content of
crude proteins, percentage of front grain (E I t u n , 1996).
Complex evaluation of mďting quality has not been pub-
lished till now.

MATERIAL AND METHODS

Traditional variety trials were conducted during six
years by the method used for testing and registration of
varieties by the state control and testing institute Úr<zÚz
(Central Institute for Supervising and Testing in Agricul-
ture).

The triďs were established at the Experimentď Sta-
tion of the Czech University of Agriculture Prague-
Uhříněves under ecological growing witl out fertilizers
and pesticides according to IFOAM (International .':d-
eration of Organic Agriculture Movements) rnd lv{eth-
odologicď Instruction for Ecologicď Agri'ulture clf the
Czech Republic. Pedological survey was carried out to
assess the uniformity of plot and th r .ontent of heavy
metďs and foreign substances. Fďl-ouis of these sub-
stances that are below limit values are monitored at the
site of experiments. The experiments were established by
the split-plot method. Sowing was done in the first April
days. The stands were dragged with weed harrow to re-
duce the weeds.

The Station is situated in fertile sugar beet-growing
region at the altitude 295 m above sea level with luvisol
clay soils and their production capacity 84 points. The

,,

content of available nutrients in soil (Mehlich II) in ex-
perimental years on the plot of trials ranged in mg&g:
P 94-96, K 173-188, Mg 112-129, Ca 2130-3263, pH
6.88-1 .23, the humus content fluctuated between 1..6Vo

and 2.537o. The N6n content ranged in spring about
12 mgkg into the depth of 30 cm.

We evďuated also the yields from intensively con-
ducted experimental trial at the Breeding Station in
Stupice for comparison. There are practically identical
soil and weather conditions together with the same
weather pattern, the same seed was used, identical fertil-
isers were applied, seed-treated and the same herbicides
or insecticides were used. Sugar beet was used as a fore-
crop with ploughed in trash. More favourable soil reac-
tion, high P content, good K content, lower content of
Mg and Ca and less favourable ratio Mg : K were re-
corded in Stupice. The content of mineral nitrogen
(Nnir,) at the G-30 cm depth of soil was higher in major-
ity of months in Stupice than in Uhříněves, except June
and July of 1996 (S t e h n o , 1998). Fertilizers were ap-
plied in the form of the combined fertilizer NPK close
before sowing at the rate of 30-40 ke N, 30_40 kg P2O5
and 3G-40 kg K2O. Herbicides were applied post-emer-
gently and also insecticide against white cockle (Lema
malanopus) was used in 1991 .

Complete analyses of malting quality were performed
after the harvest in the laboratories of the Brewery and
Malting Research Institute Brno. The samples were
malted in micro-malthouse by the procedure as recom-
mended for international tests EBC and modified by the
mentioned institute that consists in shortening of the total
malting time from 168 hours to I44 hours (Psota et
a1.' 1998). Barley and produced mďt were analysed by
the methodologies EBC (1987) and MEBAK (1979).
The trial included the best-known Czech and Slovak va-
rieties of malting barley: Akcent, Amulet, Jubilant,
Sladko, Kompakt and Forum.

The vďues of quality indices can be assessed by judg-
ing, number of points which is 9 points for the best
values and 1 point for the worst vďues. The importance
of a trait that is 0.25 for the contents of extract in relative
extract (RE) at 45 'C and for the remaining traits it is
only 0.1. Then we can express each vďue in point ratings
and determine the so-cďled "indicator of malting qual-
ity". That was done for average values from three-year
trials where each trait, its average value are evaluated in
point ratings.

The results were evaluated by the statistical program
SAS, version 6.12,the method of variance analysis, mul-
tiple comparison of means ďter Tukey.

The weather pattern is in Table I.

RESULTS

The set of varieties was partially changing over the
experimentď years. Deleted varieties were excluded and
the varieties newly registered in the State Variety Book
were included.
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I. Weather pattern in experimental years 1994-1999' average monthly ař temperature ('C) and monthly sum of precipitation (mrn)

Year 1993^1994 r994-1995 r995-1996 r996*199'I 199'7-1998 1998-1999 Long-term average

Month .C lnm .C mm "C mm "C mm "C mm "C mm .C mm

9.

10.

11.

12.

1.

2.

-t-

4.

5.

6.

7.

8.

13.1

8.3

1.1

3.5

3.0

-0.2

6.9

8.9

13;1

17.5

22.4

l 8.l

68.0

48.3

50.2

52.8

1'7.0

15.4

'75.4

48.2

'76.2

46.6

35.4

84.4

14.4

6.9

6.'7

-2.6
_0'ó

5.2

3.5

9.5

13.2

15.5

2I.I

18.7

56.5

309

22.7

55.1

z'7.r

Í2.4

b3. l

0.0

1r5.2

89.4

32.6

99.3

13.2

10.9

r.7

-r.4

-3.5

-3.0
0.3

9.5

13.0

16.8

16.5

r7.6

89.2

10.3

3 1.5

30.6

9.8

19.9

2r.8

23.3

t 69.7

t 10.6

105.7

5'7.5

r0.7

9.8

5.2

4.4
4.4

3.4

5.2

6.3

14.6

r7.0

I'7.8

19.5

48.9

23.r

28.6

21.5

2r.5

22.4

44.8

35.1

25.7

84.1

IIO.2

60.5

13.'7

'7.2

i.J

1.9

1.6

4.4

4.7

11.1

15.0

18.1

18.0

r8.2

4r.5

34.1

38.1

46.4

12.9

14.1

3 8.1

9.9

27.0

t01 .1

89.0

30.3

r7.3

9.3

2.9

1.7

1.5

-0.2

5-9'.

10.1

i5.1

18. r

19.8

r'7.-/

57.6

24.3

22.6

33.1

34.r

29.2

26.9

18.5

54.1

66.8

78. I

33.9

14.0

8.6

3.2

-0.5

-2.r

-0.8
3.4

8.2

13.4

r6.3

18.2

r7.5

49.0

41.0

34.4

34.0

28.0

z'7.0

3 1.0

46.0

65.0

74.0

'74.0

72.0

Annual average of
temparatureslsum

of precipitation
9.7 618 9.3 605 7.6 680 8.4 526 9.8 489 9.9 419 8.3 5'7 5

II. Yields of spring barley varieties in Uhříněves and Stupice 1994-1996

r994
Uhříněves

(ECo)
Stupice
(INT) 1 995

Uhříněves
(ECo)

Stupice
ONT)

r996 Uhříněves
(ECo)

Stupice
(INT)

Variety yield (t/ha) yield (t/ha) variety yield (t/ha) yietd (t/ha) variety yield (t/ha) yield (t/ha)

Jarek

Jubilant

Orbit

Ladík

Profit

Pax

Novum

Sladko

Viktor

Krystal

Stabil

Akcent

Svit

Temo

Rubín

Jaspis

Malvaz

Forum

Min. signif.
difference

6.6r

6.32

6.25

6-r6

6.09

6.08

6.01

5.95

5.93

5.9r

5.90

5.89

5.84

5.74

5.72

5.35

5.25

5.1 1

0.885

6.26

ó.56

6.39

6.3r

6.'.7r

6.5'7

6.50

5.'75

6.35

6.34

6.81

6.51

6.35

6.35

5.83

6.68

6.31

6.27

0.51 0

Amulet

Pax

Orbit

Terno

Viktor

Primus

Stabil

Forum

Novum

Akcent

Lumar

Kompakt

Jarek

Jubilant

Sladko

Ladík

Jaspis

Profit

Svit

Rubín

Malvaz

min. signif.
difference

6."1'7

6.5 i
6.46

6.24

5.90

5.'14

5.68

5.6'7

5.58

5.56

5.52

5.46

5.34

5.24

5.13

5.r2

5.10

5.01

4.99

4.85

4.'16

1 .141

6.36

5.88

6.28

6.07

ó.13

5.72

6.06

5.79

5.50

6.r6

5.87

5.57

5.64

5.51

5.44

5.97

5.39

5.6r

5.80

5.39

5.03

0.540

Pejas

Amulet

Krona

Sladko

Lumar

Forum

Famin

Signal

Rubín

Primus

Pax

Viktor

Ditta

Jarek

Stabil

Atribut

Ladík

Novum

Terno

Akcent

Kompakt

Olbram

Orbit

Jubilant

min. signif.
difference

5.62

5.43

5.15

5.07

5.04

4.97

4.89

4;78

4;77

4;71

4.66

4.6t

4-60

4.54

+-23

4.19

4.14

4.13

3.99

3- t -1

3.10

3.66

3.65

3.64

1.451

5.9'l

4.89

5.44

4.80

5-62

6.03

5.04

s.78

4.84

5.37

5.55

5.38

5.89

4.84

5.36

5.36

5.02

5.21

5.03

4.6r

5. 18

4.98

5.88

4.49

0.6'70
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III. Yields of spring barley varieties in Uhříněves and Stupice 199'7_1999

199'7
Uhříněves

(ECO)
Stupice
(INT) t998

Uhříněves
(ECO)

Stupice
(INT) I 999

Uhříněves
(ECo)

Stupice
(INT)

Variety yield (t/ha) yield (t/ha) variety yield (t/ha) yield (tlha) variety yield (t/ha) yield (ťha)

Scarlett

Lumar

Ditta

Pejas

Signal

Viktor

Atribut

Forum

Amulet

Kompakt

Stabil

Krona

Novum

Famin

Primus

Tolar

Pax

Jubilant

Olbram

Akcent

Sladko

Min. signif
difference

6. 13

6.05

5.9'7

5.96

5.93

5.9r

5.83

5.75

5.7 r

5.'7 r

5.70

5.69

5.60

5.43

5.37

5.36

5.13

4.96

4.94

4.75

4.70

1.480

6.90

6.52

6.49

6.82

6.52

6.89

6.3r

ó.38

6.2r

5.72

6.19

6.56

6.32

5.87

6.52

6.78

6.35

5.83

5.72

s.99

5.80

0.440

Lumar

Primus

Madonna

Nordus

Akcent

Amulet

Scarlett

Heris

prosa

Ditta

Tolar

Kompakt

Atribut

Forum

Novum

Famin

Olbram

Pejas

Pax

Krona

min. signif.
difference

4.70

4.48

4-28

3.9r

3.'7'7

3.75

Lt-,

3.',72

3'ó8

3.58

3.54

3.53

3.51

3-44

3.30

3.20

3.18

3.02

2.83

2.66

2.163

5.09

5.34

5.62

5.33

5.47

4.89

5.53

5.31

5.69

5.52

5.06

5.51

5.22

5.43

5.24

5.39

5.25

5.15

4.99

5.26

0.460

Forum

Primus

Orthega

Prosa

Tolar

Scarlett

Atribut

Heris

Ditta

Maridol

Pax

Madonna

Madeira

Nordus

Amulet

Pejas

Novum

Olbram

Akcent

Kompakt

Krona

min. signif.
difference

5.49

5.45

5.43

5.33

5.05

5.02

4.98

4.94

4-87

4.86

4.84

4.5r

4.43

4.35

4.24

4.16

4.08

4.03

3.90

3.67

3.61

r.62t1

7.36

7.35

7.85

7.72

7.60

7.47

'7.09

8.r2

7.54

7.48

7 -77

7.95

7.22

'7.3'7

7. 18

7.46

7.42

7.47

7.O5

7 -54

'7.19

0.320

Winter wheat was used as a forecrop in experiments

in the years 1994-1996. Yield sequence of varieties was

different each year. In 1994 the varieties Jarek, Jubilant
and Orbit were dominant. In intensive trial the varieties
Stabil, Profit and Jaspis were the most yielding. The
yield of set of varieties ecologically cultivated was lower
by 0.49 tons than the yield of intensively cultivated set.

In 1995 the varieties Amulet, Pax and Orbit were the

most yielding in ecological growing, and Amulet, Orbit
and Akcent in intensive growing. The difference between

both these growing systems was identical with that in the

previous yeaÍ _ 0.48 tons, i.e. 8%.

The year 1996 was unfavourable regarding weather
pattern what has been manifested on the lower level of
yields particularly in ecological $owing. The varieties
Pejas, Amulet, Krona and Sladko were the most yielding
in the latter system, while Forum, Pejas, Ditta and Orbit
were most yielding in intensive growing. The difference
in the yield between both these systems was much
greater under unfavourable weather (0.95 tons), i.e. 18%.

In further years the pea was a forecrop. In 1997 the

varieties Lunar, Pejas, Signal and Viktor brought the

highest yields. The varieties Scarlet, Viktor, Pejas, Tolar
and KÍona brought them under intensive growing.

The year 1998 was the second unfavourable yeaÍ in
the series of variety trials and moreover, plants were

4

damaged during vegetation by voles. Greater damage
was, however, monitored in ecological trial than in trial
when fertilizers and pesticides were applied.

In 1999 the highest yields in ecological growing were
recorded in the varieties Forum, Primus, Orthega, Prosa,
Tolar and Scarlet. In intensive growing these were the

varieties Heris, Madona, Orthega and Tolar. In this year
was greatest difference in average yield of the set of
varieties from ecological and intensive growing, and
amounted to 38Vo.

Matting quality of spring barley ecologically
and conventionally cultivated

Tables II and III bring an outline of results of yields
from three-year triďs and different growing Systems to-
gether with mean values of point rating, the so-called
indicators of malting quďity are presented in Tables IV
and V. This table also indicates statistical significance
calculated by variance analysis.

The content of grain protein was different in different
years, but on an average ofthree years it was not signifi-
cantly different according to the growing system.

It was similar in the extract as well as relative in the

extract at 45 "C, where it was significantly higher in two
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IV. Quality inďces of malting barley varieties from different growing systems

Index
Year 1995 t996 1997 r995-199'7 Average of

all systems
and years

growlng
system

CR INT ECO CR INT ECO CR INT ECO CR INT ECO

Grain
protein (%o)

Akcent

Amulet

Forum

Jubilant

Kompakt

Sladko

Average

1

1

1

1

1

.8

.9

.J

.J

.J

.0

.4

tt.2

II.2

11.1

10.9

11.'7

I 1.3

II.2

1 i.8

11.4

11.1

11.5

11.8

t 1.6

11.5

0.5

0.4

0.4

0.8

0.3

0.6

0.5

9;7

9.6

9.5

10.0

9.4

10.1

9.',I

9.4

10.0

9.3

9-6

10.6

10.3

g.g'

0.5

0.4

0.4

0.8

0.3

0.6

0.5

1 1.8

1 1.8

10.7

11.0

10.9

11.9

11.4

10.8

1 1.8

9.3

10.9

9.8

10.'7

10.6

10.9

10.9

10.7

11.0

10.6

10.7

10.8

t0.9

10.9

t0.4

t0.6

LO.7

t1.1

r0.8

r0;7

11.1

9.9

10.7

t0.7

10.9

10.7

10.8

11.0

10.3

10.8

LO.7

t0.9

r0.7

ExtÍact
(vo)

Akcent

Amulet

Forum

Jubilant

Kompakt

Sladko

Average

80.7

81.4

82.r

81.3

81.9

81.5

81.5

81.8

82.'.I

82.9

82.r

82.1

82.1

82.3

80.6

8r.2

81.4

80.7

8Í.2

80.8

81.0

81.1

81.9

81.6

80.7

82.1

81.8

81.5

82.7

83.6

84.2

83.2

83.7

83.4

83.5

83.2

84.3

84.8

83.5

84.2

83.8

84.0

81.1

81.9

81.ó

80.7

82.r

81.8

81.5

81.2

82.2

82-6

82.1

82.6

81.3

82.0

81.9

80.6

83.5

82.2

83.5

82.2

82.3

81.0

8r.7

81;7

80.9

82.0

81.7

81.5

81.9

82.8

83.2

82.5

82.8

82.3

82.6

81.9

82.8

83.2

82.5

82.8

82.3

82.6.

81.6

82.3

82.7

81.9

82.6

82.r

82-2

Relative
extract at 45 0C

Akcent

Amulet

Forum

Jubilant

Kompakt

Sladko

Average

45.7

38.5

39.0

44.8

46.9

50.6

44.3

50.5

40.4

42-2

48.2

48.7

52.'7

47,1

48.1

38-2

38.8

46.2

46.5

53.1

45.2

44.6

36.4

37.5

42.0

49.0

48.1

42.9

49.5

45.8

41.5

53.1

53.9

56.4

50.0

55.0

48.2

47.2

54.9

55.6

58.7

53.3*

44.6

36.4

37.5

42

49

48.1

42.9

40.4

35.6

38.2

43.1

35.3

43.5

39.4

41.9

34.1

38.4

41.4

43.6

4s.6

40.g*

45

37.1

38

42.9

48.3

48.9

43.4

46.8

40.6

40.6

48.1

46.O

50.9

45.5

48.3

40.2

41.5

4't.5

48.6

52.5

46.4

46.7

39.3

40.0

46.2

47.6

50.8

45.1

Kolbach
index

Akcent

Amulet

Forum

Jubilant

Kompakt

Sladko

Average

44.5

44.'7

46.0

45.9

50.1

51.3

47.1

52.2

49.7

52.3

49.1

51.8

54.3

51.ó

49.9

4'7.8

49.2

48.2

51.8

54.2

50.2

45.0

45.1

44-5

43.9

49.9

47.8

46.O

50.9

52-'.|

49.6

52.2

55.9

53.9

52.5

54.0

55.2

54.7

57.0

s5.6

57.4

55.'7

45.0

45.r

44.5

43.9

49.9

47.8

46.O

42.8

43.1

44.6

43.4

47.5

44.6

44.3

46.2

41.1

48.3

47.0

51.5

50.0

47.4

44.8

45.0

45.0

44.6

50.0

49.0

46.4

48.6

48.5

48.8

48.2

5r.7

50.9

49.5

50"0

48.0

50.7

50.7

53.0

53.9

51.1

47.8

47.2

48.2

47.8

51.ó

51.3

49.0

N.B.: Evidently different values

yeaÍs in ecological growing. The Kolbach index, too'
was mostly higher in ecologicď growing, but weather
pattern had a decisive effect in the experimental yeaÍ.

Diastatic power was higher in two years in ecological
growing, what is probably connected with activity of
enzymes that is usually higher in ecologicď products,
what was found in the quality of wheat (Petr et al.,
1998). The achieved degree of fermentation does not
manifest significant differences by the method of grow-
ing, but by the year. Friability is again much higher in
ecological gÍowing. Surprising differences were, how-
ever, found in the content of beta glucans, which is much
lower in ecologicď growing compared with intensive
what is more favourable for qualiry beer.

In both growing systems the variety Kompakt reached
the best quality inďces. In intensive growing the varie-
ties Kompakt, Jubilant, Sladko reached the best techno-
logical quďities and the variety Akcent had the worst
technological quality. Ecologicď growing suited the best
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to the varieties Forum, Kompakt, Sladko regarding the
quďity obtained and the least it Suitďd to the variety
Amulet. In ecological growing majority of monitored
varieties got better quďity parameters than in conven-
tionď growing (Table VI). Indicator of malting qualify
on average of all studied traits was highest in ecological
growing. The results obtained should be evďuated ďso
with respect to the fact that only varieties of excellent
malting quality were chosen for the reseaÍch.

DISCUSSION

Neither general recommendations, nor general char-
acteristics of spring barley varieties suitable for ecologi-
cal agriculture can be concluded from the above-men-
tioned results of variety trials. The occuffence of some
varieties in front positions should indicate certain reac-
tions to low inputs and suitability into conditions of eco-
logical agriculture but it is not statisticďly significant. It
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V. Quality indices of malting barley varieties from different growing systems

Index

Year r995 r996 199'7 t995-1991 Average of
ali systems
and years

growlng
system

CR INT ECO CR INT ECO CR INT ECO CR tNT ECO

Diastatic
power (WK)

Akcent

Amulet

Forum

Jubilant

Kompakt

Sladko

Average

358

368

403

299

355

319

350

350

360

415

315

3'70

325

356

3'75

335

400

335

385

355

364

310

320

380

325

318

318

329

290

280

320

to{

235

245

2'78.

235

305

315

230

350

310

zgt.

310

320

380

325

318

318

329-

325

390

380

335

335

320

348"

330

415

340

325

280

310

334r

3ZO

336

388

316

330

318

336

322

343

3't2

315

313

291

51- I

-llJ

352

352

29'7

338

325

330

320

344

370

309

327

Jl-1

331

Finai
attenuation (7o)

Akcent

Amulet

Forum

Jubilant

Kompakt

Sladko

Average

82.8

82.5

83.4

81.6

82.3

84.9

82.9

84.'l

82.3

84.6

82.0

83.2

84.9

83.ó

82.8

81.5

83. i
81. 1

80.2

84.0

82.r

81.5

80.6

82.6

80.8

81.'7

82.9

81 .7

83.3

84.8

84.5

82.3

83.8

84.6

83.9

82.8

83.9

85.0

80.0

Ó_'.J

84.8

83.3

81.5

80.6

82.6

80.8

81.7

82.9

81.7

80.2

80.2

81 .0

'79.9

80.3

80.1

80.3

81.5

19.6

83.5

'79.8

80.5

8t.l

8l .0

81.9

8r.2

82.9

81.1

8 i.9

83.6

82.r

82.1

82.4

83.4

81.4

82.4

83.5

82.6

82.4

81 .7

83.9

80.3

81 .3

83.3

82.2

82.3

81.8

83.4

80.9

8l.9

83.4

82.1

Friability
(1")

Akcent

Amulet

Forum

Jubilant

Kompakl

Sladko

Average

80.4

'7'1.3

86.8

84.5

88.9

84.8

83.8

87.0

83.0

91.0

89.0

91.0

88.0

88.2

85.8

80.8

93.5

91.6

9r.3

88.0

88.5

78.8

7'7.0

86.0

83.5

8'7.3

80.8

82.2

84.3

87.9

85.8

86.5

90.0

89.2

8'.7.3

9r.4

8'r .2

93.3

90.0

89.2

90.5

90.3

"r9.0

17.0

89.0

84.0

85.0

'73.0

'79.1

70.0

'7'1.0

89.0

84.0

85.0

'73.0

'79.-1

88.0

'74.0

9'1.O

89.0

95.0

91.0

89.0

'19.4

'77.r

86.3

83.7

8'7.'/

81 .9

82.'7

80.4

82.6

88.6

86.5

88.7

83.4

85.0

88.4

80.7

94.6

90.2

91.8

89.8

89.3

82.7

80.1

89.8

86.8

89.4

85.0

85.7

Beta glucans
(mg)

Akcent

Amulet

Forum

Jubilant

Kompakt

Sladko

Average

r93

140

r45

98

65

123

127

r49

ió0

79

108

59

81

106

88

106

51

43

59

ó5

2'73

2'r8

243

191

t99

285

245

259

191

241

184

149

r73

200

198

r64

153

158

153

r22

158-

291

207

267

214

151

296

z)t

29r

201

26'.7

21.4

151

296

231

241

22r

I'13

158

148

188

188

246

232

210

160

154

23r

206

233

184

196

169

120

183

181

r'76

r64

r26

r20

II4

123

t31

2r8

193

r7'1

150

r29

t'79

1.74

Evidently difÍ'erent vďues

has been proved that varieties with highest yields rn eco-
logical growing were mostly most yielding even in con-
ventional growing. Therefore, it can be expected that

most yielding varieties with good health conditions will
be suitable indeed for ecological growing It is evidcnt
the fact that recently registered varieties that were r " 

i-
tered for their higher yielding capacity aÍe pla.?d alrong
front positions in terms of yields, in our t: ials too right
away in the first year ďter introduction into the set of
tested varieties. It can indicate that it |ould not be nec_

essary to test the suitability of varietics of spring barley
for ecological agriculture in independent tests.
B engts son (1996) thinks the same and came to simi-
lar conclusions. Such experiments conducted in Austria,
as reported by O b erfo r s ter et al. (2000), proved that

suitable varieties for ecological agriculture or for low-in-
put systems, respectively, could be selected from con-
ventional variety triďs. The fact that under unfavourable
weather pattem varieties in ecological growing varieties

6

are more vulnerable, they have higher variation coeffi-
cient (variability of replications - See the vďues of mini-
mum significant difference). In conventional growing the
use of fertilizers and pesticides reduced the effect of
unfavourable conditions, particularly weather.

In a lot of countries the experiments were conducted
with these purposes because the task of growing with
both low inputs and ecological agriculture was highly
topical since the 1980s. The study of these problems was
rather extensive in the past (e.9. Kratz sch et al.,
1991; Mills, Wells, 1997; Jensen, Munk,
1993 and many others) and finished by the real effort to

breed varieties for this system of growing (E I B a s -

sam et a1.,1997).
These studies helped to suppress an opinion that ob-

solete varieties, original land races will be suitable for
ecological agriculture originating from the times when
fertilizers and pesticides were not utilised. This possibil-
ity has been considered by introduction ofhistorical bar-
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Vl. Average of malring quality

Year Growing
system

Grain
protein
(7oN x
6.2s)

Extract
(7o)

RE 45 'C
(vo)

Kolbach
index

Diastatic
power
(WK)

Final
attenuation

(vo)

Friability
(vo)

Beta
glucans

(rng dm oÍ
waft)

r995

ECO

INT

CR

11.5

rt.2

IÍ.4

81.0

82.r

81 .5

45.r

4'7.r

44.2

50.2

51.5

41 .0

364

356

350

82.r

83.6

82.9

88.5

88.1

83.8

65

106

r2'7

r996

ECO

INT

CR

9.8

9."r

10.5

83.9

83.4

81.5

53.3

50.0

42.9

55.6

52-5

46.0

291

2'77

328

83.3

83.9

81.6

90.3

87.3

82.2

158

199

245

1991

ECO

INT

CR

10.5

1 1.3

10.5

82.3

82.0

81.5

40.8

39.3

42.9

47.3

44.3

46.0

J.J.'

347

328

81.0

80.2

81.6

89.0

79.6

82.0

188

237

245

Average

ECO

INT

CR

10.6

r0.'7

10.8

82.4

82.5

8r.5

46.4

45.4

43.3

5 1.0

49.4

46.3

329

326

335

82.r

82.5

82.0

89.2

85.0

82.6

137

180

205

Bonity
evaluation

9-1

ECO

INT

CR

8.33

9.0

9.0

8.5

9.0

4.O

9.0

9.0

9.0

9.0

9.0

9.0

9.0

9.0

9.0

9.0

9.0

9.0

9.0

'7.9

5.1

9.0

4.Í

1.0

8;74

1.45

5.26

Iey variety Norimberský of 1832 which was propagated
by Prof. G. Auftiammer and Prof. Fischbeck in 1955 and
their results were published in 1964. This historical va-
riety had aÍ ayerage yield in 1963 3.63 tons; modern
varieties in ecological growing had the yield 4.32 tons.
In 1997 the yield of modem varieties was 5.55 tons and
the variety Norimberský 3.98 tons per 1 hectare. This
variety had longer stem by 12-18 cm, easily lodging (by
2-3 points worse evaluation) and its health condition was
worse, too (by 2-3 points in powdery mildew of cereals
and grasses, by 2 points in net blotch of barley and
stronger incidence of loose smut). It produced tillers iess
and hence it had fewer spikes than modem varieties, but
identical spike productivity (number of grains per spike
and 1000-kernel weight TKW). Such variety could not
compete to present modern varieties.

Yield differences between ecological and conven-
tional growing in our experiments were different in dif-
ferent experimental years. They were given by a suitable
forecrop and nitrogen fertilization that allowed to plants
of spring barley to establish the stand with a sufficient
number of tillers and finally. of spikes (there were by
200 spikes more per I m') what had no( happen in eco-
logical growing.

When evaluating health condition of stands cultivated
ecologically, lower infestation by leaf diseases was
monitored than in conventional growing, where nitrogen
was used as fertilizer. Kratzsch et al. (1990) and
Jensen and Munk (1993), who mentioned adequate
growth of infestation with diseases with increasing nitro-
gen rates applied, drew attention to this in spring barley.
In our experiments with winter wheat, too, where we
compared ecological and conventional growing, we re-
corded lower incidence of diseases in ecologicď growing
Prokinová et al. (2000). However, in intensive
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stands where fungicides were applied even under higher
infestation with disease, their application brought signifi-
cant yield increase.

Evaluation of the quality of mďting barley from eco-
logical and conventional growing brought a lot of
marked knowledge. Above all, a decisive effect of
weather in the experimental yeaÍ as affected most quďity
indices has been confirmed. Relationships of the effect
of weather and quality of malting barley are studied by
Prugar and Hraško (1989)and U1onska (1960*
1962). They evaluated the effect of agroecological con-
ditions on the percentage of front grain 657o, on the
content of proteins in the malt 167o, in the Kolbach in-
dex, and diastatic power only 507o.The lowest effect was
recorded in extract and friability where is the decisive
effect of variety. In our experiments the effect of the year
was not manifested only in friability. The best malting
quality was obtained in ecological growing in the years
1996 and 1991. In 1995 the lowest values of extract and
increased vďues of the content of proteins in grain were
reported.

In three-year observation of the quality the values of
the content of grain protein were in an optimum range
10.1-II.2Vo. None of the samples exceeded the value
Il.97o. Extract values, too, were on an excellent level.
The varieties Forum, Kompakt and Amulet reached the
best level in extract.

In relative extract at 45 "C the values 36-38Vo are
required. In Kolbach the values 3812Vo are now re-
quired. In the used micro-malting all varieties manifested
a disposition to proteolitic overmodification. The values
found were not decreased by any of the growing systems.

Activity of amylolytic enzymes was in all samples on
excellent level. It did not fall below the limit 220 WK in
any case.



The composition of unhopped wort was also on opti-
mum level. Obtainable degree of fermentation fell below
80Vo only in two cases in 1997.

The friability vďues and the content of beta glucans
were favourably ďfected in ecologicď growing. Consider-
able decrease of the content of beta glucans, which cannot
be explained from these experiments, and that is very de-

sired in technologicď aspect, is fully exceptionď finďng.
It can be deduced from the results that significantly

better values of malting quality of barley were obtaineď
under ecological growing. This can be proved by the
values of indicators of malting quality (Table IV and V)
what is a complex expression of quďity based on evalu-
ation of meaning (weight) of different quality criteria.

REFERENCES

ANONYMUS: Analytica EBC. Ed. Zul.ch, Brauerei
Getlánke_Rdsch. 1997 -

MEBAK: Brautechnische Analysemetoden. Band 1, Mebak,
Weihenstephan-Freising, 1 979

ATTENE, G. _ DELOGU, G. F. - LENDINI, M. _ PAPA,
R. - SANTILOCCHI, R. - VERONESI, F.: Response of
barley (Hordeum vulgare L.) to different levels of agro-
nomic inputs. Rivista di Agronomia, 30, 1996: 3943.

AUFHAMMER, G. - FISCHBECK, G.: Ergebnisse von
Gefáss- und Feldversuchen mit dem Nachbau keimfáhiger
Gerste- und Haferkórner aus dem Grundstein des 1832
erichteten Niirberger Stadttheaters. Z. Pflanzenzichtung,
5 1, 1964: 354-3'13.

BENGTSSON, A.: Choose the same cultivars as for conven-
tional cultivation. Lantmannen, 1989: 7-11.

DRoBNÝ, J. _ SEKERKoVÁ' M. _ soDoMA, V.: Die
Feldfriichtesortenwahl ftir organische Wirtschaftssysteme.
In: 45. Arbeitstagung der Arbeitsgemeinschaft der Saat-
zuchtleiter Gumpenstein. Bericht, 1994: 103-105.

EL-BASSAM, N. _ DAMBROTH, M. - LONGHMAN, B.
C.: Genetic aspects of plant mineral nutrition. In: Proc. of
the 3rd Int. Symp. 1988. The Netherlands, Kluwer Aca-
demic Publishers 1990.

EL-BASSAM, N. _ BRAUN, H. J. - ALTAY, F. _ KRON.
STAD, W. E. et al.: A concept of selection for low input
wheat varieties. In: Proc. of the 5th Int. Wheat Con., An-
kara, Turkey (10-14 June 1996). The Netherlands, Do-
rdrecht, Kluwer Academic Publishers 1997: 153-158.

ELTUN, R.: The Apelsvoll cropping system experiment. III.
Yield and grain quality of cereals. Norw. .I. Agric. Sci.,
10, 1996:7-20.

HAAS' G. - FRIEDT, W.: Ziele und Móglichkeiten der
Ziichtung náhrstoffeffizienter Nutzpflanzen. Arbeitsta-
gung der Arbeitsgemeinschaft der Saatzuchtleiter. Gum-
penstein 1990, Bericht 21-37.

HABĚTÍNEK, J.: Realizace genetického výnosového poten-
ciálu odrůd jarního ječmene a ozímé pšenice při pěstování
bez agrochemikálií (Realisation of genetic yield potential
of spring barley and winter wheat varieties in cultivation
without agrochemicals). Sborník VŠZ Praha, Fakulta
agron., řada A,56, 1994: I2r_l23.

JENSEN, B. - MUNK, L.: The influence of nitrogen on
susceptibility of barley cultivars to powdery mildew.
Nord. Jordbr.-Forskn., 75, 1993: 10.

I

KÓPKE, U.: Erweiternde Kriterien der Sortenwahl bei Ge-
treide' In: Vortráge der 42' Hochschultagung der Landw.
Fakultát der Univ' Bonn' Mtinster,20. 2. 1990: 215_219.

KRATZSCH, G.: Zw Frage der Low Input Eigenschaften
von Getreidesorten. Feldwirtschaft, 32, 1991: 252-255.

KRATZSCH, G. - DAMISCH, W.: Entwicklung der Rela-
tion Biomasse- und Kornertrag bei aktuellen Weizensor-
ten bei verschiedenen Anbauintensitát sowie Ihre beziehung
zum Low-Input Konzept. Bericht tiber die Arbeitstagung
1990 ,,Ztichtung von Low-Input sorten", Gumpenstein.
1990: 83-94.

MILLS, A. R. - WELLS, A. J.: Comparison of winter barley
cultivars grown on light land with high and low input
fungicide programmes. Test of Agrochemicals and Culti-
vars, 1997, No. 18:28-29.

OBERFORSTER, M. * PLAKOLN, G. - SOLLINGER, J. _

WERTEKER, M.: Are descriptions of conventional varie-
ty testing suitable for organic farming? In: Proc. of the

13th IFOAM Scientific Conf. 2000, The World Grows
Organic, Basel 28.-31. 8.2000" 242 p.

PETR, J. _ ŠrEŘÍr' J': Výnosová odezva odrud ozimé pše-

nice na nízké vstupy (Yield response of winter wheat va-
rieties to low inputs). Rostl. Výr.' 45' 1999: 525_532.

PETR' J. - ŠKEŘÍK' J. _ DLoUHÝ' J.: Cadmium, lead and
mercury contents in ecologically grown crops. Scientia
Agric. Bohem., 30, 1999: 285-299.

PETR, J. - ŠrBŘÍr, J. - PsoTA, v' - LANGER, I.: Quality
of wheat from different growing systems. Scientia Agric.
Bohem., 29, 1998: 16I-182.

POMMER, G.: Winterweizen-Sortenversuche auf Alternativ
bewirtschafteten Betrieben - dreijárige Auswertung
(1982-1984) Zeitschrift: Lebendige Erde 1/85, Darmstadt,
1985:4448.

PRoKINoVÁ, E. _ KAZDA, J. - PETR, J' - ATMANoVÁ,
G.: Health condition of winter wheat under conventional and

ecologicď farming. Scientia Agric. Bohem., 31,2000:2540.
PRUGAR, J. _ HRAŠKA, Š.: Kvalita jačmeňa (Barley qua-

Iity)' Blatislava, Príroda 1989. 228 p.

PsoTA, V. _ ŠUSTA, J. - KoSAŘ, K.: Homogenita a mo-
difikace sladu II (Homogenity and modification of malt
II). Kvasný Prim., 44, 1998: 126_129'

RICHARDS, M. C.: Crop competitiveness as an aid to weed
control. In: Brighton Crop Protection Conf. "WEED",
1989: 573-578.

RICHARDS, M. C.: Cereal varieties for the organic and low
input grower. BCPC MONO. Organic and Low Input
Agriculture, 1990, No. 45: 14'7-155.

SARIČ' M' R. - LoUGHMAN, B. C.: Genetic aspects of
plant nutrition. In: Proc. of the lst Int. Symp., 1982. The
Netherlands, Martinus Nijhoff Publisher 1990.

sTEHNo' L.: Bilance živin v ekologickém zemědělství (Bal-
ance of nutrients in ecological agriculture). [Doctor's the-

sis.l Prague, 1998. 163 p. - Czech University of Agricul-
ture.

ULONSKA, E.: Bayer. Gersteziichting- Zuchtstamm und

Sortenpriifung. Braugersten-Jahrbuch. Niirnberg, Verlag
H. CarI' 1960_Í962.

Received for publication on July 7, 2001

Accepted for publication on November 5, 2001

SCIENTIA AGRiCULTURAE BOHEMICA, 3 3, 2OO2 ( 1 ) : 1-9



PETR, J. - LEIBL, M. - PSOTA, V. _ LANGER, I. (Česká zemědělská lrtiyerzita, Agronomická fakulta, Praha;
Výzkumný ústav pivovarnický a sladovnický, Brno; Sďgen - Šlechtitelská stanice, Praha, Česká republika):

odrůdy jarního ječmene - jejich výnos a kvalita v ekologickém zemědělství.

Scientia Agric. Bohem., 33,2002: I-9.

Zájem o odrudy pro pěstoviíní s nízkými vstupy, pro ekologické zemědělství, případně pro podmínky s nařízeným
režimem pěstoviíní, jako jsou chriáněné krajinné oblasti a pásma hygienické ochrany vodních zdrojů, vystoupil
v posledních letech do popředí zájmu.

Z výše uvedených výsledků odnidových pokusů nemůžeme však vyvodit obecná doporučení nebo obecnou
charakteristiku odrud jarního ječmene vhodných pro ekologické zemědělství. Výskyt někteých odrud na předních
místech by mohl naznačovat jisté reakce na ruzké vstupy a vhodnost do podmínek ekologického zemědělství, ďe
není to statisticky prukazné. Prokázalo se, že odrůdy s nejvyššírni ýnosy v ekologickém způsobu pěstování byly
většinou nejvýnosnější i v konvenčním způsobu pěstování. Lze tedy předpokládat' že odrudy nejýnosnější, s dobrym
zdravotnim stavem budou vhodné i do ekologického způsobu pěstování. Z toho by vyplývalo, že by nebylo nutné
v samostatných pokusech zkoušet vhodnost odrud jarního ječmene pro ekologické zemědělství.

Z hodnocení sladovnické jakosti odrudjarního ječmene z ekologického a konvenčního (intenzivního) pěstování
se potvrďlo, že na většinu ukazatelů sladovnické jakosti měl rozhodující vliv pruběh počasí v pokusném roce. Vznik]é
tozdily lze vysvětlit hodnocením pruběhu teplot a srážek. U většiny jakostních znaků se prokíu,alsilnější vliv počasí
než např. hnojení dusíkem či způsobu pěstování. Prukazné rozďily mezi ročníky byly u obsahu dusíkatých látek,
u relativního extraktu, Kolbachova čísla, diastatické mohutnosti a dosaženého stupně prokvašení. Způsob pěstování
se projevil nejvíce na obsahu B-glukanů, kde u ekologického způsobu pěstování byl obsah překvapivě nizký.Také
u obsahu extraktu, částečně i u Kolbachova čísla a friability bylprokázán vliv způsobu pěstoviíní.

Prokázalo se, že ekologický způsob pěstování přinesl lepší sladďskou jakost ječmene než způsob konvenční.
Přesvědčivě to dokazuje tzv. ukazatel sladovnickéjakosti' který byl při ekologickém pěstování o 1,3 bodu vyšší než
při konvenčním pěstování.

ječmen; ekologické zemědělství; výnos; sladovnická jakost
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