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Three-year trials were established to study miiling and baking rye quality, hybrid and population varieties in different cultivation

conditions and different intensity of cultivation including ecological system on certified experimental area. Methods of analyses of
milling and baking quality were done using Czech Standards (ČsN) identical with those from the European Union and method-

ological procedures lCC. Thousand-kernel weight (TKW) was higher in population varieties. At higher intensity of cultivation and

in more fertile locations TKW was higher in both groups varieties. The higher TKW was recorded in all experimental years from

ecological cultivation and again it was higher in population varieties than in hybrid varieties. At the TKW level the share of past

weather in the given year (397o) and intensity of cultivation (32vo),the share oť variety was only 1"/Ťc. Grain size (2.2 and 2.5 mm)

was higher in hybrid varieties but in total it was highest from ecoiogical cultivation. Specific weight (SW, 1 litre in g ) was higher

in population hybrids, significantiy in some years. At increased intensity of cultivation and more fertile conditions it was higher in
both groups of varieties. In ecological farming population varieties had also higher specific weight. Weather had a decisive influ-
ence in the given year. Protein content was also higher in population varieties at both intensities, above all in increased intensity

and fertile locations. The site of cult:ivation (location) participated the most in the protein content (73Va') and the variety (18%). In

ecological farming the protein content was on average of three years on the level of intensive cultivation, what is an important dif-
ference from wheat, which has significantly lower protein content and gluten quality in ecological farming. The Falling number

was higher in hybrid varieties and at higher intensity of cultivation. Similar values wete recorded also in ecological cultivation. The

Falling number in different experimental years Was much different by the site oť cultivation' what was associated with a decisive
effect of weather in the given year and location. In our experiments the maltose value ranged between 1.7 and 1.9%, what can be

assessed favourably. This vajue was slightly higher in hybríds and under higher intensity of cultivation. lt was lowest totally

1.2_1.4Ťo in ecological farming. Weather and intensity of cultivation had a decisive effect. The ash content ranged between 1.37

and1.4'7Ťc and the differences were insignificant. The ash content affected also past weather in different years. Rye quality was

manifested better in hybrid varieties according to amyiograph maximum, particularly increased values were in sampies from eco-

logical cultivation. The effect of weather participated by 81Va and the variety by 147o. Specific weight of baking (test volume) was

influenced favourably by intensity of cultivation' which participated by 2'77c,blÍ weather by 11?o. The values from ecological cul-

tivation were on the same level like in the intensive cultivation. It can be seen from these analyses that most of criteria of milling
and baking quality suggest better technological quality of hybrid varieties. Intensity of cultivation contributed to higher TKW,
maltose value and specific weight of baking. The share of variety ranged in most criteria between 14 and 18a/o. AII the above inves-

tigated parameters except of protein content were affected by weather conditions in the given year, what is confirmed by a known

variability oftechnological rye quality. The finding that technological quality in both groups ofrye varieties is a new one in ecolog-

ical cultivation favourable for milling and baking processing, and thus also for production of rye bioproducts.

rye; technological quality; intensive and ecological cultivation; hybrid and population varieties

&

INTRODUCTION

Rye cultivation in cereal management of Europe has
its stable position despite of a strong fall of sowing areas.
It is given by a unique possibility to cultivate it under
less favourable conditions. in particular on sandy soils.
Among other things, rye is excellent by frost- and win-
ter-hardiness. This was manifested above all in unfa-
vourable winter of 2002/2003, rye overwintered the best
of all cereal species. This undemandingness for forecrop
and soil fertility allows it to be cultivated in conditions

where other cereal species cannot survive economically.
Such conditions create relatively a great share in the

Czech Republic and rye cultivation can support here
sustainability of agricultural activities. Rye bread in our
food contributed to increased percentage of pentosanes,
in which a protective effect on mucous membrane of in-
testines and regulation of blood cholesterol (P ř í h o d a ,

200s).
In rye that is not so variable in species and varieties

are rather related, such progress in breeding was not ob-
tained like in wheat, and hence, an effect of intensifica-
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tion factors could not be manifested. Technological qual-

ity stability of wheat and the possibility of preparation of
a wide assortment of bread and baking suited better to in-
dustrial baking large-scale production. Not earlier than in
the 1970s in Poland when Dankowskie varieties were

bred what was a remarkable progress. However, a revo-
lutionary change occurred after obtaining of hybrid va-
rieties in Germany. These hybrids exceed population va-
rieties in yields by l020Vo and they are fast distributed
in practice. In the State Variety Book in the Czech Re-
public there are five population varieties and five hybrid
varieties. In connection with their coming, processors are

interested in their quality as well. This was an aim of this
study - to compare technological quality of hybrid and
population varieties from different agroecological condi-
tions, different intensity of cultivation including ecologi-
cal system.

Milling and baking quality of rye is different than
wheat quality. A lot of indicators are similar in milling
quality but baking quality cannot be determined by an

unambiguous criterion like it is with wheat, for example
gluten content and gluten quality. Dunng purchase and
stock market trades moisture, specific weight, admix-
tures, and impurities, Falling number and sprouted grain.

Millers note also grain colour, shape of grains as wells as

colour changes that disclose occurence of pathogens.

The occurrence of ergot needs a special attention.
Specific - test weight - is widely used but for baking

quality ofrye it is not in a direct relationship. It is only an

orientation criterion and is related to yield of flours, i.e.

to milling quality. 730 g of weight per 1 litre is presented

as a basic value (73 kg of t hectolitre). The grain is
smaller at iower values and is in correlation with higher
ash content (Příhoda et al.' 2003a).

Requirements for rye quality do not present grain size.
i.e. percentage of grain size 2.2 mm and 2.5 mm but
higher percentage of great and uniform grain is advanta-
geous for milling. It is also associated with thousand-ker-
nel weight that is variety quality but is strongly subjected
to weather effect.

In baking quality we mentioned above that proteins of
rye grain has no typical properties of wheat gluten. Rye
gluten, too, cannot be washed out. The protein content is
related to dough yield due to greater viscosity of flour.
Literary data do not contain optimum scale of the protein

content in rye. Příhoda et al. (2003b) presented
9-147o.8-l27o are presented usually. Vilíkovský found
in the Czech Republic an average content to be 10.47o, in
current varieties and conditions of cultivation that the

protein content is lower and is ranging between JVo and
87o, as it can be seen from analyses otÚl<zÚz (the Cen-
tral Institute for Supervising and Testing in Agriculture
Brno (Jurečka, Beneš,2000-2002;J urečka et

a1.,2003,2004).
The maltose content is related to baking quality and

optimal are 2-3%o. Higher content should mean a certain
degree of overgrowing.

The Falling number has been introduced in recent years,

i.e. expressing properties of starch-amylase complex, what

is a very serious criterion of rye quality. The Czech Na-
tional Standard (ČSN) states the scale 120_170 seconds.
Low values show a certain degree of overgrowing (also

a hidden overgrowing), what is unfavourably manifested
in bread quality, volume and shape. It is a variety prop-
erty but also strongly dependent on past weather in the
given year, so the values of Falling number by the years
are fluctuating. After Oberforster (2001) there is
a relationship of Falling number to amylograph values.
Amylograph maximum is registered (viscosity maxi-
mum) in amylograph units (AU) and the temperature of
gelation. Literary data give most frequently the scale
400-700 AU (Matějovský, 1947) or 500*800 AU
(Oberforster, 2001). These values are expressing
internal quality, rye is conditioning exterior and vaulting
of bread, porosity of soft inside of loaf, and colouring
crust of bread.

MATERIAL AND METHODS

We obtained samples of selected hybrid varieties
(Fernando, Picasso and Rapid) and population varieties
(Dankowskie Nowe, Selgo and Albedo) from testing sta-

tions, where variety trials are establishing for ÚKZÚZ:
Hradec nad Svitavou' Nechanice near Hradec Krá1ové
and Lípa near Havlíčkův Brod and from experiments that

are conducted at the Experimental Station of the Czech
University of Agriculture in Prague-Uhříněves in ecolog-
ical system. We obtained samples from two intensities of
cultivation from each station: I - the basic intensity with
the treated seed and basic rate of nitrogen is used for fer-
tilization, the herbicide was used but without treatment
with fungicides and morphoregulators. The station II -
increased intensity where the seed is treated, herbicide
was applied, nitrogen rate was increased by 30 kg and
the stands were treated with two sprayings with fungi-
cides and morphoregulator. Ecological cultivation keeps
the principles of international organisation IFOAM (in-
ternational Federation of Organic Agriculture Move-
ment) and the Methodology of the Ministry of Agricul-
ture of the Czech Republic for ecological agriculture, i.e.

without fertilization and treatment with pesticides.
The Station Hradec is situated in potato-growing re-

gion 450 m above sea level, average annual air tempera-
ture is 6.5 "C, with annual sum of precipitation 624 rnm.

The station Lípa is situated in cereal-growing region
505 m above sea level, annual temperature is 7.7 oC, sum
of precipitation 632 mm. The Station Nechanice is
placed in fertile sugar-beet growing region 235 m above
sea level, average annual temperature is 8.1 'C, sum of
precipitation 616 mm. Uhříněves, too, is situated in
sugar-beet growing region 295 m above sea level, aver-
age annual temperature is 8.3 "C, sum of precipitation
575 mm. The detailed past weather in experimental years

and on different sites is presented in the study written by
Petr (2005).

Fernando was registered in the Czech Republic in
2001. It is a semi-late hybrid variety suitable for all re-

SCIENTIA AGRICULTURAE BOHEMICA, 37, 2006 (1)



Table la. Significance of the effect of location in all studied quality indicators in 2003

Location
TKW Specific

weight g
Protein

Va

Falling
number s

Maltose value
7a

Ash
9o

Amylograph
max. AU

Test volume
cm3

Uhříněves Eco.

Lípa

Hradec

Nechanice

F-test

Value p (a)

37.15 B

31.6 A

32.3 C

33.10 A

10.5 I

0.0000

73.6 AB

73.5 A

74.2 AB

74.1 B

3.42

0.0024

12.29 G

9.66 A

9.60 A

10.82 B

43.33

0.0000

1'79.4 AB

218.4 B

16-s.7 A

195.9 AB

5.38

0.002'7

1.22 A

1.70 B

1.75 B

1.54 B

10.65

0.0000

0.8 A

0.83 AB

0.'79 A

0.88 B

8.19

0.0001

456.2 AB

421.6 AB

361.1 A
4'r8.1 B

2.72

0.0535

711.2 A,

709.3 A

729.1 A.

706.8 A

1.28

o,2913

Table lb. Significance of the effect of varieties - hybrids and populations in all studied quality indicators in 2003

Varieties
TKW Specific

weight g
Protein

9o

Falling
number s

Maltose value
7o

Ash
7o

Amylograph
max. AU

Test volume
cm3

Hybrid

Population

F-test

Value p (a)

31;7 A

34.4 B

14.76

0.0003

'74.9 B

3r.'72

0.0000

9.9s A

10.75 B

1.82

0.0007

215.6 B

16'1 .1 A

4 1--1-t

0.0000

1.59 A

1.61 A

i0.65

0.823

0.83 A

0.83 A

8. 19

0.919

484.2 B

370.3 A

2.72

0.0002

'774.5 A

114.6 A

t.28

0.988

Means denoted by different letters (A, B, C) are expressing significant differences at the level of significance ot = 0.05 after Bonfenoni's method

For example: mean denoted in Table A is not Statisticďly signilicantly different from AB, but is different from B, BC and C etc.

Means denoted by different letters (A, B, C) are expressing significant differences at the level of significance o = 0.05 after Bonferroni's method.

For example: mean denoted in Table A is not statistically signihcantly different from AB, but is different from B, BC and C etc.

Meansdenotedbydifferentletters (A,B,C)areexpressingsignificantdifferencesatthelovelofsignificanceoc=0.05afterBonÍ-erroni'smethod
For example: mean denoted in Table A is not statistically significantly different from AB, but is different from B, BC and C etc.

gions, less resistant to lodging and rye rust. Picasso was
registered in 2001 and has similar properties like
Fernando. Rapid is the oldest certified hybrid variety
(1994) in the Czech Republic and by its properties it is
not different from the previous varieties. Dankowskie
Nowe is the oldest certified population variety in the

Czech Republic (1911). Medium-early, winter-resistant
variety resistant to lodging, suitable for more intensive
conditions. Albedo is semi-late population variety from
the year 1991, suitable for higher-situated regions. Selgo
is later population variety of 1991 suitable for all regions
of the Czech Republic.

Milling and baking rye quality was assessed by Czech
Standards (ČSN) and methods of the International Asso-
ciation for Cereal Science and Technology - ICC. Grain
analyses according to the Czech Standard ČsN +6tott,
analyses according to the Czech Standard ČSN 560512,
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Falling number after the Czech Standard ISO 3093,
amylograph analysis after ICC 148.

Statistical methods applied

The results obtained were evaluated using the statisti-
cal programme Statgraphics Plus for Windows (version
5.1 Plus from the company Manugistics, Maryland,
USA) using the methods of analysis of variance of sim-
ple and triple classification and regression analysis.

The results of significance are presented directly in
the text of the given results and in discussion. An exam-
ple of outline of significance for the year 2003 is pre-

sented in Tables la, b, c.
Linear model of expression of the function was pre-

ferred in regression analysis before the others. The text
gives the values of correlation coefficient.

Table 1c. Significance of the effect of cultivation intensity (I _ lower and II _ higher) in ďl quality indicators 2003

Varieties
TKW Specific

weight g
Protein

7o

Falling
number s

Ma.ltose value
7o

Ash
7a

Amylograph
max. AU

Test volume
cm3

Intensity I

lntensity II

Ecology

F{est

Vaiue p (a)

31.3 A
33.3 B

3'7.1 C

20;73

0.0000

13.1 A

74.6 A
'73.6 A

3.55

0.0357

9.16 A

10.28 A

12.29 B

31.60

0.0000

192.0 A
t94.7 A
I'/9.3 A

0.39

o.6822

1.61 B

1.71 B

1.22 A

12.44

0.0000

0.81 A

0.86 A

0.80 A
4.41

0.011

430.0 A

414.9 A
456.25 A

0.36

0.696

690.2 A
740.0 B
'/ 11.2 A,

19.32

0.0000
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RESULTS AND DISCUSSION

We proved in the previous study (Petr et aL, 1,999;

P e t r, 2005) that hybrid varieties in rye are more yield-
ing than population varieties. Higher yielding capacity
was manifested at all experimental sites and at both in-
tensities of cultivation together with ecological cultiva-
tion. We evaluated milling and baking quality from har-

vested grain of these experiments by analysis of main
quality criteria. We wanted to know the differences in
both groups of varieties, efÍ'ect of intensity of cultivation
on rye quality and also the rye quality from ecological
agriculture, and thus also the possibility of utilization of
rye for bio-bread production (Tables 2-5).

Thousand-kernel weight (TKW) is not a purchasing
criterion but it is a certain indicator of variety. It is stud-

ied during registration and testing of certified varieties.
TKW in population varieties ranged between 35.4 g and

in hybrid varieties 33.2 g from these experiments con-

ducted atÚrzÚz (Central Institute for Supervising and
Testing in Agriculture) in the period 1996*2003. in our
three-year trials population varieties had TKW 30.1 g
identical in both intensities. Hybrid varieties had the

TKW value 29.7 gtn hybrid varieties in the first intensity
and 31.6 g in the second intensity. In 2001 TKW value
was the lowest of all experimental years, because the

past weather in May and June was unfavourable
(draught) for spike productivity. There was neither dif-
ference between both intensities, nor between groups of
varieties. In subsequent years TKW was higher and sig-
nificantly higher in the second intensity of cultivation
with greater fertilization and protection against leaf and
spike diseases. TKW value was affected for 32Vo by in-
tensity of cultivation, past weather in the given year -
397a,vaiety 7'7?o and location 127o.TKW was also sig-
nificantly higher in ecological cultivation, in population
varieties 35.4 g and in hybrid varieties 34.2 g. Lower
number of spikes per area unit always brings by law
compensation of yield components by increased TKW.
Higher thousand-kernel weight may be related to higher
flour yielding capacity. HýŽa and Pa]ík (1984) pre-

sent the relationship to the content of antinutritive sub-

stances where in grains with higher TKW was lower con-
tent of alkylresorcinols. More important criterion for
milling processing is a grain size expressed by the share
of grain size 2.2 and 2.5 mm. Greater share of front
grains makes easier purification and milling. Our analy-
ses showed greater share in hybrid varieties 88-89% than

in population varieties 80%. This share reached even
91-957a in ecological cultivation and in state variety
trials 907o Jurečka, Beneš (2000-2002) and
J u r e č k a et al' (2003,2004). There is a certain associa-

Table 2. Quality parameters of hybrid and population rye varieties from ecological and intensive cultivation average for the years 2001-2003

Year Varieties ntensify
TKW Grain

size
7a

Specific
weight

Protein
Vo

Falling
number

s

Maltose
value

7o

Ash
9o

Maximum
amylograph

unit AU

Test
volume

cm3

200 I

Varieties

Populations

Varieties

Hybrids

Populations

Hybrids

I

II

I

II

EKO

RKO

26.1

27.0

22.8

27.1

41.5

39.0

61.2

57.0

79.4

75.2

99.6

99.'l

690

672

'r12

'703

'740

738

9;79

9.55

9.82

9.31

8.11

1.16

144

146

148

15-l

183

176

2.0

1.9

1.9

2.0

1.5

t.2

1.88

1.85

1.14

1;72

1;79

1.64

180

201

198

254

315

431

664

652

580

620

2002

Varieties

Populations

Varieties

Hybrids

Populations

Hybrids

I

il
I

II

EKO

EKO

3l .8

29.1

36.3

35.6

29.9

27.3

86.4

83.7

94.0

92.1

85.9

75.8

714

740

7s3

t 4r,

113

688

9.91

9.80

10.50

10.14

9.26

9.39

190

325

2't4

295

255

252

1.5

1.6

r;l

1.8

0.75

1.8

r.59

1.57

l .61

1.59

1.86

1.83

7'72

111

820

1'7 5

2003

Varieties

Populations

Varieties

Hybrids

Populations

Hybrids

I

II

I

II

EKO

EKO

31.9

33.8

29.9

31 .6

38.1

36.s

95;7

97.4

95.0

96.9

98.7

98.5

145

'751

t16

139

112

'7io

10.1

10.7

9.3

9."7

Í2.4

12.2

166

168

223

220

156

204

.5

.8

.'7

.9

.2

.2

0.83

0.86

0.80

0.86

0.'r6

0.85

359

335

485

468

435

485

690

'746

706

"r40

720

700

Average for
the years
2001-2003

Varieties

Populations

Varieties

Hybrids

Populations

Hybrids

I

II

I

II

EKO

EKO

30.1

30.1

29.1

31.6

36.5

34.2

81.4

79.3

89.4

88.2

94.7

91.3

'726

721

730

129

731

'718

9.95

10.0i

9.87

9;71

9.92

9.78

200

213

215

1nA

198

2r0

1.1

1.1

1.8

1.9

r.2

1.4

1.43

1.42

1.31

r.39

1.4'7

1.44

210

268

342

361

40s

458

690

127

706

I /-1

106

698
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Table 3' Quality parameters oí rye hybrid and population varieties from ecological and intensive cultivation of 200l

Table 4' Quality parameters of hybrid and population rye varieties from ecological and intensive cultivation of 2002

Table 5 Quality parameters of rye hybrid and population varieties from ecological and intensive cultivation of 2003

Location Intensit Varieties TKW Grain
size
7o

Specific
weight Protein

Vo

Falling
number

s

MďtoSe
value

Vo

Ash
9o

Maximum
amylograph
value AII

Test
volume

cm3

fuadec
Population

Hybrid

30.8

26.6

83.7

79.3

'702

691

8.40

8.25

144

146

1.8

1.9

1.75

1.'73

163

185

Hradec
II

II

Population

Hybrid

32.4

28.8

89.1

83.8

715

'704

8.64

8.28

121

127

1.8

1.9

1.66

1.68

1s3

180

666

642

Nechanice
I

I

Population

Hybrid

19.9

15.6

23.8

14.2

662

630

12.30

I 1.93

142

I5'7

2.6

1.9

2.08

2.13

19-s

210

Nechanice
II

II

Population

Hybrid 22.6

59.3

51.2

706

692

12.06

t1.32

166

r'72

2.1

2,2

1.90

1.87

200

261

640

610

Lípa
I

I

Population

Hybrid

29.6

26.4

85.2

7'7.7

708

69s

8.69

8.48

47

37

1.6

2.1

1.81

1.71

18r

207

Lípa
il
II

Population

Hybrid

33.0

3r.7

89.8

90.6

716

715

8.76

8.33

56

72

1.8

1.9

.66

.62

240

315

686

680

Uhňněves
Eko

Eko

Population

Hybrid

41.5

39.0

99.6

99.'7

740

738

8.1 1

7.76

183

t'76

1.5

1.2

1.79

1.64

3"r5

431

580

620

Location lntensity Varieties TKW Grain size
Va

Specific
weight g

Protein
7o

Falling
number s

Mďtose
value 7o

Ash
%

Test volume
cml

Hradec
Population

Hybrid

.1J. J

32.0

87.6

87.8

"752

149

9.62

9.1

296

-)l )

1.5

t.8

r.62

r.59

Hradec
il
II

Population

Hybrid

36.1

36.-s

92.7

92.8

153

749

10.1

9.84

281

296

1.8

lo
1.s9

1.57

770

775

Nechanice
I

I

Population

Hybrid

30.3

I /.-')

85.2

79.6

737

732

10.34

10.5

284

328

r.6

1.4

1.51

1.55

Nechanice
il
II

Population

Hybrid

35.9

3'{.8

95.4

92.7

'7 54

744

10.83

10.14

268

293

1;7

r.1

1.63

1.62

775

780

Uhříněves
Eko

Eko

Population

Hybrid

29.9

2'7.32

85.9

75.8

'713

688

9.26

9,39

255

252

0.7s

1.8

1.86

1.83

820

'71s

Location Intensity Varieties TKW
g

Grain
size
7o

Specific
weight

g

Ash
7a

Fďling
number

Š

Maltose
value

7o

Ash
Vo

Maximum
amylograph

unit AU

Test
volume

cm3

Hradec
I

I

Population

Hybrid

3l .9

3r.2

93.1

96.0 723

9.96

9.21

t32

1"73

1.68

1.78

0.81

0.'73

284

380

7U
tlo

Hradec
II

II

Population

Hybrid

32.9

32.2

96.r

91.1

7s5

747

9.91

9.12

151

184

.92

.69

0.85

0.82

318

443

764

740

Nechanice
I

I

Population

Hybrid

32.6

29.1

96.6

92.9

761

739

l 0.80

9.'75

18r 1.50

1.63

0.85

0.84

4'78

610

660

681

Nechanice
il

II

Population

Hybrid

36. l

32.0

98.4

96.9

751,

'138

I 1.8

t 0.6

169

222

50

45

0.91

0.94

362

45'1

744

"t40
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tion with TKW but we did not proved any correlation.
The past weather and stand structure play again a deci-
sive role here.

Specific weight (SW), expressed in our study by
weight one litre of grain in grams is still considered as

a basic input criterion of quality in purchase of rye. Sta-
tistical evaluation showed a decisive effect of weather in
the given year. B u s h u k (19'16) reported that weather is
not related to baking quality but to milling quality when
at higher SW flour yielding is also higher. V 1 a d y k a

and Tuček (l939) associate higher specific weight
even with greater grain size, its thin shell, soft surface
and higher starch content. Lower specific weight fol-
lowed in hybrid varieties from our analyses what coin-
cides with the results from state variety trials
(Jurečka, Beneš, 2000-2002; Jurečka et al.'
2003,2004).

At more locations and years specific weight was sig-
nificantly higher at the second - higher intensity of culti-
vation. The similar situation was in more fertiie condi-
tions. In ecological farming specific weight was
practically identical like in the intensive cultivation (in-
tensity I and II) and reached the required value 730 g. In
additions, we present a relationship of specific weight to
ash content.

The protein content was in majority cases signifi-
cantiy higher in population varieties, in the intensity of
cultivation II and also in more fertile conditions. Simi-
larly, in ecological farming the protein content was
higher in population varieties and higher in the other sys-
tems of cultivation. The highest content of proteins was
in 2003 that was most favourable for three-year period.
Site of cultivation played a significant role in the protein
content (72Ýc), variety only 187o. As it was mentioned
above rye proteins affect much less the quality of rye
baking than wheat proteins. In spite it, many authors re-
port the relationship of the protein content to baking
properties of flour. The effect of weight yield of bread
dough, evidently due to higher viscosity of flour. Corre-
lation between protein content and amylograph maxi-
mum (correlation coefficient 0.25) was not proved in our
calculations of simple regression nor by the relationship
to specific weight of baking (correlation coefficient
0.29 l. The range of protein conten( in our cxperiments
was 9.7-10.1% (N x 5.83 ), what coincides with the data

reported by other authors (Matěiovský' 19a1;
H1aváček, l948; Hýža, Lekeš' 1990). The pro-
tein content was in the above range for rye from ecologi-
cal cultivation, what is a great difference to wheat where
in ecological farming the protein content and quality de-

creased.
In the present system Falling number beionts to im-

portant criteria in the pre i;ent system of evaluatl.'ir of rye
quality. It manifests a certain degree of activity of alpha
amylase, degree of sprouting, and hence it has a relation-
ship to baking quality. It proves the correlation coeffi-
cient found to amylograph maximum 0.74. Average val-
ues of three-year study show significantly higher
viscosity values in hybrid varieties. The effect of inten-

sity of cultivation on Faliing number was not proved by
statistical analysis in three-year evaluation. The values
are ranging between 200-224 seconds. The differences
between locations are not significant, too. Similarly, it is
in ecological cultivation. Differences are small in average
values but the differences are evident in different years

and locations in dependence on past weather. Results of
statistically significant differences in the values of Falling
number in different years. On the level of Falling number
weather participated by 97va anď 3vo formed the site of
cultivation. It is similar with Falling number from state

variety trials where Falling number was also higher in hy-
brid varieties ranging from 180 to 200 seconds.

Maltose in rye grain is producing relatively fast dur-
ing rye germination, so its high content indicates rye
damage by overgrowing. Maltose content 2-37o is con-
sidered as acceptabie.3-3.57o show a slight overgrowing
and the content > 3.57o means a great overgrowing. In
our experiments the maltose content was 1.7-l .9Va.Its
content was signiťicantly higher than in the other years in
unfavourably year 2001. It indicates an effect of weather
in the given year like in Falling number. The maltose
content was insignificantly higher in hybrid varieties,
and mostly without significant effect of cultivation inten-
sity. In some cases only maltose values were higher in
the second intensity of cultivation. The share of past
weather was in this criterion 16% and intensity of culti-
vation was 43%.In ecological farming the maltose con-
tent was lower 1 .2-1 .4%.

The ash content is associated with classification of
flours and there may be great difÍ'erences in its yielding
capacity. Some phosphorus compounds cause acidity of
flours. Average values in the ash content were recorded
in the range of I.31 to L4'7Va. The differences were sig-
nificant in different years, what manifest a marked influ-
ence of weather (91Vo).In fertile region also was signifi-
cantly higher ash content. On the contrary, it much fell in
2003, because there was a great share of large grains.
There were no significant differences among groups of
varieties. However, the relationship of the ash content
and specific weight was conlirmed as it was recorded by
P ř í h o d a et al. (2003a' b). Corrclation coefficient was
highly significant (0.96).

We studied the condition of saccharide-amylase com-
plex using amylograph and amylograph maximum is pre-
sented in our results herein. It followed from them that
significantly higher values were in hybrid varieties. The
effect of cultivation intensity and locations was not man-
ifested significantly but in more fertile conditions the
values were higher. In favourable year of 2003, too, the
values were highest. Again, past weather had the greatest
effect (81%) on the level of amylograph maximum. The
variety participated only by 147o. An attention can be
paid to the data of amylograph maximum from ecologi-
cal cultivation where was higher viscosity that is a signif-
icant property of baking quality of flour. We found the
same for Falling number. Both these values were better
just in samples from ecological cultivation. We men-
tioned above the relationship to Falling number.
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Specific weight of baking in rye has not such an ex-
pressive value like in wheat. There is a certain favour-
able effect ofhigher intensity ofcultivation on the size of
bakrng in experiments. The weight of baking from eco-
logical cultivation is not much different from intensive
systems what shows that good baking quality is reached
from ecological cultivation. Significant differences
among groups of varieties were not proved but great and
significant differences were between experimental years.
The year 2001 was rhe worst of all and the years 2OO2
and 2003 were markedly best ones. The share of weather
in the given year was I l7o , intensity of cultivati on 2J Vo .

Conelation between maltose content and specific weight
of baking (test volume) (0.17) and Falling number and
specific weight of baking (0.45) was not confirmed.

The effect of past weather in the experimental year
should be mentioned in final evaluation of quality indica_
tors of rye. It was manifested more significantly in 2001
at the experimental station Nechanice when thou-
sand-kernel weight (TKW) fell significantly and hence
also the share of front grain of grain size 2.2 and 2.5 and
also specific weight due to dry and very warm May.
Then tiny grain of rye had also higher protein content.
The content of maltose increased together with ash con-
tent. In remaining years past weather during vegetation
was close to long-term average except above-average
precipitation in summer months in the years 2001 and
2002, what did not affec rhe rye quality.

Ifwe sum up evaluation ofdifferent factors in rye cul-
tivation on its technological quality, then past weather
had a decisive effect in all indicators. The site of cultiva-
tion was the only exception in the protein content. The
share of variety in the quality was ranging between 14
and 187a.
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V tříletých pokusech jsme sledovali mlynrířskou a pekařskou kvalitu žita, odrud hybridů a populace v různých
pěstitelských podmínkách a z rtnné intenzity pěstování včetně ekologického způsobu na certifikované pokusné ploše.
Metody rozborů mlynářské a pekařské jakosti byly dělány podle českých norem (ČSp shoaných s EU a metodických
postupů ICC.
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Hmotnost tisíce zrn (HrD byla vyšší u odrůd populace. V některých letech byl tento rozdíl průkazný. Při vyšší
intenzitě pěstování a v úrodněiších lokalitách bylaHTZ obou skupin odrůd vyšší, v některých letech průkazně vyšší.
Nejvyšší HTZbyla ve všech pokusných letech z ekologického pěstování a opět u odrůd populace vyšší než u odrůd
hybridů. Na úrovni HTZ se nejvíce podílel průběh počasí v daném roce (39 7o) aintenztta pěstování (32 vo); odruda se
podílela jen I7 vo.

Vyrovnanost zrna (podíl nad síty 2.2 a 2,5 mm) byla vyšší u odrud hybridů, ale celkově nejvyšší byla u ekologic-
kého pěstování.

objemová hmotnost (1 litru v g) byla vyšší u odrůd populace, v některých letech průkazně. Také při zvýšené
intenzitě pěstování a v úrodnějších podmínkách byla vyšší u obou skupin odrůd. V EZ měly odrůdy populace také
vyšší oH. Rozhodující vliv měl průběh počasí v daném roce'

obsah bílkovin byl také vyšší u odrůd populace při obou intenzitách, zeiména ve zvýšené intenzitě a na úrodných
lokalitách. Na obsahu bílkovin se nejvíce podílelo místo pěstování (lokalita) - ]3 vo a odrůda - 18 7o ' V EZ byl obsah
bílkovin v průměru tří let na úrovni intenzivního pěstování, coŽ je pozoruhodný rozdíl oproti pšenici, která má v EZ
podstatně niŽší obsah bílkovin i kvalitu lepku. Číslo poklesu bylo vyšší u odrůd hybridů a při vyšší intenzitě
pěstování. Podobné hodnoty byly i z ekologického pěstování. V jednotlivých pokusných letech se číslo poklesu
průkazně lišilo podle místa pěstováni, coŽ souviselo s rozhodujícím vlivem počasí v daném roce a lokalitě.

obsah maltózy byl v našich pokusech v rozsahu 1,]-1 ,9 vo, což lze hodnotit velmi příznivě. Mírně vyšší byl
u hybridů a při vyšší intenzitě pěstování. V ekologickém pěstování byl celkově nejnižší - 1,2-1,4 %'Yl|v počasí
a intenzita pěstování měly rozhodující vliv.

obsah popelovin se pohyboval v rozmezi 1,37-1 ,41 va arozdily byly neprůkazné.obsah popelovin ovlivňoval
také průběh počasí v jednotlivých letech.

Podle amylografického maxima se jevila lepší jakost Žita u odrůd hybridů' zvýšené hodnoty byly zejména u vzor-
ků z ekologického pěstování.Vliv počasí se podílel 81 7o aodrida74 7o'

Měrný objem pečiva byl příznivě ovlivněn intenzitou pěstování, která se podílela 2'7 7o, ale počasí '7I Ťo.U ekolo-
gického pěstování byly hodnoty na steiné úrovni jako při intenzivním pěstování.

Ztěchto rozborů vyplývá, Že většina kritérií mlynářské a pekďskéjakosti žita svědčí o lepší technologickéjakosti
hybridních odrůd. Intenzita pěstování přispěla k vyšší HTZ, obsahu ma|tózy a měrnému objemu pečiva. Podíl odrůdy
na většině kÍitérií se pohyboval mezi 14 až 18 7o. Všechny sledované ukazatele jakosti byly aŽ na obsah bílkovin
ovlivněny podmínkami počasí v daném roce, coŽ potvrzuje známou variabilitu technologické jakosti Žita.

Novým poznatkem je zjištění' že při ekologickém pěstování je technologická kvalita u obou skupin odrůd Žita
pÍíznivá pro mlynářské a pekárenské zpracování a tím pro produkci žiÍných bioproduktů.

žito; technologická jakost; intenzivní a ekologické pěstování; odrůdy hybridů a populace
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