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Powdery Mildew Resistance in Czech and Slovak Barley
Breeding Lines

ANTONIN DREISEITL

vury

Agricultural Research Institute Kromériz Ltd., KroméFiz, Czech Republic

Abstract: The genetic basis of mildew resistance of 372 Czech and Slovak breeding lines of barley, including 348 spring and
24 winter barleys, was tested using from 16 to 32 isolates of powdery mildew. The tested lines had passed the inter-station trials
or the Czech State Variety Trials in 1996-2000. Seventeen resistance sources to powdery mildew (Al, Ar, At, Bw, HH, Kw, La,
Ly, MC, Mlo, N81, Ra, Ri, Ru, Sp, Tu and We) have been identified. The resistance was not uniform in 142 lines, that consisted
of at least two components with different genetic basis of powdery mildew resistance. The most frequent resistance was Mlo,
which was found in 99 spring barley lines. In 147 lines, of which 118 were heterogeneous, resistance was not identified or
unknown resistances were found. The resistance background in spring and winter lines was different. For the breeding of barley
cultivars resistant to powdery mildew it can be recommended to use the Mlo resistance, to some extent the combination of
resistances Ri Tu, after examination, some unknown resistances. Preferably, however, new sources of resistance derived from
Hordeum vulgare spp. spontaneum should be utilised.

Keywords: Hordeum vulgare; Blumeria graminis f.sp. hordei; Erysiphe graminis f.sp. hordei; resistance spectra; resistance

genes

Powdery mildew (Blumeria graminis f.sp. hordei) is
the most common disease of barley in Europe. In the
Czech Republic, frequency and disease severity on
spring barley are continuously analysed in the field tri-
als conducted by the Central Institute for Supervision
and Testing in Agriculture. Out of 320 trials analysed
from 1989 to 2000, powdery mildew occurence was
observed in 250 trials and severe occurence of powdery
mildew was observed in 104 trials. Severe occurence of
the other diseases was as follows: leaf rust of barley in
61 trials, net blotch in 26 trials and scald in 19 trials.
Thus, during the last 12 years, powdery mildew was re-
sponsible for 50 % of the epidemics in spring barley
(DREISEITL & JURECKA 1996 and unpublished). Simi-
lar analyses of winter barley infection were carried out
in 145 trials. In the same period, powdery mildew in-
duced 38 % of the epidemics (DREISEITL & JURECKA
1997 and unpublished).

Infection of barley by powdery mildew can consider-
ably reduce yield and grain quality. If there is a threat of
heavy infection, susceptible cultivars are treated with fun-
gicides. These are expensive and not harmless to human
and animal health. Moreover, their application requires
additional financial inputs, may mechanically and/or
chemically harm the crops and soil, and even disturb the

agroecosystem. The efficacy of fungicides is limited by
time and conditions during and after their application.
Therefore, they cannot eliminate all losses. Fungicide
application is also associated with economic risks, since
the disease development cannot be predicted accurately
and the treatment can thus reduce the returns.

Resistant cultivars are a cheap and environmentally
safe alternative of disease control. Effective resistances
protect the cultivar stands from economic loss during
the entire growing season. They are efficient even at
low disease severity, at which the yield loss of suscepti-
ble cultivars is economically below the costs of fungi-
cide treatment. Such cases are most common and
resistant cultivars solve the problem. Due to the grow-
ing of resistant cultivars the inoculum potential of the
pathogen is mostly reduced. Therefore, also, the level
of infection and frequency of heavily infected fields of
susceptible cultivars is reduced.

A fundamental prerequisite for the development of re-
sistant cultivars is the existence, recognition and avail-
ability of effective resistance sources. A plenty of
sources is available for powdery mildew resistance.
Now, their largest collection is maintained at the Agri-
cultural Research Institute Krométiz Ltd. (DREISEITL
2001).

Supported by the Grant Agency of the Czech Republic, Grant No. 522/00/1062.
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Results obtained from studies on cultivar resistance
(DREISEITL 1996, 1997; DREISEITL & JBRGENSEN 2000;
DREISEITL & STEFFENSON 2000) have provided valu-
able information for resistance breeding and for the un-
derstanding of changes in the pathogen population. It is
important to continue collecting this information be-
cause the powdery mildew pathogen continues to adapt
to new sources of resistance in barley. Therefore the ob-
jective of the present study is to postulate resistance
genes in new Czech and Slovak breeding lines.

MATERIALS AND METHODS

Barley germplasm: Three hundred and seventy-two
Czech and Slovak breeding lines of barley (348 spring
and 24 winter) that had passed inter-station trials (spring
barley only) or the Czech State Variety Trials (in bold in
Table 2) in 1996--2000 were tested (Table 2).

Pathogen isolates: 16-32 European isolates of B. gra-
minis f.sp. hordei, mostly of Czech origin from the Ag-
ricultural Research Institute Kromé&fiz Ltd., were used.
Their unified designations (Table 1) are derived from
their virulence patterns corresponding to 12 resistance
genes in coded triplets (DREISEITL 1993a; LIMPERT et
al. 1994) in the order: Mlal, Mla3, Mla6;, Mla7, Mla9,
Milal2; Mial3, Mlkl, MILa; Mlg, Mlat, MI(Bw). The first
10 genes are ranked in accordance with the European
agreement (LIMPERT & DREISEITL 1996). Reactions of
the isolates were recorded on 11 Pallas near-isogenic lines
(P01, P02, PO3; P04B, P08B, P10; P11, P17, P23; P21
and P20) (KOLSTER ef al. 1986), and on the winter bar-
ley cultivar Borwina (DREISEITL 1993b).

Testing procedure: see DREISEITL & JORGENSEN
(2000). Powdery mildew resistance is designated using
the European codes (BOESEN et al. 1996; DREISEITL
1995).

RESULTS

Three hundred and seventy-two Czech and Slovak
breeding lines of barley were tested using from 16 to 32
sclected powdery mildew isolates. The obtained reac-
tion spectra of the breeding lines were compared with
previously determined spectra of the differentials.
Among the tested breeding lines, 17 resistances to pow-
dery mildew (Al, Ar, At, Bw, HH, Kw, La, Ly, MC, Mlo,
N81, Ra, Ri, Ru, Sp, Tu and We) were identified. The
resistance spectra for the standards carrying these genes
are presented in Table 1.

Spring barley

Homogeneous resistance to the selected isolates was
found in 208 of the 348 spring barley breeding lines (Ta-
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ble 2). In 67 of those lines two to four (HE-7566) resis-
tance genes were postulated, and in the line SG-S-186,
in addition to two postulated genes, another unknown
resistance was found. One resistance gene was postu-
lated in 112 lines and one gene always together with
another unknown resistance in other 18 lines. In 10 ho-
mogeneous lines no resistance gene could be identified.

The resistance of 140 breeding lines was heteroge-
neous, i.e. they were composed of two or more lines
with different resistance genes. Resistance genes were
not identified in 92 heterogeneous breeding lines. An-
other 25 lines were found to possess one identified gene.
In 20 of them, another unidentified resistance was de-
termined. At least two resistance genes were postulated
in 23 strains. In five of them, a third unidentified resis-
tance gene was found.

The numbers of identified resistances are given in Ta-
ble 3. The resistances Ra, HH, Kw, MC, N81 and Tu
were identified in one to four breeding lines, the resis-
tances Sp, Al, We, Ri, Ar, At and Ly in 9 to 25 lines, and
resistances Ru, La and Mlo in 57 to 99 lines. An unknown
(unidentified) resistance was found in 146 strains (in 29
homogeneous and 117 heterogeneous).

Winter barley

Twenty-four lines of winter barley were tested.
Among them the resistances Bw, Ra and Sp were iden-
tified (Table 2). The resistance in two lines (HM-407
and KM-1428) was heterogeneous, but the involved re-
sistance genes could not be identified (unknown resis-
tance). The line KM-1308, as well as a selection out of
it, which was tested later, demonstrate also an unknown
resistance to powdery mildew. The most frequently
found resistances in lines of winter barley were Ra and
Bw, namely in 17 and 13 lines, respectively (Table 3).

DISCUSSION

In hybridization programmes are involved, in partic-
ular, registered cultivars and breeding lines that demon-
strated a desired level of agronomically important traits
in advanced trials, besides original sources of selected
traits. Knowledge of their genetic background of pow-
dery mildew resistance makes it easy to predict this re-
sistance in newly developed lines and cultivars.

A total of 16 resistances has been identified in the
spring barley lines. Most of them are not important for
further breeding. The exception is Mlo, despite its pres-
ence in numerous foreign and domestic spring barley
cultivars (DREISEITL & J@RGENSEN 2000). Mlo was
found in 76 lines. Another 23 heterogeneous breeding
lines possess it at least in one component. It can be as-
sumed, that it is present in some other heterogeneous
breeding lines, whose resistance has not been identified.
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Table 1. Resistance spectra of barley standards carrying resistance genes to fourteen selected powdery mildew isolates

Powdery mildew isolates

European Main Barley

code Ml gene standard 0157 1002 1444 1577 1757 2775 3567 4324 4375 4525 5747 6040 6661 7377
None none B-3212 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Al al P01 0 4 2 4 4 0 4 0 0 0 4 0 0 4
Ar al2 P10 0 0 4 4 4 4 4 0 0 4 4 0 4 0
At at P20 4 4 2 4 4 2 4 2 2 2 4 2 2 4
Bw (Bw) Borwina 4 2-3 0 4 4 4 4 4 4 4 4 2-3 2-3 4
HH a8 Pallas 4 4 0 4 4 4 4 4 4 4 4 4 4 4
Kw kil P17 1-2 1-2 1-2 4 1-2 4 4 4 4 4 1-2 1-2 4 4
La La P23 4 2-3 4 4 4 4 4 2-3 4 2-3 4 4 4 4
Ly a7 PO4B 4 1 1 4 4 4 4 4 4 4 4 1 1 4
MC a9 POSB 0 0 0 0 4 4 0 4 4 0 4 0 4 4
Mio mlo P22 04)  0(4) 04) 04 0@  0@4) 04) 04  0(4) 04)  0(4) 0(4) 0(4) 0(4)
N8l aN81 Nepal 81 -2 0 0 4 4 1-2 1-2 0 1-2 1-2 1-2 0 1-2 1=2
Ra ra CH-401 4 1 4 4 4 4 4 4 4 4 4 4 4 4
Ri a3 P02 0-1 0-1 0-1 0-1 0-1 4 4 0-1 0-1 0-1  0-1 4 4 4
Ri Tu a3,aTu? Sara 0-1 0-1 0-1 0-1 0-1 1-2 1-2 0-1 0-1 0-1 01 4 1-2 1-2
Ru al3 P11 4 0 0 4 4 4 0 0 4 0 0 0 4
Sp a6 P03 0 0 0 0 0 0 0 4 4 4 4 4 4 4
We g P21 4 0 0 4 4 4 4 0 4 4 4 0 4 4

£11-S01 “(#) 1007 ‘LE “P2a4g 1uv]d "12u2D) [ Y292)
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At present, a good resistance, but of limited value for
breeding in the future, is provided by the combination
Ri Tu, that was identified in four lines. Resistance de-
rived from Nepal 81 (N81) is of limited importance de-
spite that it was first commercially used only recently
(in 1999) when the Czech spring barley cultivar Mari-
dol was registered (DREISEITL & J@GRGENSEN 2000).
Even unknown resistances may be important, and par-
ticularly those that have been solely found in 10 homo-
geneous lines. They could not be identified since none
of the used powdery mildew isolates contains the corre-
sponding virulences.

Most of the unknown resistances, that were found in
another 19 homogeneous lines, cannot be considered

promising. That holds also for 117 heterogeneous lines
with unknown (unidentified) resistance. Identification
of particular resistances in heterogeneous strains is time-
consuming and thus expensive. It is carried out only in
strains advanced years of the State Variety Trials. From
24 tested lines of winter barley, an unknown resistance
gene has been detected in two strains of KM-1318. This
resistance genes may be of limited importance.
Resistances found in lines of spring barley markedly
differ from resistances in lines of winter barley, even
though the resistance Ra typical for winter barley culti-
vars was found once (SG-S-215) among spring barley
lines. In lines of winter barley, by contrast, the resis-
tance Sp, which is frequent in spring barley, was found

Table 2. Breeding lines of spring barley and winter barley and their resistance to powdery mildew

Breeding line  Resistance Breeding line  Resistance Breeding line  Resistance
Spring barley BR-6085 HU CE-789 Ri

BR-4569 MC La BR-6142 Ru At CE-813 H (Al + Ly, U)
BR-4931 Mlo BR-6151 HU CE-814 RulLa
BR-5125 HU BR-6176 HU CE-815 Mio

BR-5414 HU BR-6197 Mio CE-817 H (Al, La, We + Al, La, none)
BR-5491 H (Mlo + U) BR-6199 Mlo CE-818 ArLa
BR-5532 HU BR-6284 HU CE-831 LyU
BR-5539 HU BR-6318 Mio CE-843 HU

BR-5560 HU BR-6354 HU CE-849 RuU
BR-5565 H (Ri + Ar, U) BR-6359 HU CE-855 RuLa
BR-5573 RuLa BR-6404 Milo CE-868 Ru La
BR-5599 HU BR-6405 Mio CE-881 Mlo

BR-5654 Ru BR-6411 Mlo CE-885 RuU
BR-5659 HU BR-6427 HU CE-898 Mlo Ru
BR-5716 Ru At We BR-6464 HU CE-899 Ly

BR-5760 ArLa BR-6471 HU CE-901 Ru

BR-5783 AlU BR-6481 HU CE-902 Milo

BR-5792 RuU BR-6487 HU CE-903 H (Ru + none)
BR-5819 HU BR-6496 HU CE-906 Al

BR-5832 HU BR-6499 HU CE-912 RuU
BR-5888 HU BR-6536 H (Mlo + U) CE-917 Ru

BR-5907 Ly La BR-6550 H (Mlo + U) CE-923 Ly

BR-5913 HU BR-6559 H (Mlo + U) CE-925 Ru

BR-5914 Mlo BR-6580 Mlo CE-926 H (Ru, La + La, none)
BR-5916 H (Mlo + none) BR-6594 HU CE-927 RuLa
BR-5933 Al BR-6607 H (Mlo + U) CE-932 Ri

BR-5949 ArLa BR-6631 H (Mlo + U) CE-934 Al La
BR-5951 H (Mlo + U) CE-605 Ru La CE-935 Al La
BR-5959 Ly La CE-714 We U CE-937 Al

BR-6062 HU CE-733 HU CE-940 Mlo

BR-6082 HU CE-788 Ri CE-944 Ar
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Table 2 to be continued

Breeding line  Resistance Breeding line Resistance Breeding line  Resistance
CE-947 SpLa We HE-7951 Milo KM-1861 §)
CE-954 Ly La Kw HE-7978 HU KM-1867 U
CE-956 RuU HE-7979 Ly KM-1869 Ly La
CE-978 Ru HE-7991 HH KM-1875 N81 La
CE-990 SpLa HE-8018 Mio KM-1910 Ru
CE-991 Ru HE-8035 Mlo KM-1917 HU
CE-993 HU HE-8208 HU KM-1975 Mlo
HE-5421b RuLa HE-8216 HU KM-1983 Mlo
HE-6291 H (Mlo + Ar) HE-8245 Mlo KM-1989 HU
HE-6446 H (Ly, La, U + Ly, La, none) HE-8282 Mlo KM-1998 U
HE-6536 Al At HE-8289 Milo KM-2003 HU
HE-6674 Mlo HE-8377 HU KM-2027 HU
HE-6856 Milo HE-8405 Mlo KM-2033 Mlo
HE-6858 HU HE-8588 Mlo KM-2045 Mlo
HE-6859 HU HM-31 H (Mlo + U) KM-2055 HU
HE-6889 LyU HM-37 H (Mlo + U) KM-2076 HU
HE-6890 Ly La HM-501 HU KM-2097 Mlo
HE-6894 LyU HM-502 Ly La KM-2099 Mio
HE-6899 LyU HM-517 Ru KM-2100 Milo
HE-7122 Ly La HM-520 HU KM-2103 Mlo
HE-7138 Ru At HM-523 H (Mlo + none) KM-2161 8]
HE-7144 HU HM-701 RuLa KM-2162 u
HE-7146 Ru At HM-702 HU KM-2168 §]
HE-7147 HU HM-703 ArLa KM-2178 H (Mlo + U)
HE-7163 HU KM-1 HU KM-2209 HU
HE-7165 HU KM-2 Mlo KM-2216 Mlo
HE-7185 H (At + La) KM-150 ArU KM-2250 HU
HE-7200 HU KM-204 Mio SG-S-185 Mio
HE-7224 LyLa KM-205 RuLa SG-S-186 SpWeU
HE-7250 H (Ru, At + Ru, U) KM-210 HU SG-S-195 U
HE-7270 HSp + Ly KM-211 Al SG-S-196 H (Ar+U)
HE-7272 HU KM-212 Mlo SG-S-200 HU
HE-7286 HU KM-997 H (Al + Ru) SG-S-201 Ar
HE-7566 Sp At La We KM-1203 Mlo S$G-S-202 HU
HE-7624 Sp At La KM-1606 H (Ru, La + Ru, none)  SG-S-203 Mio
HE-7659 Mio KM-1632 HU SG-S-204 H (Ly, La + Ry, At, U)
HE-7674 Mlo KM-1635 LyuU S$G-S-205 HU
HE-7693 HU KM-1667 H(MC, La,Kw + Ru,La) SG-S-206 HU
HE-7755 RuLa KM-1695 Mio SG-S-207 HU
HE-7792 Mlo KM-1730 Milo SG-§-208 HU
HE-7806 H (Ly, La+ MC, La) KM-1772 Milo SG-S-209 ArLa
HE-7860 La KM-1784 HU $G-S-210 ArLa
HE-7872 Ri Tu KM-1794 Mlo $G-S-211 HU
HE-7883 Mio KM-1801 Milo SG-S-212 HU
HE-7911 H (Ar +U) KM-1810 Mlo SG-S-213 Mlo
HE-7928 Mio KM-1818 RuLa SG-S-214 Milo
HE-7942 Mlo KM-1839 Ri Tu SG-S-215 Ra
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Table 2 to be continued

Breeding line Resistance Breeding line  Resistance Breeding line  Resistance
SG-§-216 HU SG-U-2021B  Ar We SK-4840 Ru
SG-S-217 HU SG-U-2021C  Ar We SK-4856 HU
SG-S-218 Ru We SG-U-2055  Ru SK-4904 U

$G-S-219 RuU $G-U-2062  Mlo SK-4908 HU
$G-5-220 Mio SG-U-2068  Sp SK-4939 H (Ar, La + none)
SG-S-221 N81 SG-U-2070 H (Ri, At + Ri, none) SK-4943 ArU
S$G-§-222 HU SG-U-2070A  Ri At SK-4954 Mlo
SG-S-223 Ri SG-U-2073 RulLa SK-4957 HU
SG-S-224 H (Sp, La+ Sp, none)  SG-U-2077 H (Ru, La + Ru, none)  SK-4962 Ar At
SG-§8-225 Ru La SG-U-2090 Ri We SK-4970 Mlo
SG-S8-226 Ri Tu SG-U-2096 HU SK-5004 H (Mlo + Ar)
S$G-§-227 Ri SG-U-3005 U SK-5066 HU
SG-S-228 At SG-U-3007 Ly SK-5161 H (Mlo + U)
SG-S-229 Ru La SG-U-3010 At SK-5163 H (Ar+ U)
SG-S-230 Ri We SG-U-3021 Mlo SK-5177 H (M]O + Ri)
$G-S-231 HU SG-U-3021B  HH SK-5184 U

SG-§-232 HU SG-U-3023  Ri At SK-5302 H (Mo + U)
$G-5-233 Ly SG-U-4011  Mlo SK-5306 Mio
SG-S-234 Mlo SG-U-4013  H (Mlo + U) SK-5355 HU
$G-S-235 Mlo SG-U-4022  RuAt SK-5363 Mo
SG-8-236 HU SG-U-6011 Al SK-5368 Mio
$G-S-237 HU SG-U-6058 HU Winter barley

$G-S-238 Milo SG-U-6061  RuU HESS -
$G-5-239 H (Ar + U) SG-U-DB-1 HU

$G-$-240 Ru La At SK-13-9-91  H (Ru, At + Ru, nonc) HMA0 Bw
SG-s-241  HU SK-4095  H(Ru, At+Ru none) 403 BiRa
$G-S-242 HU SK-4101 Ri Tu HM-A0 HU
$G-5243  Milo SK-4104  RuAt HM-3LS Ra
$G-S-244  H(Mlo+U) SK-4320 Mlo 1785 BwRa
$G-S-245  LylLa SK-4352 Sp AtLa HM:71 Ra
$G-S246  Mlo SK-4410 Rula KM-103 none
$G-S-247  H(Mlo+ U) SK-4426 HU KM-237 Ra
$G-S-248  H (Mlo + U) SK-4451 H(We,La+ We,none) KM-791 Bw
$GS-249  Milo SK-4548 RulLa KM-906 Sp Bw Ra
$G-$-250  Milo SK-4632 Mlo KM-1318 u

$G-8-251 Mlo SK-4653 RuLa KM-1318-303 U

SG-U-6N H (Mlo + none) SK-4659 HU KM-1428 H (Bw + Ra)
SG-U-I3N  HU SK-4661 HU SG-C 80 Ra
SG-U-15N  H (Mlo + none) SK-4688 Milo SG-C 90 Ra
SG-U-906 ArU SK-4697 HU SG-C 483 Ra
SG-U-1023  RuU SK-4701 Mlo SG-L 76 Bw Ra
SG-U-1024  Milo SK-4770 AtLa SG-L 108 Ra
SG-U-1042  Ru At SK-4793 Ly La SG-L 111 Bw Ra
SG-U-2003 N8I SK-4809 HU SG-L 111/A BwRa
SG-U-2017 Ru SK-4814 N81 La SG-L 113 Bw Ra
SG-U-2018  RuWe SK-4824 HU SG-L 125 Bw Ra
$G-U-2021  Milo SK-4829 HU SG-L 791/98 BwRa
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Table 3. Number of resistances to powdery mildew in barley breeding lines

European codes

Breeder' Sum H?
Al Ar At Bw HH Kw La Ly MC Mlo N81 Ra Ri Ru Sp Tu We U
Spring barley
BR 2 3 2 0 0 0 6 2 1 17 0 0 1 5 0 0 1 37 57 36
CE 6 2 0 0 0 1 13 5 0 5 0 0 3 17 2 0 3 10 42 7
HE 1 3 7 0 1 0 11 10 1 17 0 0 1 5 3 1 1 20 54 21
HM 0 1 0 0 0 0 3 1 0 3 0 0 0 2 0 0 0 5 10 6
KM 2 1 0 0 0 1 6 2 1 20 1 0 1 6 0 1 0 21 50 16
SG-S 0 3 3 0 0 0 8 3 0 16 1 1 4 6 2 1 3 26 56 24
SG-U 1 3 6 0 1 0 2 1 0 8 1 0 4 9 1 0 4 9 35 9
SK 0 5 6 0 0 0 9 1 0 13 1 0 2 7 1 1 1 18 4 21
z 12 23 24 0 2 2 58 25 3 99 4 1 16 87 9 4 13 146 348 140
Winter barley
HM 0 0 0 4 0 0 0 0 0 0 0 4 0 0 0 0 0 1 7 1
KM 0 0 0 3 0 0 0 0 0 0 0 3 0 0 1 0 0 2 7 1
SG-C 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 3 0
SG-L 0 0 0 6 0 0 0 0 0 0 0 7 0 0 0 0 0 0 7 0
z 0 0 0 13 0 0 0 0 0 0 0 17 0 0 1 0 0 3 24 2
!see Appendix 1; 2H = heterogeneous (from the sum), the breeding strain is composed of two or more lines p ing different resi to powdery mildew
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Appendix 1. List of the barley breeders

Symbol Current name and address

Spring barley

BR Monsanto CR Ltd., Breeding Station, 671 77 BraniSovice, Czech Republic

CE Cezea Co., Breeding Station, 696 14 Cej&, Czech Republic

HE Plant Select Ltd., Breeding Station Hrubdice, 798 21 Bediho3t', Czech Republic

HM Monsanto CR Ltd., Breeding Station, 751 17 Horni Mosténice, Czech Republic (no longer breeding barley)
KM Agricultural Research Institute Kroméfiz Ltd., 767 01 Kroméfiz, Czech Republic

SG-S Selgen Co., Breeding Station Stupice, 250 84 Sibfina, Czech Republic

SG-U Selgen Cd., Breeding Station, 538 32 Uhfetice, Czech Republic

SK Hordeum Ltd., Breeding Station, 925 21 Sladkovi¢ovo, Slovak Republic

Winter barley

HM Monsanto CR Ltd., Breeding Station, 751 17 Horni Mosténice, Czech Republic (no longer breeding barley)
KM Agricultural Research Institute Kroméfiz Ltd., 767 01 Kroméfiz, Czech Republic

SG-C Selgen Co., Breeding Station, 503 51 Chlumec nad Cidlinou, Czech Republic

SG-L Selgen Co., Breeding Station, 334 54 Luzany, Czech Republic

in one case (KM-906) besides two typical resistances of
winter barley Bw and Ra. The spectrum of the unknown
resistance, determined in both winter lines of KM-1318,
differs from the spectra of unknown resistances found

in spring barley lines.
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Abstrakt

DREISEITL A. (2001): Odolnost &eskych a slovenskych Slechtitelskych linii je¢mene k padli travnimu. Czech J. Genet. Plant
Breed., 37: 105-113.

Bylo testovano 372 &eskych a slovenskych Slechtitelskych linii je¢mene (348 jarnich a 24 ozimych) 16 az 32 vybranymi
izolaty padli travniho. Testované linie ukontily v letech 1996-2000 zkouseni v mezistani¢nich zkouskach nebo v &eskych
statnich odridovych zkouskach. Bylo identifikovano 17 odolnosti k padli travnimu (Al, Ar, At, Bw, HH, Kw, La, Ly, MC,
Mlo, N81, Ra, Ri, Ru, Sp, Tu a We), 142 kmeni se vyznatovalo heterogenni odolnosti sledovaného znaku (jsou tvoreny
nejméné dvéma liniemi s odliSnym genetickym zaloZenim odolnosti k padli travnimu). Nejéast&ji (v 99 liniich je¢mene jar-
niho) byla zjisténa odolnost Mlo. U 147 kment (z toho u 118 heterogennich) nebyla odolnost identifikovana, nebo byly
zjistény neznamé odolnosti. Odolnosti u jarnich a ozimych linii se od sebe vzdjemné li§i. Pro $lechténi odolnych odrid
je¢mene k padli travnimu Ize doporuéit odolnost Mlo, v omezené mife kombinaci odolnosti Ri Tu a po provéieni i nékteré
neznamé odolnosti. VyuZity by viak mély byt pfedeviim nové zdroje odolnosti odvozené od Hordeum vulgare spp. sponta-
neunt.

Klitova slova: Hordeum vulgare; Blumeria graminis f.sp. hordei; Erysiphe graminis f.sp. hordei; spektra odolnosti; geny odolnosti
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Evaluation of a Collection of Pea Genetic Resources for Seed

Starch, Amylose/Amylopectin and Protein Content

MIROSLAV HYBL, JAN URBAN, JANA VACLAVIKOVA and MIROSLAV GRIGA

AGRITEC, Research, Breeding & Services, Ltd., Sumperk, Czech Republic

Abstract: There is growing interest in pea seed starch and mainly its component amylose for non-food utilisation. 402 accessions
of the Czech National Collection of Pea Genetic Resources were analysed in a one-year trial for seed starch, amylose/amylopec-
tin and crude protein content. The accessions were divided according to seed shape and starch, amylose/amylopectin and crude
protein content into the 9 classes. Classification scales for evaluation of these characteristics were proposed. The starch content
of smooth, wrinkled and intermediate peas was correlated with amylose, amylopectin and crude protein content. Results of
screening could be considered as a preliminary source of information for breeding of pea varieties with improved starch and

amylose content.

Keywords: pea; Pisum sativum; starch; amylose; amylopectin; protein

Pea (Pisum sativum L.) is one of the most important
pulses in Central Europe. Pea has become important as
a source of primary material especially in animal feed-
ing. A smaller part of the production is used for human
consumption. Knowledge related to pea proteins has
been the subject of recent reviews (HOLT & SOSULSKI
1979; CARROUEE & GATEL 1995; CASEY & DOMONEY
1999).

Pea can also been exploited for non-food purposes,
e.g. in the chemical industry the pea starch may be used
as an alternative to petrochemical products (HAEDER
1989).

The pea starch — due to its very specific physico-
chemical properties — has to certain extent a unique
structure in comparison to other usually used starches.
Peas as an important starch source may be grouped ac-
cording to the presence of R/r (rugosus) alleles. Smooth
seeded pea — Pisum sativum L. ssp. sativum var. sati-
vum (genotype RR or Rr) has smooth seeds with oval,
smooth, uncleaved and homogenous starch granules
(BERTOFT et al. 1993a; CHLOUPEK 2000). Seed dry
matter (DM) contains approx. 54% starch (67% amy-
lopectin, 33% amylose), 21% protein and 1.9% lipids
(WANG & HEDLEY 1993; COLONNA et al. 1992; MAKA-
SHEVA 1979). Immature seeds contain approx. 6% sac-
charides, whose level is maintained also in mature seeds.
Pea with wrinkled seeds — Pisum sativum L. ssp. sativum
var. medullare (genotype rr) has cleaved starch gran-

ules with a wide range of size with prevalence of small
granules. Granules are of irregular shape, often with
radial grooves. The seed DM contains approx. 34%
starch (35% amylopectin, 65% amylose), 24% crude
protein. Immature seeds contain approx. 25% saccha-
rides; mature seeds 11% saccharides (BERTOFT et al.
1993b; CHLOUPEK 2000; COLONNA ef al. 1992; MAKA-
SHEVA 1979). KOOISTRA (1962) reported a mutation in
the second locus that is indicated as wrinkle seeded pea
but with starch quality characteristic for smooth seeded
pea (cvs. Countess, Cennia, Alsweet). This rugosus mu-
tation was assigned rb. The mutation reduces the starch
content to approx. 35% in DM, however, the rb muta-
tion, as compared to r, increases the amylopectin con-
tent to approx. 75% (WANG & HEDLEY 1993). Natural
pea starch of smooth seeded genotypes is unique in sev-
eral properties: thermal and mechanical stability (high
stable viscosity at 95°C), high stability against hydrox-
ides and acids, high tendency to gelling, high stability
against cutting, limited ability of imbibition and low fi-
nal solubility at 95°C (BLENFORD 1994). On the other
hand, the starch of wrinkled peas has a wide potential
of use in the chemical industry (BERTOFT et al. 1993b).
Due to high similarity of long amylose chains with high-
ly polymerised molecule chains of synthetic chemical
fibres, it is possible to use amylose with advantage for
the production of plastic foils and containers. In addi-
tion, supplementing amylose to synthetic polymers helps

Supported by the National Agency for Agricultural Research (Projects No. [E 950975077 and No. EP 9163).
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significantly to protect the environment, because these
complex materials easily undergo microbial degradation
(HAEDER 1989).

The main intention of this study was to map the starch,
amylose/amylopectin and crude protein content in a se-
lected part of the Collection of Pea Genetic Resources
and to provide initial information for pea breeders.

MATERIALS AND METHODS

Of the 402 pea accessions 199 were smooth seeded,
183 wrinkle seeded and 20 intermediate. The acessions
were grown for 1 year in a trial and the harvested seeds
analysed for starch, amylose/amylopectin and crude pro-
tein content. Only white flowered peas were analysed.
The collection comprised old and modemn varieties, lan-
draces and breeders lines from Europe, Asia and Ameri-
ca. Seed samples were obtained from the Czech National
Collection of the genus Pisum L. (held in the gene banks
of AGRITEC Sumperk and of the Research Institute of
Crop Production Prague, workplace Olomouc).

Near-infrared reflectance spectroscopy (NIRS) by
means of a PerCon Inframatic 8100 instrument (Perten
Instruments, Huddinge, Sweden) was used to analyse
the content of starch, amylose/amylopectin and crude pro-
tein. From 35 to 40 accessions were used as reference
samples in order to expand and validate the spectroscop-
ic calibration equation for accurate determination. A mi-
cro-analytical method of JONES ez al. (1999) was used
for starch and amylose/amylopectin calibration of the
instrument; the crude protein content was calculated ac-
cording to the Kjeldahl method. The NIRS calibration
method was published in detail earlier by URBAN &
HYBL (1999).

The results were converted to % in DM. The amy-
lopectin content was calculated as the difference be-
tween total starch and amylose content. Each group of
data was statistically analysed using the statistical soft-

ware UNISTAT (UNISTAT, London, England). Evalua-
tion and grouping of samples according to crude pro-
tein content was done following the descriptor list of
the genus Pisum L. (PAVELKOVA et al. 1986).

RESULTS AND DISCUSSION

Considerable variation in starch, amylose/amylopec-
tin and crude protein parameters of smooth and wrin-
kle-seeded peas was found, as is presented in Fig. 1.
The variability in both pea groups was relatively high
for each criterion, due to the very wide genetic base of
the investigated collections. In addition, the seed sam-
ples originated from two locations (smooth seeded peas
from Sumperk, wrinkle seeded peas from Olomouc).
Nevertheless, the study of BASTIANELLI ef al. (1998)
reported a starch content of smooth seeded pea from
42.9t0 52.7% of DM. The range of variability of each
criterion was very different, e.g. the coefficient of vari-
ation (c.v.) for starch content in smooth seeded pea was
8% and for amylose content 2% in the same group of
pea.

The composition of smooth and wrinkle seeded peas
(Table 1) corresponded to what is generally known (REI-
MANN-PHILIPP 1985). The starch content of smooth
seeded peas ranged from 42.9 to 56.5% in DM, with
(standard deviation) s = 2.8. The mean amylose content
was 12.2 % of DM with s= 1.6. The mean amylopectin
content was 37.8% in DM with a c.v. of 7%. Crude pro-
tein in smooth seeded pea varied from 18.1 to 31.4% in
DM, with a c.v. of 8%. CARROUEE & GATEL (1995)
reported a mean crude protein content of 24% in DM in
annual investigations of the UNIP-ITCF. We have found
a mean crude protein content of 26.1% in DM. This is
slightly more, but the genetic variability is higher than
is generally found in cultivated peas.

Wrinkle-seeded peas differed from smooth seeded
peas mainly in a lower concentration of starch content,

A B
60

2 2

e )

g 8 2

B 3

Starch Amylose Amylopectin Crude protein

Amylose Amylopectin Crude protein

Fig. 1. Overall variation of starch, amylose/amylopectin and crude protein content of smooth (A) and wrinkle (B) seeded peas
(boxes indicate the 25" and 75" percentiles of data and bars indicate the 10" and 90" percentiles respectively)
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Table 1. Approximate analysis of smooth, wrinkled and intermediate peas

Smooth peas Wrinkled peas Intermediate peas
No. mean s.d. c.v. min. max.| No. mean s.d. c.v. min. max. [No. mean s.d. c.v. min. max.
Starch 199 500 28 5 429 565|183 287 38 10 17.6 359 {20 41.1 26 6 36.7 45.7
Amylose 199 122 1.6 12 9.0 159|183 204 1.5 10 158 242 |20 19.1 2.1 11 146 229
Amylopectin 199 37.8 2.8 7 30.1 443|183 83 2.7 30 1.7 13.5 |20 22.0 4.0 18 154 31.1
Crude protein 199 26.0 2.1 8 181 314|183 273 19 10 22,6 31.8 {20 265 1.8 7 239 303

Abbreviations: s.d. = standard deviation; c.v. (%) = coefficient of variation

as was found also by others (BERTOFT er al. 1993a;
WANG & HADLEY 1993; ENGQVIST 2001). The starch
content ranged from 17.6 to 35.9% in DM. The stan-
dard deviation of 3.8 was higher than in the group of
smooth seeded peas. The mean amylose content was
20.4% in DM. The s.d. was 1.5, whereas BASTIANELLI
et al. (1998) reported a s = 2.4, but only from 6 acces-
sions. The amylopectin content reached critical values
of 1.7-13.5% of DM with a c.v. of 33%. The crude
protein content of wrinkle seeded pea was usually re-
ported higher than in smooth seeded pea (COLONNA et
al. 1992; CHLOUPEK 2000; WANG & HEDLEY 1993;
MAKASHEVA 1979). This is in agreement with BAS-
TIANELLI ef al. (1998) and with our results, in which
the mean crude protein content was 27.3% in DM.
The data for starch, amylose/amylopectin and crude
protein content followed a normal statistical distribu-

tion, on the basis of which an evaluation scale was cre-
ated (Table 2). Two general groups of smooth and wrin-
kle-seeded peas were formed by means of the UNISTAT
statistical programme. A group of 20 outliers was de-
tected by analysing the wrinkle seeded pea data. A de-
tailed study of the 20 accessions revealed the presence
of a mutation, which was described by KOOISTRA
(1962). The seeds have a less or more wrinkled shape,
but the starch characteristics are similar to those of
smooth seeded peas, although a higher amylose content
was detected. The content of starch, amylose/amylopec-
tin and crude protein of these intermediate types was eval-
uated separately and is presented also in Table 1.
Correlation coefficients between starch, amylose/amy-
lopectin and protein content were calculated. In con-
trast to KOSSON et al. (1994), a positive correlation
between starch and amylose content was found (Table 3)

Table 2. Suggested classification scale for smooth and wrinkle sceded peas according to starch and amylose/amylopectin content

(in % DM)
Starch content Amylose content Amylopectin content

1 very low <45.00 1 very low . <9.75 1 very low <30.00
S 2 45.01-46.50 2 9.76-10.50 2 30.01-32.00
-g' 3 low 46.51-48.00 3 low 10.51-11.25 3 low 32.01-34.00
§ 4 48.01-49.50 4 11.26-12.00 4 34.01-36.00
g 5 medium 49.51-51.00 5 medium 12.01-12.75 5 medium 36.01-38.00
é 6 51.01-52.50 6 12.76-13.50 6 38.01-40.00
2 7 high 52.51-54.00 7 high 13.51-14.25 7 high 40.01-42.00

8 54.01-55.50 8 14.26-15.00 8 42.01-44.00

9 very high >55.50 9 very high >15.00 9 very high >44.01

1 very low < 18.00 1 very low <15.60 1 very low <2.75

2 18.01-21.55 2 15.61-16.80 2 2.76-4.26
g 3 low 21.56-25.10 3 low 16.81-18.00 3 low 4.27-5.77
§ 4 25.11-28.70 4 18.01-19.20 4 5.78-7.28
§ 5 medium 28.71-32.20 5 medium 19.21-20.40 5 medium 7.29-8.79
% 6 32.21-35.80 6 20.41-21.60 6 8.80-10.30
‘R 7 high 35.81-39.30 7 high 21.61-22.80 7 high 10.31-11.80
= 8 39.31-42.90 8 22.81-24.00 8 11.81-13.32

9 very high >42.90 9 very high >24.00 9 very high >13.32
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Table 3. Correlation coefficients between starch, amylose, amy-
lopectin and crude protein in smooth, wrinkled and intermediate

peas

Pea
smooth wrinkled intermediate
Amylose 0.285%* 0.806** —0.424*
Amylopectin 0.849** 0.945%* 0.859**
Crude protein 0.387** —-0.529** —0.717**

**significant at p < 0.01; *significant at p < 0.05

in both the smooth and wrinkle seeded pea groups. The
negative correlation within the intermediate group was
an exception, but the correlation was rather low and sig-
nificant only at p > 0.05. Our results of a negative cor-

relation between starch and crude protein in smooth

seeded peas are in accordance with data of CARROUEE

& GATEL (1995). We have found this correlation in all

investigated pea groups. From the correlation coeffi-

cients and from the data in Table 4 follows:

— wrinkle seeded peas with low starch content included
low amylose and low amylopectin in the proposed eva-
luation scale. High starch content within the same group
of peas was usually associated with a high amylose and
amylopectin proportion in the evaluation scale. This
means that genotypes with high starch content and a
very high amylose and low amylopectin proportion on
the evaluation scale were not present;

— however, in smooth seeded peas, a decrease of amylo-
pectin induced an increase of amylose. This was inde-
pendent from the total starch content. This phenomenon
was not observed in the group of wrinkle-seeded peas.

Table 4. Starch, amylose, amylopectin and crude protein content of smooth and wrinkle seeded peas accessions and intermediate

peas (% in DM)
£ 3 £ 3
: o 8 B ; 9 g B
Accession name & 2 _8_“ 3 Accession name e K E— 3
o > > < [ > > =
s E E £ 3 £ E £
7] < < Q 2] < < Q
Smooth seeded peas
Vermeer 56.39 12.69 43.70 25.15 Nsl. LU-1115/23/Merkur 5345 12.08 41.37 24.87
Bohatyr 56.16 12.24 4392 2333 Romeo 53.27 1438 38.89 2249
N.sl. LU-156/21/Sonet 56.00 1596 40.04 23.68 Record 53.26 1497 3829 2535
N.sl. LU-138/10/Saturn 55.89 1442 4147 2598  Heralda Quedlinburger 53.25 1358 39.67 26.01
N.sl. HM-2648/9/ 55.56 1122 4434 29.13 Odin 53.14 1334 39.80 27.07
Stambovyj 2 5540 13.90 4149 2231 Cambar 53.09 11.89 41.19 2475
Schobi 5537 13.84 41.53 23.54 Mangetout Demi Rames
Podfipan 5531 1123 44.08 2546 Treslarg 53.02 960 4342 2751
Polak 54.94 13.46 41.48 2531 Parel 52.92 12.96 39.95 26.51
Konservenperle 5493 1280 42.13 2818  Wierzigtalige 52.86 12.05 40.81 26.60
Olivin 5489 1164 4325 2543 [Inter 5286 1073 . 4213 2475
Agat 5477 10.68 44.09 2013 Orion 52.84 11.89 4095 25.75
Libella 54.70 11.32 43.38 22.64 Express 52.80 11.04 41.77 24.79
Kibiaddas s467 1471 3996 2225 Zukerperle 5273 1287 39.86 2675
Menhir 54.46 14.43  40.03 2034 Tracer 52.70 1528 3741 2495
Tolar 5438 1381 4057 19.94 Amerikaniche Markerbse 52.53 11.08 41.44 2570
Komet 54.30 14.50 39.80 18.06 Pi‘ebohaty 52.42 12.95 39.47 28.59
Bodil 5415 13.05 4110 2343 Juran 5241 1394 3847 2470
Tyrkys 54.02 14.59 39.44 24.60 Flavanda 52.39 13.19 39.16 25.90
L 11 (new breeding) 5373 1220 4153 2436 LimburgseGroencKrombek 52.34 1225 40.10 24.56
N.sl. HM-2689/19/ 53.69 1401 39.67 2338 Orlus 5221 1206 40.15 2095
Sobel $3.60 1447 39.13 2562 Jundk 5205 1265 3940 2227
Zwilling 5349 1567 37.82 2575 Majski 51.94 1397 3797 25.08
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Table 4 to be continued

Accession name 2 & E Accession name = § E‘ E

I S S : ¢ & i

' i F E : 5 0§
Tabu 51.91 1490 37.02 26.57 Unica 5022 12.66 37.57 26.63
Krinertv zeleny velkozrny 51.90 10.64 41.26 27.17 Sandra 50.17 13.55 36.63 21.33
Smaragd 51.75 10.87 40.88 25.38 Janus 50.15 1424 3591 25.19
Caractacus 51.74 1257 39.17 27.55 Giant Morheim Sugar 50.14 1048 39.66 29.13
Unica 51.68 10.70 40.98 25.50 Flandrexquis 50.12  11.53 3859 27.96
Orlov¢anin 51.65 11.47 40.18 2537 Agra 49.97 12.19 37.78 2339
Profi 51.64 1250 39.14 23.83 SOD 2294 49.96 1234 37.62 23.13
Precoce di Annonay 51.64 12.08 39.55 25.82 Rembrandt 4994 1393 36.01 2591
Serpettes Guilloteaux 51.62 10.58 41.04 2459 Bulava 49.89 10.58 3931 28.10
Brunswiga 51.60 1032 41.28 28.52  Slovensky Expres 49.89 1347 3642 2522
Jihoafricky krmny 51.51 12,62 38.89 27.32 Pfedchidce 49.88 11.52 3836 26.06
Venloense Lage 5148 11.89 39.59 28.74 Koivisto 49.88 13.17 36.71 25.00
Liliput 5148 11.22 4026 2675 Sofia9 49.80 1021 39.59 2738
Pollux 5141 14.14 3727 2776  Grune Rotbluhende Niedrige 49.79 13.69 36.10 27.74
Stendes Hero 5141 1275 38.66 2526  Waldmanns Grune Waldoria 49.78 10.11  39.68 28.67
Gloire de Quimper 5134 11.14 4020 2739 Belgicky 49.73 10.14 39.58 2743
Finale 5131 11.85 3945 27.56 Dik Trom 49.71 13.02 36.69 26.18
Froidure 51.28 15.13 36.15 26.09 Geneva2l 49.71 1094 38.77 28.18
Détenicky Zluty velkozrmny 51.26  12.71 38.55 21.87 Late Veense 49.70 11.23 3847 2751
AZ 26 51.10 12.37 3873 2488 Nejrangjsi BXB 49.59 10.81 38.78 28.77
Aurora 51.09 10.58 40.52 26.10 Michaux de Holande 49,52 1238 37.14 2570
Dalibor 51.06 12.10 3896 2233  Schnabel Gruner 49.52  11.19 3833 25.76
Vjati¢ 51.02 11.28 39.74 23.88 Meidoppers 4943 1196 3747 27117
Fruhe Harzerin 50.87 12.36 38,51 28.53  Uberreich 4929 1227 37.02 26.03
Kujawski Wcsesny 50.84 11.59 3925 26.09 Rostovskij vysokij belij ~ 49.23  13.73 3549 27.43
Taqiewnicki 50.74 1542 3531 25.70  Hrach z Poligky 49.21 13.68 3553 28.74
Supovaja Lopatocka 181 50.73  12.38 38.35 2570  Tidling Lav 49.18 1234 36.84 2730
Nejranéjsi majovy 50.64 12,71 3793 2834 GA91POI0 49.14 11.89 3725 24.73
Zegalov 50.60 15.74 34.86 2591 FinDe LaBievre 49.11 1031 38.80 26.72
Shasta 50.57 12.09 3848 26.06 Roide Serpektes 49.08 10.06 39.02 26.54
Kralicky ovélny 5053 1112 3941 2594  Stupicky velkozrnny Zluty 49.03 14.27 34.76 25.64
Hylgro 5048 11.76 38.72 26.92 Desarales 48.98 1229 36.68 2727
Renata 5047 1332 37.15 23.52  Espoir De Gembloux 48.84 11.53 3732 22.06
Zidlochovicky Folger 50.46 1029 40.17 28.76  No. 527 48.81 12.74 36.07 25.07
Rival II 5045 10.34  40.11 24.39  Buschbaum zobakovity 48.76 1229 3647 25.77
Krombeck 5044 1332 37.13 2556 Atol 48.72 11.25 3747 24381
Borek 50.44 10.14 4030 25.78 Mala Poryianka 48.61 9.19 3942 29.72
Zidlochovick)" Viktoriarany 50.44 1231 38.13 2220 Juno 48.47 1139 37.08 2295
Orlovéanin [ 5042 1230 38.12 27.17  Engelesk Sabel 48.44 9.74 38.70 27.93
Anik 5032 10.52 39.80 27.89 Ruhm von Kassel 48.42 1225 36.17 29.03
Nan-Czin-Tjan-Van-Dor 5030 13.63 36.67 24.76  Majskij Rannyj 4839 10.02 3838 2791
Sen-jan-czjao-sen 50.26 13.22 37.04 24.57 Saxa 48.38 1142 3697 27.90
Dickson 50.24 11.00 39.23 28.03 Radio 4838 1248 3590 26.08
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Hijlkema Unica 4837 12.04 3633 27.69 Petit rovensal 4735 10.80 36.55 26.12
Orlik 4832 1232 36.00 23.99 Sperba 47.16 1146 3570 28.83
Buxbom White 48.32 11.98 36.33 27.67 Klarus 47.16 1547 31.69 24.53
Dornburger Gelbe 48.24 9.89 3835 28.83  Graue Pariser Schwert 47.05 9.88 37.17 29.25
Ju Aamisepp 48.19 993 3826 27.98  Sylvester 49 47.03 10.82 3622 2933
Nordost 48.19 10.79 37.39 2526 DP 1059 46.96 12.07 34.89 25.63
Douce rovence 48.17 10.12 38.05 29.30 L 3 (new breeding) 46.93 1328 33.65 23.79
Liblicky Bastard 48.11 11.64 36.47 2585 Novozélandsky 46.81 13.86 3295 2691
Buchsbaum 11 48.07 11.54 36.53 30.22 Neue Riesenschnabel 46.80 992 36.88 31.42
Trumpf 48.05 9.71 3834 29.12  Hréach ze Samikovic
Zeiners Kurzund Gut ~ 48.05  9.61 3844 2768 CLI9.1L 46.79  9.03  37.76  25.64
Progreta 48.04 985 3819 27.82 Viktoria 800 46.70 9.67 37.03 24.75
Maja 4796 13.67 3429 2575 Juwel 46.58 10.39 36.19 2932
Piebohaty 4787 10.53 37.34 2550 Profal 46.51 12,98 33.54 27.86
Maminath 47.85 12.01 35.84 2836 HindukushlIl 46.49 12.78 33.70 26.85
Onyx 4785 10.19 3766 2731 Cwartkowy 46.31 10.79 35.52 27.85
Jupiter 47.83 13.68 34.15 23.13 Viktoria 75 46.18 14.87 3131 25.78
Szn-Jan-Cz-Jao-Szn 4783 11.86 3597 2827 Erbi 46.03 1229 3374 2423
Swensk Sabel 4781 1219 3562 28.62 Rasper Groene 4596 10.85 35.12 2742
Montana 4779 13.67 34.12 24.17 Konservova kralovna 45.93 11.67 3427 2734
Klatovsky zeleny 4775 12,61 35.14 27.17 Onsa 4591 10.10 3581 27.50
Solara 47.72  12.17 35.55 22.85 Hréach z Pardubic 4589 13.63 3226 28.16
Milion Zluty 47.70  14.02 33.68 23.57 Odeon 4589 1487 31.02 25.69
Norrlands 47.69 1040 3730 2735 Saxa 4579 13.60 3219 25.88
Nan-czin-tjan-van-dpu 4769 12.83 34.86 25.96 Zborovicky Viktoria 45.56 1435 31.21 2749
Raman 47.66 14.68 3298 23.66 Nordost Kleine Weisse 4527 1091 3436 29.85
Lotta 4763 11.77 35.87 27.19  Stupicky zeleny 45.09 9.60 3549 2726
Knieaca koruna 47.54 1179 3575 28.81 Milevsky krajovy 44.60 13.56 31.04 27.79
Proteus 47.52 1259 3492 2483 Meteor 44,50 1433 30.17 2225
Slovensky konservovy 47.51 1335 34.16 2532 Sprutll 44.13  11.08 33.06 2538
Pixie 47.50 1040 37.10 26.79 Diosecky Kentisch 43.66 9.17 3449 2795
Mansfelder Grune 4745 1143 36.01 28.18 Milion zeleny 4329 1160 31.69 2573
Zborovicky zluty 47.40 1081 3659 2723 Meteor 4293 11.72 3121 2843
Wrinkle seeded peas
Nott s Excelsior 3593 2336 12.58 2598  Selkirk 3433 2266 11.67 2696
Zidovicka Perla 3524 2185 13.39 27.01 Main Knight Poisnide 34.17 2324 1093 27.67
Coronado 35.11 2247 1264 2586 Orcado 33.77 2026 13.51 26.24
Jof 3500 2240 12,60 27.84 Venus 33.68 21.89 11.79 29.17
Bornella 3473 2223 1250 27.11 Marifon 33.67 2222 11.45 22.60
Amos 34,54 2176 12,78 2622  Orkado 33.64 20.19 1346 2628
Dinara 3441 2271 11.70 2594 Rapid 3352 2179 1173 2421
Roi des Halles 3433 2232 12,02 26.52 Osterlen OJO 3348 2277 1071 26.67
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Palas 3336 23.02 1034 28.09 Rogers Key 31.44 2264 8.80 27.04
Royal Salute 3336 2235 11.01 26.01 Gerda 3143 2043 11.00 26.07
Zaboj 3331  21.65 11.66 24.03 Beta 31.27 2251 8.76  26.76
Bohdan 3321  21.25 11.95 2594  Kasal 31.27 2032 1094 2423
Margit 33.15 2022 1293 2626 Commander 31.25  22.50 8.75 27.05
Wando 17 33.11  23.18 993 2794 Banquet 31.20 1996 11.24  27.60
Kelvedon Champion 33.10 23.50 9.60 28.02 Bravado 3120 2059 10.61  26.58
Polar 33.05 2148 11.57 2421 Birgit 31.17 2026 1091 29.42
Asanji 1.C. 3024 3294 19.76 13.17 2427  Skinado 31.08 2083 10.26 24.91
Kontrola 3290 24.02 8.88 2579  American wonder 31.08 19.89 11.19 26.75
Radim 32,78 2196 10.82 2555 Karina 31.06  20.81 10.25  27.11
Revolution 32,71  20.28 1243 2831 Jof 3096 20.13 10.84 27.56
Superbe Roland 32,70  22.56 10.14 27.87  Telefone a Rames 3095 2228 8.67 27.11
Telephone 3265 2416 849 27.13 Comet 30.90 21.63 9.27 2298
Coral 32,62 2022 1239 2723  Favorit 3090 21.01 9.89 25.18
Ctirad 32.60 23.80 880 25.85 Gloriosa 30.75 21.22 9.53 25.52
Zidovicka Edelperle 3256 2084 11.72 26.92 No. 4683 30.75  23.06 7.69  26.69
Banf 3248 2046 12.02 2567 Witham Csadaja 30.74  19.67 11.07 25.54
Warindo 3248 2208 1039 2289 Foli 30.70  19.65 11.05 26.38
Prodige 3243 23.02 9.40 2792 Tiny 30.67 20.55 1012  26.40
Horymir 3242 2075 11.67 24.48  Milget 30.58  21.10 9.48 27.40
Haubner s Siegerin 3241 2237 1005 27.58  Junos 3045 1949 1096 26.77
Kerstin 3233 21.02 1132 27.60  Witham Wonder 3043  18.87 11.56 23.96
Syrenka 3223 22.24 999 2752 N.72 3036 21.25 9.11  29.48
Granada 3221  21.90 1031 24.87  Vroni 30.34  20.63 9.71  27.60
Vitalis 3220 22.54 9.66 29.02 Radovan 3033 21.84 8.49 25.84
Slavoj 3219 2189 1030 2437 Desi 3031 21.83 8.49  29.00
Boretta 32,18 20,60 11.59 2791  Erik 30.29 1969 10.60 27.73
Erfo 3217 2091 1126 26.68 Rani 3027 20.28 9.99 26.98
Trimento 32,12 2056 11.56 28.17 PSM7164 3022 20.55 9.67 27.80
Mozgovoj Malceva 32.08 22.13 994 2724  Uniroy 30.18 2143 8.75 26.88
Banquet 3207 2245 9.62 26.14 Wolf 30.17  20.82 935 25.24
Chertensens Cornel 32.00 23.04 896 2727 Radim 30.16  22.02 8.14 29.27
Coronet 3195  22.69 9.27 24.82  Bliss Abundance 30.15 2201 8.14 25.01
Virtus 31.90 2297 893 27.17 Brunonia 30.14 1959 1055 23.74
Hundredfold 31.89 2296 8.93 29.57 VSB-1145 30.10 2197 8.13 2356
Agtam 1118 31.85 2134 1051 26.10 Remus 30.09 20.16 9.93  27.03
Banquet 31.82 2354 8.27 23.67 Dinga 30.09 1956 10.53  26.59
Bravado 31.70 2092 10.78 2697 David 30.09 2046 9.63 2593
Camina 31.58 20.84 10.74 24.65 Dickmadam 30.07 19.55 10.52 2336
Bikini 3154  19.87 11.67 2694 Laxall 30.06 22.85 721 2830
Junior 31.53  20.81 10.72 2873  Vicuna 30.02  21.61 8.40 2727
Zif 1089 31.47 21.40 10.07 26.11 Marita 29.99  20.09 9.90 2638
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Waunder von Kelvedon 2997 1948 1049 27.67 Actia 28.47 19.64 8.82 28.14
Rentpayer 2997 1948 1049 2456 Kontiky 2837 19.57 8.79 26.95
Quedlinbureg Delex Bornella 28.33  20.68 7.65 2734
Hochzucht 29.88 2061 926 3142 wayerplus 2827 2064  7.63 27.39
Cukrovy 29.84 1970 10.15 2498  Orion 28.07 2049 7.58 27.52
Bornova 29.82 2028  9.54 27.64  Sprinter 28.03 2131 6.73 2826
Nobel 29.76 2172 8.03 2428  Gloriosa 28.00 19.88  8.12 27.67
Kobald 29.61 19.84 9.77 24.71 Wasatch 2791 20.65 726 27.40
Catalina 29.61 19.84 977 2732 362 AWN. 2787 19.79  8.08 23.75
Migella 2956 20.10 946 2682  Moravan 2779 2140 639 26.11
Curico 29.52 2037 9.15 27.76  Triola 27.77 20.27 7.50 28.65
Tristar 29.51 20.06  9.44 2643  Ppeter Ban 2770 19.66  8.03 29.56
Eislebener Siegerin 29.38 21.74 7.64 28.72  Greenfeast 27.69  19.66 8.03  30.48
Mergert 29038 1998 940 2504 [nga 27.63 2017 746 26.53
Daybreak 2935 1996 939 2792  Undine 27.57 1930 827 27.46
Ambrosiana 29.34  20.54 8.80 2879  Triofan 27.40  20.55 6.85 2498
Duc d’Albany 29.27  19.61 9.66 2840  Delikates Robusta 27.38  19.71 7.67 2445
Lumir 2923 2251 672 2689  Hunter 2730 1939 7.92  30.58
Mergert 2923 1959 9.65 27.18  Citrina 27.13 2007  7.05 26.80
Ballado 29.22  20.16 9.06 27.69  Dorit 27.07 19.49 7.58  26.96
Oskar 2920 1986  9.34 2686 Domino 2698 1970 728 2621
Scout 29.18  19.84 934 2820  Triodark 26.88 2043 645 27.76
Delikates 29.18 1896 10.21 2442  Qaxa 26.82  20.38 6.44 29.82
Arika 29.12 2009  9.03 28.14  Kelvedon Wonder 2678 19.55 723 27.89
Helga 29.08 1948  9.60 2476 Lynx 2676 19.80 696 25.11
Frigga 29.06 2005  9.01 2696 Bordi 26.71 2083 588 29.10
CL 903 2901 2205  6.96 2512 Early frosty 2671 2083  5.88 29.20
Salzmunder Grune 29.00 19.72 9.28 26.08 Regina 2650 19.87 6.62 28.69
Havel 2886 18.76 10.10 2830  promise 2646 19.84  6.61 30.96
Dfefiovy L 9 28.86 2135  7.50 26.66 Varas 26.44 19.57  6.88 24.80
Balsa 28.85 2049 837 25.56 Bliss abundance 2638 2058  5.80 29.20
Wav 522 28.81 2160 720 2390 Manuella 2633 1922 7.1  26.88
Fabundo 2878 2072 8.06 2813 Rapid 26.19  19.64 655 29.80
Kronenperle 2876 1985 892 29.09  Fursten krone 26.16 2067 549 30.20
Apexina 2864 1976  8.88 26.57 Ranka 26.14 1935  6.80 2845
Bordi 28.64 2005 859 2842  Spring 26.10 20.10  6.00 29.49
Junior 28.59  20.01  8.58 2892 (Costa 2599 1949 650 29.06
Mira 28.57 2228  6.28 28.02  perfa 2591 19.69 622 27.12
Dippe’s Foli 2856 19.70 885 27.15  San Cipriano 2583  20.15  5.68 29.10
Nefrit 28.52 2082  7.70  26.89  Wunder von Kelvedon 25.58 1944  6.14  29.00
Valgreen 28.50 20.80  7.69 28.50  US 95945 25.50 2040 510 2830
Calama 28.49 1995 855 2675  Bodeperle 2542 1932 6.10 2445
Argona 2847 1993 854 2485  wWando 2539 19.55 584 29.66
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Moni 2499 18.74 6.25 30.47 Canners King 2291 19.70 321 29.74
Frizette 24.85 19.64 522 28.80 Swet American Pea 22.89 18.77 4,12 28.07
Prince of Wales 2482 19.61 5.21 28.68 Borovcyna 28 22.78 1845 433 29.02
Carter’s Skipper 24.74 18.80 594 2420 NZ3080 22.67 18.14 4,53 30.01
US 95934 24.63 2044 4.19  28.60  Pluperfect 2247 18.87 3.59 2896
Grune Runzlige Zuckererbse 24.51  19.61 490 28.05 DN-29 2234  18.77 3.57  30.60
Alta 2445 1931 5.13  29.93  Indicky mutant 2233  19.20 3.13  29.80
Breustedts Ceres 2442  19.05 537 29.70  Paramacent 22,00 18.92 3.08 28.80
Markana 2441 20.75 3.66 30.18 Margarit 2193 1842 3.51  30.37
Lynx Tree 2433  19.22 5.11 26.74  Locovil 21.82 1833 349 31.15
Progress 24.17 1933 4.83 2991 Cobolt NZ 3305 21.33  17.49 3.84 29.98
Dark Skin Perfected 24.14  19.07 5.07 28.00 Clucas Comet 2131 1747 3.84  30.65
Alton 24.08 18.55 5.54 23.76  Grietovo Kronenerbse 21.25 18.06 3.19  29.24
Catemu 24.06 18.77 529 27.01 Nugget 21.18 18.00 3.18 2831
Borec 2394 19.15 4.79 29.13  Sutton s Excelsior 21.10 1730 3.80 29.19
Chancelot 23.85 19.32 4.53 2937  Freezer 37 2096 17.39 3.56 31.05
Darfon 23.79 18.56 523 27.61 Beilant G-35 20.60 17.51 3.09 29.80
Senator 23.66 18.69 497 29.60 Picardie 20.33 16.88 346 3028
Confidence 23.62 1842 520 26.00 Freezer Perfected 20.16 17.54 2.62 27.06
King 2349  19.02 446 29.74  Laxtons Progress 20.10 16.88 322 29.10
Neberfluss 2333 19.13 420 3093 Minarette 19.96 17.56 239  31.58
[zumrud 2320 19.26 394 28.70 Perfection Canner 19.46 17.32 2.14  30.02
Voronézsky zeleny 23.20  19.26 3.94 28.10 Centurion 19.03  16.74 228 31.78
Tezierprestige 6378 23.00 18.63 437 30.88  Freezer 626 17.61 15.85 1.76 ~ 27.79
Intermediatc peas
Aviator 4573  14.63 31.09 23.95 Siziliens Wunder 41.62 1873 22.89 24.62
Zukerfee 4541 19.53 2588 26.69 Emigrant 41.51 19.51 22.00 27.15
Marrowfat 44.16 19.87 2429 2391 Rembrandt orig. 40.07 2044 19.64 27.35
Zelka 43.70 2098 22.72 26.24 Early American Pea 39.97  20.39 19.59 27.02
Nejrangjsi BB new breeding 42.92 16,74 26.18 24.03  Prince Bismack 3943 21.29 18.14 28.37
Du Cordon Blue 4282 1584 2697 2549 BigBen 39.12  15.65 23.47 29.09
Korstro Schrokker 4190 20.53 21.37 2598 Foremost 37.78 2040 17.38 29.08
Boordevol 41.84 17.57 2427 2441 Roides Fins Vert 37.59 20,67 1691 30.34
Onsa Hadmerlebener 41.65 17.08 24.57 25.55 Gebruder Dippes Delex 3745 22,10 1536 26.36
Juni Schwert 41,63 21.23 2040 27.53 Ideal 36.71 19.82  16.88 27.97
Detailed results of the analysis of starch, amylose/amy- References

lopectin and crude protein in the groups of smooth, wrin-
kled and intermediate peas are presented in Table 4. The
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of peas with improved starch and amylose content.
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HYBL M., URBAN J., VACLAVIKOVA J., GRIGA M. (2001): Stanoveni obsahu $krobu, amylosy/amylopektinu a hrubého
proteinu v kolekci genetickych zdroji hrachu. Czech J. Genet. Plant Breed., 37: 114-123.

Skrob obsazeny v semenech hrachu a zejména jeden z jeho komponent(i — amylosa, jsou v soudasnosti intenzivn& zkouma-
ny piedev3im pro moZnost jejich nepotravindiského vyuziti. V jednoletém pokusu bylo analyzovéno 402 polozek z Nérodni
kolekce genetickych zdroji hrachu na obsah $krobu, amylosy/amylopektinu a hrubého proteinu v semenech. Na zakladé
tvaru semen a obsahu 3krobu, amylosy/amylopektinu a hrubého proteinu byly analyzované polozky rozdéleny do 9 katego-
rii. Pro uvedené rozdéleni zminénych charakteristik byla navrZena klasifikaéni stupnice. Byly zji§tovany korelace mezi
obsahem $krobu a amylosy, amylopektinu a hrubého proteinu u hrachu kulatosemeného, hrachu se srvrastélym povrchem
semen a intermediarniho hrachu. Uvedené vysledky mohou byt pouzity jako prvotni informace pro $lechténi hrachu se zmé-
nénym obsahem $krobu a amylosy.

Kli¢ova slova: hrach; Pisum sativum; $krob; amylosa; amylopektin; proteiny.
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Correlation Studies in Pearl Millet

PARTAP SINGH SABHARWAL and KULVINDER SINGH

Department of Plant Breeding, CCS Haryana Agricultural University, Haryana, India

Abstract: The variability and phenotypic correlation were studied in a collection of 150 genotypes of pearl millet (Pennisetum
glaucum [L.] R. Br.) and in subgroups of tall, medium and dwarf genotypes. The phenotypic coefficient of variation of the whole
collection was higher for the number of productive tillers per plant, dry fodder yield per plant and grain yield per plant. The
variation in the dwarf group was small, indicatinge less chances of improvement. The positive correlation of grain yield and dry
fodder yield is encouraging for the development of dual purpose materialgenotypes from the evaluated germplasm.

Keywords: pearl millet; correlation coefficient; germplasm; grain yield

Pear] millet is an important cereal crop of arid and
semi-arid regions of the world. In Asia and Africa it is
grown mainly for grains, whereas in Australia and USA
it is grown for feeding and fodder. In India it is the fourth
most important crop after wheat, rice and sorghum. Pearl
millet is considered a nutritious food because of its high
biological value. It contains 11.6% protein, 5% fat and
2-3% minerals and reasonable amounts of essential
amino acid such as tryptophane, threonine, arginine and
lysine. Information on the genetic variability is very
important for initiating any systematic breeding pro-
gramme in pearl millet, because sufficient genetic vari-
ability in the base material is necessary - for breeding
better genotypes. Since yield is a complex trait, the com-
ponents of which may be differently associated with
yield and inter-related, the understanding of their inter-
relationship is essential for the improvement of yield. A
number of correlation studies in pearl has been published
(SANGA & SINGH 1973; MUKHERII et al. 1982; MANGA
& SAXENA 1985; MANGAT & SATUA 1991; LATHA &
SHANMUGSUNDRAM 1977; HARER & KARAD 1998).
The present study was conducted to find the association
between traits within the available collection and to
compare subsets genotypes differing in plant height.

MATERIAL AND METHODS

The 150 genotypes and 2 checks, ICR 161 and CSSC-
46-2, were grown in 1999 and 2000 at the CCS Haryana
Agricultural University, Hisar reseach farm, in an aug-
mented design on 4 meters long one row plots, spaced
60 cm. Plants within rows were spaced 15 cm. Recom-
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mended agronomic practices were applied. The geno-
types were grouped according to plant height as follows:

Sets based on dwarf medium tall
Plant height (cm) <100 100-140 >140
Blocks 2 3 6
Genotypes

in each block 10 15 15

Five more genotypes were added to the existing 150
genotypes to adjust the sets for proper analysis because
the dwarf group had only 10 genotypes. The data were
recorded on five competitive plants selected in each gen-
otype. The following traits were recorded: days to 50%
flowering (from sowing to the start of 50% plants flow-
ering), plant height (in cm from ground to the ear tip),
productive tillers per plant (only tillers contributing to
yield), leaf length (in cm from the base to the tip of the
leaf below the flag leaf), leaf width (in cm), ear length
(in cm from the base to the ear tip on the primary tiller),
ear girth (thickness of the ear in cm), peduncle length
(measured in cm from the flag leaf ligula to the ear base),
dry fodder yield per plant, grain yield per plant (grams),
1000-grain weight (weight of 1000 random grains dried
at room temperature). The significance of differences
between genotypes for different traits was tested as de-
scribed by FEDERER (1977) for the Augmented design
I1. The Phenotypic coefficient of variation (PCV) was
calculated according to BURTON & DE VANE (1953).
The associations between yield and its components was
examined by computing phenotypic correlation coeffi-
cients between the traits and testing their significance
according to FISHER and YATES (1967).
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RESULTS

The analysis of variance (ANOVA) of the whole col-
lection revealed, that the mean squares (MS) for geno-
types were highly significant for all traits (Table 1),
except dry fodder weight per plant. In the tall and medi-
um subgroups of genotypes the mean squares were high-
ly significant for all traits, whereas in the dwarf group
the MS for all traits except ear length and ear girth were
non-significant (Table 2).

The mean, range, PCV and the correlation of the traits
with grain yield are presented in Table 3. A wide range of
variation was observed within the whole collection in al-
most all traits except leaf width, ear girth and 1000-grain
weight.

Dwarf genotypes showed a wide range for days to
50% flowering. The genotypes in the medium group
showed a wide variability range for leaf length, number
of tillers per plant and grain yield per plant. The tall
genotypes were very variable in ear length, peduncle

Table 1. ANOVA mean squares of individual traits within the whole collection

Source of %" E é_ gﬂ % 2 o C E E % 7;9 .E‘;"?o g?
variation af. 5 £% g & fg 2 s 2% 3 2% =% g
2¢ 2z & ¥ 5 &% Bz df@ &3 54 g%
Blocks 5  0.531 0.043 0.875 0.049 0424  0.195 0.502 1.972 3809 0.02 0.005
Treatments 151 27.51 3270 5353 0510 1595 1.554  21.60 711.60 1762.6 1440 3.32
Checks 1 3853 2.80 2332 3074 2394 154 1294 62518 76760 750 037
Genotypes 149 24.6** 3.25%* 52.7** 0.40* 12.8** 1.54** 21.02** 677.5** 1685.5 141.0%* 3.34*
CVs 1 100.0  6.33 2.50 13.75  258.56  3.11 0.212 259.5 73435 6544 4.1
Error 5 1955 0.013 0.190  0.023  0.123  0.123 0.365 0.273 4049 140 0.023
* Significant at 5% level
** Significant at 1% level
Table 2. ANOVA Mean squares in genotype groups differing in plant height
Sm{rc.e of df 50%. Number of Leaf Leaf Ear head Ea.r head
variation flowering tillers/plant length breadth length girth
Blocks tall 5 0.60 0.04 1.12 0.05 0.30 0.19
medium 2 0.50 0.01 0.06 0.01 0.74 0.03
dwarf 1 0.25 0.02 0.02 0.09 0.81 0.42
Treatments  tall 91 2447 2.76 44.18 0.48 16.24 1.35
medium 46 35.44 4.71 50.97 0.72 15.24 1.67
dwarf 21 47.75 1.99 67.13 0.73 25.66 1.62
Checks tall 1 432.00 2.90 244.80 341 258.54 1.54
medium 1 253.50 1.24 120.60 2.16 117.04 0.96
dwarf 1 132.25 1.10 78.32 0.81 77.44 0.20
Varieties tall 89 19.25%+* 2.76** 41.11+* 0.34** 12.16** 1.36%*
medium 44 29.99* 4.73%* 49.13** 0.48** 10.29** 1.64*
dwarf 19 40.51 2.09 62.65 0.42 11.69* 1.53*
CVs tall 1 81.70 3.90 117.41 10.17 136.93 0.45
medium 1 56.88 7.11 61.96 9.70 131.35 3.64
dwarf’ 1 100.83 0.95 141.05 6.63 239.14 4.60
Error tall 5 1.40 0.01 0.24 0.02 0.16 0.10
medium 2 0.50 0.01 0.136 0.01 0.05 0.06
dwarf 1 2.25 0.02 0.42 0.04 0.04 0.00

* Significant at 5% level
** Significant at 1% level
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Table 2 to be continued

Source Peduncle Plant Dry fodder Grain yield/ 1000-grain
of variation d.f. length (cm) height (cm) wt./plant (g) plant (g) wt./plant (g)
Blocks tall 0.73 1.20 1.20 0.93 0.01
medium 0.61 0.28 0.16 0.00 0.00
dwarf 0.06 441 0.01 0.00 0.00
Treatments  tall 91 20.77 358.20 1701.79 135.06 3.65
medium 46 19.81 163.97 1032.50 187.07 2.71
dwarf 21 19.26 436.57 514.74 67.98 1.73
Checks tall 1 134.00 6048.03 4332.00 75.00 0.30
medium 1 47.60 3197.04 2360.17 37.50 0.20
dwarf 1 33.01 2079.36 1444.00 36.00 0.16
Varieties tall 89 19.58** 238.09 1422.86** 128,19** 3. 71
medium 44 19.52** 74.00%* 1003.87** 186.95** 2.7
dwarf 19 18.05 20.65 431.25 73.23 1.64
CVs tall 1 13.59 5338.18 23896.41 806.75 1.07
medium 1 4.89 1089.50 964.86 341.65 5.26
dwarf 1 28.32 6696.11 1171.87 0.06 4.96
Error tall 5 0.55 1.36 3.80 1.40 0.02
medium 2 0.06 0.05 0.17 0.01 0.00
dwarf 1 0.56 0.36 4.00 0.99 0.01

Significant at 1% level

length, fodder yield, grain yield/plant and 1000-grain
weight

High PCV were observed for the number of tillers per
plant, grain yield/plant, dry fodder weight, 1000-grain
weight in almost all subgroups. Lower PCV values were
observed for days to 50% flowering in all but the dwarf
group. Low PCV values for plant height were observed
within all the three plant height groups.

Grain yield per plant was positively associated with
the tiller number, ear girth, plant height, dry fodder
weight and 1000-grain weight. Grain yield per plant was
positively associated with the number of productive
tillers per plant, dry fodder weight per plant and 1000-
grain weight in the tall and medium groups. In the dwarf
group, the grain yield was positively associated only with
days to 50% flowering and dry fodder weight (Table 3).

DISCUSSION

The ANOVA of the whole pearl millet collection re-
vealed significant differences among genotypes for all
traits except dry fodder weight. When the collection was
grouped according to height, there were no significant
differences in the dwarf group for almost all traits. The
results clearly indicated sufficient variability within the
collection for the improvement of the investigated traits,
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except in dwarf genotypes, in which the space for im-
provement appears very low. High PCV was observed
for the number of productive tillers per plant, dry fod-
der yield per plant and grain yield per plant in all height
groups. Similar results were obtained by SANGHA and
SINGH (1973), HEPZIBA et al. (1993), HARER and KA-
RAD (1998). Grain yield is a complex trait and should
not be treated as a simple one. Grain yield can be re-
garded as a product of its components, like productive
tillers per plant, 1000-grain weight and ear girth. The
different traits of a plant, however, appear to be interre-
lated. The selection for one trait results in simultaneous
changes in other traits. Such correlated response, how-
ever, depends on the way, the traits are associated.
Therefore, it is an imperative for the breeders to know
such correlations and to take advantag of them.

The correlation analysis of grain yield and its compo-
nents has shown, that in the whole collection grain yield
was positively associated with the number of productive
tillers, ear girth, plant height, dry fodder weight per plant
and 1000-grain weight per plant. Similar results were ob-
tained by HARER and KARAD (1998). Within the tall and
medium height groups yield was positively associated
with the number of productive tillers, dry fodder weight
and 1000-seed weight. Similar results were obtained with
even more traits by VIRK (1988), MANGAT and SATUA
(1991), JADHAV et al. (1994), LATHA and SHANMUG-
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Table 3. Estimates of mean, range and phenotypic coefficient of variation (PCV) for 11 traits and correlation coefficients of

grain yield with traits in plant height subgroups

Correlation
1 0,
Traits Group Mean Range PCV% with yield
Days to 50% flowering tall 5322+ 1.67 46.00-61.00 8.24 0.03
medium 52.22+£0.99 41.00-60.00 10.48 0.14
dwarf 50.75 £2.10 40.00-59.00 12.54 0.547*
No. of tillers/plant tall 4.14£0.11 1.30-10.00 40.06 0.43*%*
medium 4.70+0.10 1.20-11.00 46.27 0.58**
dwarf 3.90 £ 0.21 2.00-8.00 37.01 0.45
Leaf length (cm) tall 55.79 + 0.68 43.00-75.00 11.49 0.06
medium 49.42 +0.50 36.30-74.00 14.19 0.01
dwarf 4532 +0.91 28.00-60.00 17.46 0.09
Leaf breadth (cm) tall 3.17+0.18 1.80-4.70 18.37 -0.17
medium 291£0.10 1.50-5.00 23.81 -0.07
dwarf 2.70+0.28 1.50-4.60 24.11 0.17
Ear length (cm) tall 20.97 - 0.56 11.70-35.00 16.62 -0.03
medium 19.20 £0.32 11.30-24.60 16.70 0.07
dwarf 16.90 £ 0.28 11.00-22.00 20.23 0.20
Ear girth (cm) tall 7.65 +0.44 5.10-10.70 15.24 0.19
medium 7.10£0.34 3.80-10.00 18.04 0.07
dwarf 6.75+0.07 5.10-9.80 18.34 0.34
Peduncle length (cm) tall 29.97 £ 1.04 22.00-50.00 14.76 0.18
medium 27.85+0.35 17.00-40.00 15.86 0.02
dwarf 26.46 = 0.10 17.10-31.00 16.05 -0.02
Plant height (cm) tall 164.40 + 1.64 142.00-205.00 9.38 0.20
medium 128.07 + 0.32 112.00-140.00 6.71 0.12
dwarf 96.73 + 0.84 80.00-99.90 4.69 0.00
Dry fodder wt./plant (cm) tall 148.00 £ 2.75 65.00-260.00 2547 0:73%*
medium 113.60 £ 0.58 63.00-200.00 27.89 0.70**
dwarf 81.25+2.81 50.00-130.00 25.50 0.65%*
Grain yield/ plant (g) tail 36.39 £ 1.67 20.00-75.00 31.11 1.00
medium 35.50 = 0.01 15.00-70.00 38.51 1.00
dwarf 27.36 + 1.41 16.00-50.00 31.28 1.00
1000-grain wt. (g) tall 7.49 +0.22 3.70-12.60 25.72 0.48%*
medium 6.82+0.05 3.70-10.50 24.14 0.37*
dwarf 6.52+0.14 5.10-9.60 19.34 0.30

* Significant at 5% level
** Significant at 1% level

SUNDRAM (1997). Therefore, these traits can be con-
sidered as useful criteria for improving yield.

The positive association of grain yield with plant
height and number of tillers per plant may be due to a
higher amount of photosynthates, expressed in an in-
creased sced number. Similarly plant height was found

to be closely associated with dry fodder yield per plant
in the tall and dwarf groups, whereas in the medium
group the association was not significant. These find-
ings indicate that an increase in plant height will lead to
increase in dry fodder weight. Similar results were ob-
tained by NAVALE et al. (1995)
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The study revealed the presence of large genetic vari-
ability for almost all traits in the tall and medium group
of genotypes, but not in the dwarf group. High PCV
were observed for the number of productive tillers, dry
fodder weight and grain yield per plant in all three
groups.

— Within the dwarf group of genotypes with a height be-
low 100 cm, no significant ANOVA mean squares were
observed for any trait, except ear size, indicating a very
low potential for improvement within this group.

— Correlation studies revealed positive associations of
grain yield with the number of productive tillers, ear
girth, plant height, dry fodder yield and 1000-grain
weight in across all 150 genotypes.

— In the tall and medium groups of genotypes, grain yield
was positively associated with the number of producti-
ve tillers, dry fodder yield and 1000-grain weight, whe-
reas in the dwarf group grain yield was associated only
with days to 50% flowering and dry fodder weight.

— The positive association of grain yield with dry fodder
yield is very promising for the development of dual
purpose breeding material from the evaluated germ-
plasm accessions and is of potential practical value for
pearl millet breeding.
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V kolekei 150 genotypt Pennisetum glaucum [L.] R. Br. a v podskupindch vysokych, sttednich a nizkych genotyp byla stu-
dovéna variabilita znaki a fenotypicka korelace. Fenotypovy varia¢ni koeficient pro celou kolekei byl vysoky pro pocet pro-
duktivnich odnozi, vynos suché pice na rostlinu a vynos zrna na rostlinu. Ve skupiné nizkych genotypi byla variabilita mala,
coz poukazuje na men3i mozZnosti §lechtitelského pokroku v této skuping. Pozitivni korelace mezi vynosem zrna a suché
pice je velmi nad&jna pro vyslechténi genotypi s dvojim vyuZitim ze studovaného vychoziho materidlu.
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New Varieties Nové odrudy

Pea variety Kamelot

Registered: Czech Republic, 2001

Breeder’s rights: SELGEN, a.s., Prague, Czech Republic

Breeder and maintainer: SELGEN, a.s., Lusany Breeding Station, Czech Republic
Pedigree: (Sum x LU-0040) x Emerald

Breeding methods — pedigree: The crossing was carried out in 1984. Since F, generation individual plant selec-
tions started. Selected plant progenies were sown on plots 2.5-3m? at greater spacing (cca 40 seeds per m?). From
F, generation preliminary yield tests were sown at two replications on 10 m? plots. Distinct lines and lines with
lower productivity were eliminated in the course of homogenization, usually taking 3—4 years. The number of
localities with performance tests gradually increased to three up to five, each trial with three replications. Selection
for the complex of foot and root rots, most important in pea, was carried out from F, generation by sowing into
infested soil. Greenhouse provocation tests for the foot and root rots were repeated from F, generation. Tests of
resistance to particular races of Fusarium oxysporum f.s. pisi were perfomed for advanced lines in firm tests. Tests
for content of proteins, starch and antinutritive components (Tripsin Inhibitor Activity — TIA) were carried out for
lines harvested from yield tests in all breeding generations. In Official Trials of Czech Republic the breeding line
SG-L23 was tested in years 1998-2000 and it was registerd in 2001 as the variety Kamelot.

Disease resistance: The variety is resistant to wilt (Fusarium oxysporum f.s. pisi), race 1 and to Thielaviopsis
brasicola. It has also good level of field resistance to the complex of foot and root rots, common scab and pereno-
spora. It shows also middle field resistance to bacterioses, mildew (Erysiphe pisi) and virus diseases.

Quality: A set of its technological properties is good, particulary good seed colour and cooking uniformity. Cook-
ing time is medium long, protein content in seed is at higher level.

Yield of seed and yield of protein is one of highest in Official Trials.

Other characteristics: Is it a semileaf type with very good lodging resistance. Seed is yellow, middle in size, with
TKW around 260 g. Tripsin Inhibitor Activity (TIA) activity is low. Variety is semi-late in the time of ripening.

Hrach sety Kamelot

Registrovin: Ceska republika 2001

Slechtitelsk4 prava: SELGEN, a.s., Praha, Ceska republika

Slechtitel a udrzovatel: SELGEN, a.s., Slechtitelska stanice Luzany, Ceska republika

Piivod: (Sum x LU-0040) x Emerald

Metoda 3lechténi: rodokmenova. KfiZeni bylo uskutetnéno v roce 1984. Individuélni vybéry rostlin byly opakovi-
ny kazdoro&n€ od generace F,. Potomstva vybranych rostlin — kmeny —byly vysety na plose 2,5-3 m?v hd§1m sponu
(cca40 semen/m?). Od generace F, upotomstev relativn€ vyrovnanych by ly vynosové zkousky na2 x 10 m?, v dalSich
letech pak na 3 x 10 m? Pii homogemzacx materidlu (3—4 roky) jsme vyfazovali odli$né a méné vykonné linie. Podle

potieby jsme provadéli reselekce ze zkouSek vykonu. Zkouseni jsme rozSifovali postupné na 3 a nisledné€ na 5 lo-
kalit.
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Selekce na komplex kofenovych a krékovych chorob, které je u hrachu nejdilezitéjsi, probihala od generace F , a to
setim do zamofené pidy. Od generace F, jsme provadéli opakované provokadni testy na komplex kofenovych
a kr&kovych chorob ve skleniku. Material obesilany do mezistani¢nich zkou3ek (5 lokalit) jsme testovali na jednotli-
vé rasy Fusarium oxysporum f.s. pisi. U viech vybranych sklizenych vynosovych zkousek jsme provadéli rozbory na
obsah N-latek, $krobu a antinutri¢nich latek (TIA).

Do 1. roku registraénich pokustt UKZUZ byl material ptihladen v roce 1998 pod oznatenim SG-L-23. S prihlasenim
do registra¢nich pokust bylo soudasné zahajeno udrZovaci $lechténi. Odriida byla registrovana na jafe 2001 pod
nazvem Kamelot.

Odolnost k chorobam: Ma rezistenci k F. oxysporum f.s. pisi rasa 1 a k Thielaviopsis basicola. Déle mé velmi
dobrou polni odolnost ke komplexu kofenovych a kr¢kovych chorob, obecné strupovitosti a plisni hrachové (pereno-
spote). Dobrou polni odolnost m4 k bakteriézam, padli a vir6zam.

Jakost: Ma celkové dobré technologické vlastnosti — dobrou barevnou vyrovnanost semen a dobrou stejnomérnost
vafeni. Doba vafeni je stfedné dlouhd. Obsah N-latek v semeni je vyssi.

Vynos semen: Je vysoky ve vSech oblastech, patii mezi nejvynosnéjsi odriidy. Vynos N-latek z jednoho hektaru je
rovnéZ vysoky.

Ostatni vlastnosti: Odrida patfi mezi bezlisté (semileaf) typy. Mezi témito odriidami je nadprimémé z hlediska
poléhéni. Semeno je Zluté, sttedné velké, s HTS kolem 260 g. Aktivita TIA je nizka. Zrani je polopozdni, zraje 2 dny
po odridé Komet. Délka rostlin je jen o malo mensi nez u odriidy Komet. Odriida Kamelot méd univerzalni vyuZiti.

Ing. JOSEF KREUZMAN, SELGEN a.s.

Slechtitelskd stanice Luzany u Prestic, 334 54 Prestice, Ceskd republika
tel.: + 420 19 798 24 28, fax: + 42019 798 24 25
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Bibliographical Notice

Slechtitel Ing. Josef Sixta devadesatilety

V listopadu letosniho roku se v plné télesné a duevni svéZesti dozil 90 let Ing. Josef Sixta, na§ nejispésné;jsi
$lechtitel brambor. Odridy, které vyslechtil, dosdhly $irokého uplatnéni u nds a nékteré z nich pronikly i do zahra-
ni¢i.

Ing. Josef Sixta se narodil 30. listopadu 1911 v Sanech u Pod&brad. Po ukonéeni stfedo3kolského studia (redlné-
ho gymnézia v Koling a vy33i hospodaiské $koly v Podébradech) a absolvovani Vysoké $koly zemédé&lské v Praze
nastoupil v Praze koncem roku 1936 jako zemé&délsky inZenyr do §lechtitelské stanice v Kefkové (stanice Sativy,
hospodéfského a vyrobniho druZstva v tehdej$im Némeckém, dnes Havlickové Brod¢). Zde se pod vedenim teh-
dejsiho kefkovského $lechtitele Vaclava Cimrmana zapracoval do $lechténi brambor. Ve §lechténi brambor praco-
val Ing. Sixta jako aktivni §lechtitel (postupn jako vedouci $lechtitel a vedouci §lechténi) do konce roku 1976. Od
roku 1977 byl vedoucim oddéleni $lechténi v sektoru genetiky a $lechténi nové konstituovaného Vyzkumného
a $lechtitelského Gstavu bramboréaiského v Havli¢kové Brodég, do n¢hoZ byly v témZe roce zatlenény viechny &es-
ké bramborafské Slechtitelské stanice.

Hlavnim pfinosem préace Ing. Sixty pro nale bramboréistvi je vy3lechténi novych odriid brambor. Na tomto
useku se b&hem své Ctyficetileté §lechtitelské ¢innosti na stanici v Keifkové svym autorstvim (jako autor &i spolu-
autor) podili na vy$lechténi 36 odriid brambor.

Z nich jedna (Ketkovsky Kitting, povoleny v roce 1946) byla vy3lechténa vybérovym §lechténim a 35 pohlavni
hybridizaci (kfizenim). Odridy vzniklé kiizenim byly vyslechtény v letech 1937-1982. Jedna se o odridy Faverit
(povolena v roce 1937), Admiral (1937), Kardinal (1938), Flora (1939), Triumf (1939), Reneta (1939), Krasava
(1940), Ketkovské rohli¢ky (1940), Norma (1940), Granat (1940), Marta (1944), Bojar (1945), Karmen (1945),
Dolar (1947), Karat (1947), Radan (1948), Borka (1950), Mirka (1952), Rapid (1954), Ambra (1954), Jara (1956),
Rajka (1958), Hera (1962), Rita (1962), Jiskra (1963), Daria (1967), Radka (1969), Renata (1969), Nora (1971),
Rea (1971), Tera (1972), Astra (1973), Cira (1974), Karin (1980) a Kera (1982). Mezi nimi byly odridy viech
uzitkovych smérli: konzumni, konzumni aZ hospodaiské, hospodaiské a primyslové vysoce $krobnaté i odridy
viech délek vegetatni doby (velmi rané aZ pozdni). Z hlediska uzitkového zamé&feni v3ak mezi nimi ptevladly
odriidy konzumni. Ty se vesmés vyznatovaly velmi dobrou stolni hodnotou.

Vysokou stolni kvalitu vykazovaly napf. odriidy Triumf, Karmen, Jiskra, Rajka, Daria, Ambra, Karin
a v neposledni fadé specialni salatova odriida Ketkovské rohli¢ky.

Charakteristickym znakem primyslovych odriid (Granat, Bojar, Kardt a Rapid) byla vesmés &ervena slupka,
kterd je odliSuje od odrid konzumnich. KdyZ po roce 1962 doslo ke specializaci $lechtitelskych stanic podle Slech-
titelského zaméreni, bylo v Kerkové od $lechténi primyslovych odrid upusténo.

Co se tyce délky vegetacni doby, nejkrat$i vegetaéni dobu z uvedenych odrid vykazovala odrtida Jara. K dal$im
velmi ranym odriddm néleZely vysoce kvalitni odridy Ambra, Hera, Tera a Kera.

Vyslechténim téchto ranych a proti rakoviné€ brambor rezistentnich odriid prokézal Ing. Sixta, Ze neni nemoZné,
jak se dosud tradovalo, vyslechtit rané odrudy rezistentni proti rakoviné. Ostatné viechny odrudy, jejichZ autorem
¢i spoluautorem je Ing. Sixta, byly proti rakoviné rezistentni, s vyjimkou odridy Rajka, kterd byla povolena, i kdyz
byla nichylna k rakovinég, nebot’ pro svoji vysokou odolnost proti virovym chorobdm byla vhodné pro degeneracni
oblasti. Pokud se tykd rezistence proti rakoving, podafilo se Ing. Sixtovi vyslechtit dokonce odriidu Rea, vzdornou
nejen proti béznému D1-patotypu, ale i proti agresivnimu G1-patotypu a dal§im 9 patotypum (P1, K1, R1, E1, M1,
R2, P2, N1 a M2). Za i¢elem obohaceni svého $lechtitelského materidlu o geny planych brambor zacal do kiiZeni
zafazovat i mezidruhové hybridy. Z tohoto kfiZeni pochazi jim vy$lechténa odrida Rapid.

Z uvedenych odriid byly nejpfinosnéjsimi Krasava (polorand velmi plasticka odriida poskytujici stabilni vynosy)
a Radka (polopozdni vynosna konzumni odrida s dobrou rezistenci proti virovym chorobam). Obé tyto odridy
dosahly v obdobi svého maximélniho rozsiteni az okolo 50 % plochy brambor v CSR. Pfinosnou byla i polopozdni
odrida Nora, vhodna k vyrobé& potravinaiskych vyrobkd.
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Nekteré z uvedenych odrid pronikly i do zahrani¢i. Odriida Krasava byla v roce 1948 zapsana do Listiny odrid
povolenych ve Francii a odriida Mirka v roce 1960 v Nizozemsku, odkud byla vyvazena do sttedomotskych oblas-
ti. Odrida Karin byla registrovdna ve viech zemich byvalé Jugoslavie a na Ukrajing.

Ing. Sixta je také spoluautorem odridy Inu Kefkovsky Diplomat, vy$lechténé v Kefkové v roce 1939 vybérovym
$lechténim (z Mederského Inu). Uvedeného 3lechtitelského uspéchu dosahl Ing. Sixta v disledku houZevnatosti
a cilevédomé prace, postiehu a talentu pro vybér nadéjného Slechtitelského materidlu a pfekonavanim dosavadni-
ho empirického zplisobu §lechténi §lechténim zaloZenym na tehdejSich poznatcich doméciho i zahraniéniho vy-
zkumu.

Za timto u¢elem navazoval intenzivni styky s pracovniky vyzkumnych astavi, vysokych $kol i akademie véd.
Zvlast intenzivni kontakty udrzoval s Vyzkumnym tstavem bramboréafskym — s pracovniky jeho geneticko-§lech-
titelského a fytopatologického oddéleni, a nové poznatky od nich ziskané pak aplikoval ve své praci — zavadél
nové efektivni 3lechtitelské postupy v novoslechténi i udrzovacim §lechténi aj.

Prosazoval nélezité vybaveni laboratofi, vystavbu skleniki aj., v éemz mu byl vydatné napomocen tehdejsi fedi-
tel stanice Ing. Dr. E. Jermoljev a pfedevsim tehdejsi feditel Sativy Ing. J. Kostkan. Tak se v Ketkové podafilo
vybudovat moderni $lechtitelské pracovi$té, umoziiujici hlub3i studium (chemické, technologické a fytopatologické
hodnoceni) §lechtitelského materidlu, které budilo obdiv i v zahrani&i.

Nezanedbatelny podil na Sixtové uspé¥né §lechtitelské praci méla i schopnost vybéru a vychova spolupracovni-
ki zanicenych pro §lechténi, z nichZ néktefi ve Slechtitelské praci pokracovali pfimo v Kefkové (Ing. Josef Konrad,
CSc.) nebo na pracovisti stanice ve Stiibrnych Hordch (Ing. Stanislav Malik) ¢i v Ceské B&lé (Ing. Bohumil Juda
aj.), pfip. i v jinych $lechtitelskych stanicich (Ing. Emil Bartes).

V roce 1962 se ze $lechtitelské stanice v Kerkové stala Hlavni Slechtitelska stanice pro brambory a Ing. Sixta byl
jmenovan ptedsedou $lechtitelské rady. Tuto funkci vykonaval aZ do roku 1976. Z titulu uvedené funkce koordino-
val spolu s prislusnym referentem Osevy pro brambory plany novoslechténi a udrzovaciho §lechténi, organizaéné
zajistoval mezistani¢ni zkousky, zpracovani a vyhodnoceni vysledk téchto zkousek, chemické a fytopatologické
zkousky kfiZenct, pfipravu diagnostickych sér a od roce 1965 téZ polni a laboratorni zkousky kfiZenci na rezis-
tenci proti rakoving na karanténnim pracovisti ve Sluknové-Kunraticich.

Ing. Sixta byl aktivnim &lenem védecké rady VSUB v Havligkové Brodé a &lenem odboru rostlinné vyroby
CAZ. Publikoval fadu odbornych a odborn& populérnich praci a pfednesl i fadu referatii na riznych zasedanich
a konferencich. Prinos Slechtitelské prace Ing. Sixty byl a je vysoce hodnocen u nds i v zahrani¢i. U nas byl napft.
ocenén ud&lenim estné stiibrné (1978) a zlaté (1981) plakety CAZ a estnym uznanim Za celoZivotni praci na
useku Slechténi brambor (v roce 1988), udélenym Osevou v Praze, a fadou dal$ich uznani a vyznamenani a dokonce
ve své dobé i vysokymi statnimi vyznamenanimi. V zahrani¢i byla jeho isp&3na a zdsluZnd prace ocenéna a uznana
mj. tim, Ze jeho jméno bylo v roce 1965 zapsano do Svétového seznamu §lechtiteli rostlin pii FAO. Pro tplnost je
tfeba poznamenat, Ze u nés byl Ing. Sixta po roce 1968 (aZ do roku 1984) politicky perzekvovan (mimo jiné pro
svij styk se signatati Charty 77).

Timto kratkym zamys$lenim nad uspé$nou $lechtitelskou &innosti jubilanta a ,,pohledem* na jim vy3lechténé
odriidy brambor mu za sebe a jeho pfitele blahopieji k vyznaénému Zivotnimu jubileu a do dal3ich let poprat
mnoho zdravi a Zivotni pohody.

Ing. Josef Zadina, CSc.
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80 let Ing. Vladimira Svétlika, CSec.

Sdéleni, Ze koncem zafi 2001 oslavil vyznamné Zivotni jubileum v plné své-
Zesti vyznamny $lechtitel picnin Ing. Vladimir Svétlik, CSc., je pfili§ strohé
a nemiize vystihnout celou jeho odbornou a lidskou zivotni dréhu.

Jubilant, ktery pochazi z opavskych Otic, za¢al svoji odbornou kariéru na
doporugeni akademika J. Simona, feditele Vyzkumnych tstavii zemédélskych
v Brné-Pisarkéch, ve Vyzkumné stanici travinafské v RoZnové pod Radho3tém
v roce 1948. Pfichazi sem po prodélanych vale¢nych ttrapach jako pacient
a odborny pracovnik zéroveri. Nedlouho poté, kdy je Slechténi trav pfeneseno
na Novojiginsko (Novy Jiin-Bocheta, Barto3ovice a posléze Hladké Zivoti-
ce), zadina zde s energii sobé& vlastni rozvijet travinafstvi.

S jeho ptichodem do Hladkych Zivotic v roce 1956 za&ala nova éra ve 3lech-
téni Ceskoslovenskych odrid trav a jeteld. V osob& blizkého spolupracovnika
Ing. A. Fojtika, CSc., ktery prisel na stanici v roce 1960, nachazi nejen vynika-
jiciho odbornika, ale také kolegu a pfitele. Tento ojedinély, dopliiujici se
a neoby&ejné dynamicky ,,Zivoticky tandem* uvadi do Zivota fadu novych od-
rid picnin, u nichZ jsou poprvé vyuzity polyploidizace, mutace a mezirodova hybridizace. Velky uspéch
v picninafské i semenaiské praxi zaznamenaly prvé tetraploidni odriidy jetele luéniho, na jejichZ vzniku se jubilant
vyznamnou mérou podilel — Kvarta (1974) a Radegast (1978), jilku mnohokvétého jednoletého (Jitral 1974), jilku
mnohokvétého italského (Lolita) a jilku vytrvalého (Tarpan 1978).

Prilom ve §lechténi lipnice lu¢ni znamenalo vyuziti sexualnich typi ziskanych pomoci mutaéniho §lechténi; tuto
prikopnickou metodu vyuzil Ing. Svétlik se¢ svymi spolupracovniky k vyslechténi prvé odridy tohoto typu — Sle-
zanky (1978) — s vynikajicimi vlastnostmi, pfedev§im picni a semenafskou vynosnosti a vysokou rezistenci vici
fadé biotickych i abiotickych vlivii. Nasledovaly pak dalsi odriidy tohoto druhu — Krasa (1987), Moravanka (1991)
a Bohemia (1996).

O vyznamu a vyuziti vzdaleného kfiZeni se ve Slechténi trav dlouho diskutovalo a pochybovalo, zejména
v zahrani¢i. Zajem o vyuZiti mezirodovych hybridi v picninaiské praxi viak predc¢il ocekdvani. V tymu Ing. Svét-
lika vznikaly postupné odridy Odra (1970), Felina (1988), Be¢va (1989), Perun (1991), Hykor (1991) a dalsi,
cenéné zejména pro sv€ univerzalni vyuziti, vykonnost a plasticitu.

Ing. Svétlik se nesoustfedil pouze na vlastni $lechténi. Podilel se na rozvoji péstovéni travnich semen novymi
metodami pfi zmenSovéni podilu ruéni price, coZ bylo jeho predchiidci dlouho pokladéno za takika nemozné. Jeho
zasluhou navézala Slechtitelska stanice v Hladkych Zivoticich Setné mezinarodni kontakty se zahrani¢nimi praco-
visti, zejména v byvalé NDR a Polsku. Nejen zahrani¢ni, ale i doméci odborna pracovisté a vysoké Skoly mohou
potvrdit, Ze jejich spoluprace se stanici byla vice nez plodna.

KdyZ nasloucham zajimavému a sugestivnimu vypravéni Ing. Svétlika v Gtulném prostiedi jeho Zivotického
bytu, jen kousek od pracovisté, kde stravil vét§inu svého Zivota, citim jeho obrovsky zajem o soucasné déni na tomto
pracovisti. Je zfejmé, Ze je s nim stale spojen pevnym neviditelnym poutem a nese s nim vSechny jeho radosti
i starosti. Je to obdivuhodny ptiklad i vyzva pro generaci, ktera priSla po ném a kterd m4 moznost pracovat a tvofit
v podminkdch zdaleka ne tak komplikovanych, jakych pracoval on.

Za vSechny travindre Ing. Bohumir Cagas, CSc.
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80 let vyznamného Slechtitele doc. Ing. Josefa Boumy, CSc.

Doc. Ing. Josef Bouma, ktery se vyrazn& zapsal do historie $lecht&ni nejen &eského, ale
i svétového, oslavil dne 21. fijna 2001 osmdesaté narozeniny.

Narodil se v Kozlové u Led¢e nad Sazavou. Maturoval v roce 1942 na Vy3si hos-
podaiské dkole v Céslavi a ve valeénych letech absolvoval Vy3si zemédélskou skolu
druzstevni v Praze. Po jejim absolvovani nastoupil u firmy Selecta — spole¢nosti pro pés-
tovani osiv a sadby na &istici stanici ve Strangicich. JiZ po roce se dostava ke $lechtitelské
praci ve Slechtitelské stanici VEtrov u T4bora, kde pracoval od roku 1944 jako asistent ve
Slechténi Zita a brambor. Soucasné studoval na Vysoké $kole zeméd€lského a lesniho
inZenyrstvi v Praze, kterou absolvoval v roce 1947. Po znarodnéni Selecty byl piefazen
do Slechtitelské stanice Valtice na tisek $lechténi obilovin, kde se vénuje zejména Slechténi
jetmene jarniho. Slechtitelska nplii stanic se dale reorganizovala a Ing. Boumu jiZ zau-
jalo Slechténi obilovin natolik, Ze odchazi koncem roku 1950 za touto specializaci do
Slechtitelské stanice BraniSovice i s rozpracovanym $lechtitelskym materialem. Tam je zdhy, jiz od roku 1951, povéfen
funkci vedouciho $lechtitele. V letech 1951-1964, kdy byl také vedoucim této stanice, se zasazuje o zintenzivnéni
Slechténi obilovin. V té dobg se dokonéuje také vystavba Slechtitelské stanice BraniSovice. Nariist vyznamu stanice je
dokumentovan tim, Ze se stiva od roce 1961 hlavni specializovanou stanici pro Slechténi obilovin, v niZ se soustred'uje
i vybaveni pro specializované rozbory jakosti pSenice a je¢mene. Ing. Bouma byl povéfen funkci predsedy celostatni
Slechtitelské rady obilovin. Prvni odriidou, kterou Ing. Bouma registroval, bylo nové povoleni odriidy je¢mene jarniho
Valticky. Tato odriida byla registrovana jiz v roce 1930 (autofi Frimmel a Beranek), ale b&hem vélky byl material jejiho
udrZovaciho $lechténi zniCen. V roce 1946 se ve Valticich zahdjily vybéry z bézného osiva. Ing. Bouma vybral dvé linie,
které zamémé michal. Odriida byla znovu registrovana v roce 1950 a na listiné povolenych odriid se udrZela az do roku
1976. Odriida Valticky ziskala dominantni postaveni na trhu a v roce 1960 se péstovala na 45 % ploch osetych je¢men-
em jarnim. Byla téZ intenzivné $lechtitelsky vyuzivana jako donor. Nejvyznamnéjsim vysledkem Ing, Boumy byl vybér
kratkostébelné mutace z této odriidy. Suché obilky je¢mene jamniho Valticky byly ozafeny davkou 10 000 R a vybrany
mutant — odriidda Diamant — zahdjila novou etapu riistu vynos a jejich stability. Odriida Diamant byla registrovana
v letech 1965 az 1976. Byla intenzivné vyuzivéna ve §lechtitelskych programech jako donor vysokého vynosového
potencialu, kratkostébelnosti a vynikajici sladovnické kvality zrna. Tak zvand ,, Diamantova fada‘“ odrid je¢mene, u nichz
byla odriida Diamant jednim z rodié, zahrnuje 42 odriid registrovanych v Ceské a Slovenské republice a vice nez 100
odriid na celém sveété.

V obdobi svého plisobeni v BraniSovich se Ing. Bouma autorsky podilel na §lechténi odriid je¢mene jarniho Branis-
ovicky C a Topas a pSenice ozimé Iva. Dalsim meznikem je pfechod Ing. Boumy do $lechtitelské stanice Hrubgice, kde
plsobil v letech 1970-1992 jako Slechtitel pSenice ozimé a je¢mene jarniho. V tomto obdobi byl spoluautorem 9 odriid
jetmene jamiho, které byly péstovany na vétsing ploch této plodiny v CSR a pozdgji v CR (Koral, Opal, Karat, Krystal,
Rubin, Bonus, Kredit, Jaspis, Perun). Vyznamné byly i odriidy p3enice ozimé z hrub&ického obdobi. Byl hlavnim au-
torem odriid Hana a Vega a spoluautorem odriidy Ina. Z téchto odriid méla rozhodujici podil na trhu odriida Hana, kterd
je stale péstovana. Od svého povoleni v roce 1985 aZ dodnes je jednou z nejp&stovangjsich odrid sortimentu pSenice
ozimé a uplatnila se i jako rodi¢ v dalSich odridéch (napf. Samanta, Brea, Alka, Alana, Ina, Vlasta, Saskia, Sulamit,
Svitava). Pfeddvala své vynikajici vlastnosti — nepoléhavost, vynikajici pekafskou jakost a vynosovou kapacitu. Je3té
v letech 1996-2001 byla odriida Hana a jeji deery p&stovany na 40 az 50 % ploch p3enice ozimé v CR.

Krom¢ $lechténi se Ing. Bouma vénoval i pedagogické ¢innosti na Vysoké skole zemé&dg&lské v Brng, kde byl jmen-
ovéan docentem specidlni rostlinné produkce. Publikoval ptes 50 v&deckych a odbornych &lankt v domécich
i zahrani¢nich ¢asopisech, zaméfenych vétsinou na problematiku §lechténi. Nezahali ani dnes a stale aktivn& propaguje
nové odriidy, odriidovou agrotechniku a nové poznatky p&stebnich technologii ve spolednosti Holubovo hnuti, kterd
sdruzuje péstitele obilnin.

Ing. Josef Bouma pracoval jako 3lechtitel 48 let. Vysledkem jeho prace bylo autorstvi nebo spoluautorstvi u 13 odriid
je¢mene jarniho a 6 odrid p3enice ozimé. Odriida Diamant vySlechténd v roce 1965 byla zlomem v historii sv&tového
je¢menéfstvi a sladovnictvi. Byla rodi¢em vice neZ stovky novych kratkostébelnych odriid jeémene jarniho ve svétg. Jen
v Evropé€ zaujimaji tyto jeji déti 57 % z celkové plochy jeémene jarniho. Vyznamnym meznikem u ozimych p3enic byla
i odrida Hana. Jen velmi malo $lechtiteld se miiZe t&Sit z tolika vynikajicich odriid jako vysledku ve formé odrid.

Piejeme doc. Ing. Josefu Boumovi, CSc., aby jesté dlouho mohl pfedavat své bohaté zkuSenosti, eldn i optimismus
mlad$im $lechtitelim a péstiteltm.

Ing. Alena Hanisova

134



Czech J. Genet. Plant Breed., 37, 2001 (4): 00-00

INDEX OF VOLUME 37 REJSTRIK ROCNIKU 37

BRINGEZU T., VAHL U., MULLER G.
Segregation analysis of wheat-rye chromosomes with different marker systems
Analyza tépeni pSeniéno-Zitnych chromozomi s odliSnymi systémy markertl ........c.ovvecierinerciinncinciinennn: 1

DEBRE F., SCHWARZBACH E.
Estimation of genetic parameters of a potato collection from incomplete historical data
Odhad genetickych parametri kolekce brambor z neuplnych historickych dat ... 53

DREISEITL A.
Powdery mildew resistance in Czech and Slovak barley breeding lines
Odolnost &eskych a slovenskych §lechtitelskych linii jeémene k padli travnimu .......c.cecvivnciniinininiin. 105

HAVEL J., KOLOVRAT O., KAMENIKOVA L., BECHYNE M.
The Search for genetic resources of opium poppy (Papaver somniferum) with high thebaine content
and the development of a screening method
Vyhledavani genetickych zdroji maku setého s vysokym obsahem tebainu a vyvoj screeningové metody ......... 88

HERMUTH J., DOTLACIL L., MICHALOVA A., CEJKA L.
Productivity and diversity of agronomic characters in selected cultivars of eleven alternative crops
Produktivita a diverzita agronomickych znaki u vybranych odrid jedendcti druhi alternativnich plodin............ 93

HYBL M., URBAN J., VACLAVIKOVA J., GRIGA M.
Powdery mildew resistance in Czech and Slovak Barley breeding lines
Stanoveni obsahu $krobu, amylosy/amylopektinu a hrubého proteinu v kolekci genetickych zdroja hrachu .. 114

KOSNER J., PANKOVA K.
Substitution lines of wheat with dominant genes Vrn
Substituéni linie pSenice s dominantnimi SENY FFA ....c..o.ouiuruiiiiiieiiceieeeec et 41

LEISOVA L., OVESNA J.
The use of microsatellite analysis for the identification of wheat varieties
Pouziti mikrosatelitni analyzy pro identifikaci odriid PEENICE ......ccceririieriisiiieieriiniesiss it enaes 29

MULLER G., VAHL U., BRINGEZU T.
Stability of 1AL.IRS, 1BL.1RS wheat-rye double translocation lines
Stabilita linii s dvéma p3eniéno-Zitnymi translokacemi IAL.IRS @ IBL.IRS ....c.coouiiiiunininiininecinieieeiseeiesineans 6

OVESNA 1., SiP V., KUCERA L., CHRPOVA J., NOVAKOVA ., JAHOOR A., VACKE J.
Genetic diversity of BYDV resistant barley cultivars determined by molecular markers
Geneticka diverzita odrid je¢mene rezistentnich k BYDV stanovena molekularnimi markery ..........ccoceecucuenn. 17

POLAKOVA K., OVESNA J., LEISOVA L.
Identification of barley (Hordeum vulgare L.) cultivars using microsatellite analyses
Identifikace odriid je¢mene (Hordeum vulgare L.) na zékladg analyzy mikrosatelitl ..........coeuevueeeeremeerenecerennces 23

POLZEROVA H., PTACEK J.
Use of simple sequence repeats analysis to reveal DNA polymorphism in potato
Vyuziti analyzy mikrosatelitii k detekci polymorfismu DNA u Brambor ..........c.coeveueeeeoeueesiiecieeesienesesseseseeesssns 61

SABHARWAL P S.
Correlation studies in pearl millet
Korelagni studie Pennisetum glaucumL.. ...... I R P 123

SCHEURER K.S., HUTH W., WAUGH R., FRIEDT W., ORDON F.
First results on QTL-analysis for Barley Yellow Dwarf Virus (BYDV) tolerance in barley
(Hordeum vulgare L.)
Prvni vysledky QTL-analyzy tolerance je¢mene (Hordeum vulgare L.) k viru Zluté zakrslosti
jesmene (BYDY) sismmmimmsmnanim s s s i e 13




Czech J. Genet. Plant Breed., 37, 2001 (4): 1-11

SCHWARZBACH E.
Heat induced susceptibility of mlo-barley to powdery mildew (Blumeria graminis D.C.
f.sp. hordei Marchal)
Teplem indukovana nachylnost jeSmene s genem mlo k padli travnimu (Blumeria graminis D.C.
f.sp. hordei Marchal) ..o T 82

8iP V., STUCHLIKOVA E., CHRPOVA J.
The response of selected winter wheat cultivars to artificial infection with Septoria tritici under field
conditions
Reakce vybranych odrid pSenice ozimé na umélou infekci houbou Septoria tritici v polnich podminkach ........ 73

VACKE J., CIBULKA R.
Reactions of registered winter barley varieties to Wheat dwarf virus infection
Reakce registrovanych odrid jemene ozimého na infekci virem zakrslosti pSenice.........coecveeercnvecnrereerecnennns 50

ZEID M., SCHON C.C., LINK W.
Genetic diversity in a group of recent elite faba bean lines
Geneticka diverzita ve skuping sou¢asnych elitnich LInii BObU .......ccvvrvverereiinirninissesessssssssesssens 34

NEW VARIETIES - NOVE ODRUDY

HANISOVA A., HORCICKA P.
Winter wheat Sulamit
Pieniice 0ZIMA STIAMIE i im v aa e v s 69

KREUZMAN J.:
Pea variety Kamelot
HrACh ety IAMICLOT ... sisarsstssvs st e e kT be o e s e R s S s 129

PAVELEK M.
Flax Linum usitatissimum L. Venica
Lén ' Sety; pradny: VETiCa s e it i i i e s e 103

VORAL V.
Potato Kornelie
B A BT KO IIE s i e s R S S T TR T T S T e v e e vt 71

CONFERENCES AND SEMINARS - KONFERENCE A SEMINARE

CAPEK I.
The 9™ Plant Breeders Seminar at the Mendel University of Agriculture and Forestry in Brno
IX. seminaf §lechtitelii na Mendelové zemé&dé&lské a lesnické univezité v Bmé ........ccccoeveiinennne. 68

BIBLIOGRAPHICAL NOTICE - ZIVOTNI VYROCI

CAGAS B.

80/ let-Ihg: VIAdImira: SVETHKA, C 6. vonsumerusnsomsimimoiisis s i sy s e s s s 133
HANISOVA A.

80 let vyznamného $lechtitele doc. Ing. Josefa Boumy, CSC. ....ccvniiiiiiiiersaees 134
ZADINA J.

Slechtitel Ing. Josef Sixta devadesAtilety ..............rveererrirereneees Ty .. 131

I



INSTRUCTIONS FOR AUTHORS

The responsibility for the contents of a manuscript rests with
the authors. The Editorial Board will decide on suitability for
publication, after considering the scientific importance and over-
all technical quality of the manuscript and the comments of the
referees.

The manuscript should be typed on standard A4 paper. A PC
diskette with the complete text and including references, tables
and figure legends of graphical documentation should be pro-
vided with each manuscript, indicating the used editor program.

Manuscript should consist of the following sections: Title
page, Abstract, Keywords, Introduction, Materials and Meth-
ods, Results, Discussion, References, Address of correspond-
ing author, Tables, Legends to figures.

The Title page must contain an informative title, complete
name(s) of the author(s), the name(s) and address(es) of the
institution(s) where the work was done.

The Abstract should state in a short and concise form what
was done and how, and should contain basic numerical and
statistical data representative of the results. It should be sub-
mitted in English and, if possible, also in Czech.

Keywords follow the abstract; they are ranked from general
to specific terms, and are written in lower case letters and sep-
arated by semicolons.

The Introduction (without a subtitle) should consist of a
short review of literature relevant to and important for the
study. The reason(s) for carrying out the work may be included.

In Materials and Methods, the description of experimental
procedures should be sufficient to allow replication. Abbrevia-
tions can be used if necessary; first use of an abbreviation should
be just after its complete name or description. The Internation-
al System of Units (SI) and their abbreviations should be used.

Results should be presented clearly and concisely. In this
section figures and graphs should be used rather than tables for
presentation of quantitative values. A statistical analysis of re-
corded values should be summarized in tables.

The Discussion should interpret the results, without unnec-
essary repetition. Sometimes it is possible or advantageous to
combine Results and Discussion in one section.

If Acknowledgments are needed, they come next.

References used in the text consist of author’s name and year
of publication. The list of references should include only pub-
lications quoted in the text. These should be in alphabetical
order under the first author’s name, citing all authors, year (in
brackets), full title of the article, abbreviation of the periodical,
volume number, first and last page numbers.

Contact address should include the postal address, telephone,
fax and e-mail numbers of the corresponding author.

Tables and Figures shall be enclosed separately. Each of
them must be referred to in the text. Figures should be restricted
to material essential for documentation and understanding of
the text. Duplicate presentation of data in both tables and fig-
ures is not acceptable. All illustrative material must be of pub-
lishable quality. Both line drawings and photographs are referred
to as figures. Photographs should have high contrast. Each fig-
ure should be accompanied by a concise, descriptive legend.

Reprint: Ten (10) reprints of each published paper are sup-
plied free of charge.

POKYNY PRO AUTORY

Autor je pIné odpovédny za piivodnost prace a za jeji vécnou
i formélni spravnost. O uvefejnéni prace rozhoduje redakéni
rada se zfetelem k lektorskym posudkim, védeckému vyzna-
mu a pfinosu i kvalité prace.

Rukopis musi byt zaslan vytistény na papiru formatu A4.
K rukopisu je vhodné prilozit disketu s textem prace, popf. gra-
fickou dokumentaci pofizenou na PC (uvést pouZzity program).

Védecka prace musi mit toto ¢lenéni: titulni strana, abstrakt
a kli¢ova slova, uvod, material a metody, vysledky, diskuse,
literatura, kontaktni adresa, tabulky a obrazky v&etné popisu.

Titulni strana musi obsahovat nazev préce, plné jméno auto-
i, ndzev a adresu instituce, kde byla prace déléna.

Souhrn musi vyjadfit viechno podstatné, co je obsaZeno ve
védecké praci, ma obsahovat zakladni ¢iselné Gdaje vCetné sta-
tistickych hodnot. Je uvefejiiovan a mél by byt autory dodan
v angli¢tin€ a Cestiné.

Kli¢ova slova (keywords, index terms) se pfipojuji po vyne-
chani fadku pod souhrn. Radi se smé&rem od obecnych vyrazi
ke specialnim; za¢inaji malym pismenem a oddéluji se stfedni-
kem.

Uvod (bez nadpisu) by mél obsahovat kratky prehled dulezité
literatury vztahujici se k tématu a cil prace.

Material a metody: Model pokusu musi byt popsan po-
drobné a vystizné. Popis metod by mél umoznit, aby kdokoli
z odbornikll mohl praci opakovat. Zkratky jsou pouZivany jen
pokud je to nutné; prvni pouziti zkratky musi byt uvedeno
uplnym popisem nebo vysvétlenim. Pouzivané mérové jednot-
ky musi odpovidat soustavé mérovych jednotek SI.

Vysledky: Doporutuje se nepouZivat k vyjadfeni kvantita-
tivnich hodnot tabulek, ale dat pfednost grafim anebo tabulky
shrnout v statistickém hodnoceni namétenych hodnot. Tato ¢ast
prace by neméla obsahovat teoretické zavéry ani dedukce, ale
pouze faktické nélezy.

Diskuse obsahuje zhodnoceni prace. Je pfipustné spojeni
s pfedchozi kapitolou (Vysledky a diskuse).

Podé&kovéni se uvadi pfed ptehled pouzité literatury.

Literatura: Mély by byt citovany prace uvefejnéné v lekto-
rovanych periodikach. Odkazy na literaturu v textu se prova-
dé&ji uvedenim jména autora a roku vydani publikace. V &asti
Literatura se uvadégji jen prace citované v textu. Citace se fadi
abecedné podle jména prvniho autora: pfijmeni, zkratka jména,
rok vydéni (v zavorce), plny nazev prace, ufedn{ zkratka &aso-
pisu, ro¢nik, prvni—posledni stranka; u knih je uvedenc misto
vydani a vydavatel.

Kontaktni adresa obsahuje vedle postovni adresy také &isla
telefonu, faxu a e-mail adresu autora povéfeného korespondenci.

Tabulky a obrazky: Tabulky, obrazky a fotografie se doda-
vaji zvlast' a viechny musi byt citovany v praci. Akceptovany
budou pouze obrazky. které jsou nezbytné pro dokumentaci
vysledki a umoziuji pochopeni textu. Neni pfipustné doku-
mentovat vysledky jak v tabulkach, tak pomoci grafi. VSechny
ilustrativni materialy musi mit kvalitu vhodnou pro tisk. Foto-
grafie i grafy jsou v textu uvadény jako obrazky a musi byt
prabézné Cislovany. Kazdy obrazek musi mit struény a vystizny
popis. )

Separaty: Autor obdrzi 10 separatnich vytiski publikované
préce.



CZECH JOURNAL OF GENETICS AND PLANT BREEDING
Volume 37, 2001, No. 4

CONTENTS

DREISEITL A.: Powdery mildew resistance in Czech and Slovak barley breeding lines .......oovvvivvniviviniiiinnnnnan, 105

HYBL M., URBAN J., VACLAVIKOVA J., GRIGA M.: Powdery mildew resistance in Czech and Slovak barley

DI BTN s T St T e R e ST T s S T S e e oS e SR 0 114
SABHARWAL P.S.: Correlation studies inpear] millet..cuumnmnsmnmmmnunasssmsiimi s 124
NEW VARIETIES
KREUZMAN J:: Peavariety Kamelot «ovnvanmnnamnnnnmnsisnisnsmssnnssssisimpiimismmisimmeasmin 129

OBSAH
DREISEITL A.: Odolnost ¢eskych a slovenskych Slechtitelskych linii je¢mene k padli travnimu ...ccoveveieviiiiinenns 105

HYBL M., URBAN J., VACLAVIKOVA J., GRIGA M.: Stanoveni obsahu $krobu, amylosy/amylopektinu

a hrubého proteinu v kolekci genetickych zdrojli hraGhilismiannmsmmiiusasisuiingissamiiaminiinas 114
SABHARWAL BS. s Koreladnistidie Pennisetiint Zlatieuii L. c.coxssnse ssvssanssnssssnssssesmmsnssentin sressssms sssisssmsssiussssns 124
NOVE ODRUDY
KREDZMAN {2 Hraoh gty R amelod . e s mess e st s s T e e s e e as s 129

Védecky ¢asopis CZECH JOURNAL OF GENETICS AND PLANT BREEDING (GENETIKA A SLECHTENI) @ Vydava
Ustav zemédelskych a potravindfskych informaci @ Redakce: Slezska 7, 120 56 Praha 2, tel.: + 420 2 27 01 02 03, fax:
+42022701 01 16, e-mail: braun@uzpi.cz @ Sazba a tisk: UZPI Praha @ © Ustav zemedeélskych a potravinaiskych informaci,
Praha 2001

Rozsituje Ustav zeméd&lskych a potravinafskych informaci, referat odbytu, Slezské 7, 120 56 Praha 2, tel.: + 420 2 27 01 03 85,
e-mail: finance@uzpi.cz


mailto:braun@uzpi.cz
mailto:finance@uzpi.cz

