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DIRECT SOMATIC EMBRYOGENESIS AND PLANT REGENERATION
FROM CULTURED EMBRYOS IN THE GENUS TRIFOLIUM

J. Repkova

REPKOVA, J. (Research and Breeding Institute for Fodder Crops, Troubsko):
Direct Somatic Embryogenesis and Plant Regeneration from Cultured Embryos
in the Genus Trifolium. Genet. a Slecht., 25, 1989 (3) :173-180

Direct somatic embryogenesis on cultured embryos with subsequent plant re-
generation was achieved in a number of Trifolium species: T. repens f. hollan-
dicum and f. giganteum, T. pratense cvs. Start and Kvarta, T. alpestre, T. am-
biguum cv. Summit, T. medium, T. pannonicum, T. rubens and T. vesiculosum
cv. Yuchi. The most suitable stage of zygotic embryos for embryoid initiation
was the torpedo stage. Somatic embryo production was initiated on the basal
medium EC 6 with 0.22 M and 0.44 uM BAP and 1.0 g/l YE. Hormone free me-
dium L2 stimulated plantlet formation. This method is suitable for rapid clonal
propagation of desired genotypes and the raising of rare interspecific hybrids.

Trifolium species; embryo culture; direct somatic embryogenesis; clover
breeding

In vitro methods of explant culture are applied for the improvement
of certain clover species, mainly those important as forage legumes,
among which red clover (Trifolium pratense) and white clover (Trifo-
lium repens) are the leading crops. Another group of clovers consists of
the wild species with good prospects for agricultural use as donors of
some useful traits (T. alpestre, T. ambiguum, T. medium, T. sarosiense).

Somatic embryogenesis in vitro is the development of embryo-like
structures from somatic cells into plants through characteristic embryo-
logical stages without fusion of gametes. This process occurs either
indirectly from cells, which have subsequently been redetermined for
embryogenic development after their differentiation (callus or sus-
pension culture) or directly from the cells of an organlzed structure,
known as predetermined embryogenic cells.

The process of somatic embryogenesis in the genus Trifolium has
been described in a few species only. Phillips and Collins (1980)
first successfully initiated embryoid formation from the callus derived
from a cell suspension culture of red clover. Their method was later
applied by Keyes et al. (1980) in T. pratense too and in T. rubens by
Parrott and Collins (1982). White (1984) described plant
regeneration from suspension cultures of white clover via somatic
embryogenesis. Somatic embryos were formed callus cultures derived
from hypocotyl sections of T. incarnatum, T. vesiculosum, T. ambiguum
and T. repens (Pederson, 1986). But mature plants were only
obtained in T. incarnatum.
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The first report on direct somatic embryogenesis on immature zy-
gotic embryos was presented by Maheswaran and Williams
(1984) in T. repens. They extended this procedure to further Trifolium
species (T. pratense, T. resupinatum and T. subterraneum) in the next
paper (Maheswaran, Williams, 1986).

The first step of this work was to improve the method of direct
somatic embryogenesis in zygotic embryos for a number of Trifolium
species involved in our breeding programmes. In addition, this method
was used in special situations such as plant regeneration from hybrid
embryos with the aim of obtaining new interspecific hybrids.

MATERIALS AND METHODS

Several Trifolium species were involved in the experiments: T. pratense L. cvs.
Start (2n) and Kvarta (4n), T. repens L. f. hollandicum and f. giganteum, T. alpestre
L., T. ambiguum M. B. cv. Summit, T. medium L., T. pannonicum Jacq., T. rubens
L. and T. vesiculosum Savi cv. Yuchi.

Plants for zygotic embryo excision were grown under greenhouse conditions.
Flowers were cross-pollinated by hand or with the aid of bumble-bees. Flowers
with developing ovaries were harvested 6 to 10 days after pollination and surface
sterilized 3 minutes in 70 per cent alcohol and 15 minutes in 5 per cent chloramine,
followed by sterile water washing. Embryos in various stages of development (heart-
-shaped, torpedo and mature embryos, Fig. 1) were excised in sterile conditions
under a stereomicroscope. Embryos were cultivated on EC 6 basal nutrient medium
(Maheswaran, Williams, 1984) which supports the in vitro growth of imma-
ture embryos of T. Tepens. This medium was supplemented by benzylaminopurine
(BAP) (0.11 pM, 0.22 uM and 0.44 uM) and 1.0 g/l yeast extract (YE). After several
weeks’ cultivation the cultures were transferred to hormone free medium L2 (Phil-
lips, Collins, 1979) for plantlet formation.

RESULTS AND DISCUSSION

From the point of view of somatic embryo initiation and plant
regeneration the most suitable stage of zygotic embryos was the torpedo
stage for all species (Tab. I). The highest number of cultivated embryos
was stimulated to embryoid production in T. repens f. hollandicum and

1. Schematic represen-
tation of the stages in
zygotic embryogenesis in

A B red clover
A — heart-shaped em-
bryo, B — torpedo em-
,__1_'“_;‘-4 bryo, C — late torpedo
D D — mature embryo
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I. Comparison of somatic embryo initiation and plant regeneration from zygotic
embryos of various stages of development in eight Trifolium species

No. of embryos No. of regenerants
Stage of
ECRRESEE developnent excised with total er emb.
embryoids DErembryo
\
heart 19 5 15
S Lo torpedo 51 25 170 5§20
mature ‘ 21 10 55 5—-15
T. repens L. !
£, eigcitein torpedo 11 6 49 6—12
heart 6 0 0 0
T. pratense L.
t 5o Shak | torpedo 30 5 66 7—25
[ mature 18 0 0 0
heart 11 0 0 0
T. pratense L.
cv. Kvarta torpedo 12 4 33 4—10
mature 15 0 0 0
heart 13 2 3 1-2
T. ambiguum M. B. torpedo 25 10 86 6—17
; mature 15 2 10 37
: heart 5 1 5 5
| T. medium L. | torpedo 14 8 57 4—12
i | ature 8 0 0 0-
! heart 11 2 10 5
T. rubens L. torpedo 13 3 30 5—14
mature 5 1 3 3
T. pannonicum Jacq. torpedo l 10 2 8 3-5
T. alpestre L. torpedo ’ 10 1. 7 é
T. vesiculosum Savi | torpedo | 6 1 12 12

f. giganteum, T. ambiguum and T. medium. In T. repens f. hollandicum,
T. ambiguum and T. rubens all three stages of zygotic embryo deve-
lopment gave rise to. embryoid and plant regeneration (Fig. 2). Em-
bryoids arose on the hypocotyl part of zygotic embryos without callus
initiation (Fig. 3). In several cases the embryoids formed on the cotyled-
ones of mature embryos.

Somatic embryo production was initiated on the media with YE and
at two higher BAP concentrations within 5 — 7 days. The suppresion of
main zygotic embryo axis was observed. After about three weeks’ cultiv-
ation the cultures were transferred to basal medium L2 which stimulated
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2. Regeneration frequency of explants with embryoid initiation in dependence on
development stage of zygote embryo in eight Trifolium species

1 — T. repens f. hollandicum; 2 — T. repens f. giganteum; 3 — T. pratense cv. Start;
4 — T. pratense cv. Kvarta; 5 — T. ambiguum; 6 — T. medium; 7 — T. rubens;
8 — T.pannonicum; 9 — T. alpestre; 10 — T. vesiculosum

Stages of zygotic embryo:[]]] heart-shaped, [l torpedo, E| mature

plantlet formation. The in vitro formed plants (Fig. 4) exhibited normal
development when transferred into the soil (Fig. 5). The shoots and
roots of regenerants evolved simultaneously. Total cultivation from
embryo excision to differentiated plant regeneration lasted 5 — 6 weeks.

3. Embryoids developing on the hypocotyl of a torpedo zygotic embryo of Trifolium
repens cultured on medium with BAP and YE (x 16.,6)
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4. A clone of plants obtained via direct
somatic embryogenesis on a zygotic
embryo of Trifolium repens after 5
weeks’ cultivation

Various clover species differed in the number of plants regenerated from
one zygotic embryo. The total number of plants regenerated from one
embryo in its different stages is shown in Table I.

We succeeded in direct somatic embryogenesis initiation and plant
regeneration in all Trifolium species tested; T. repens f. hollandicum

5. Regenerated plant of
Trifolium repens trans-
ferred to soil
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and [. giganteum, T. pratense cvs. Start and Kvarta, T. alpestre, T. ambi-
guum, T. medium, T. pannonicum, T. rubens and T. vesiculosum. Indirect
somatic embryogenesis from hypocotyl and other seedling segments was
not so successful. Parrott and Collins (1982) succeeded in
somatic embryogenesis only in T. rubens from the callus in four Trifo-
lium species from cell suspensions. Pederson (1986) also obtained
regenerated plants from the only species (T. incarnatum) within four
species tested.

Immature zygotic embryos in the genus Trifolium proved to be the
most suitable explants for plant regeneration. We also succeeded in plant
regeneration via organogenesis from the calli derived from the immature
embryos of several Trifolium species (Repkovad, in press). Other
explants (hypocotyl, stem, petiole and leaf) was not suitable for plant
regeneration. Embryonic tissues show enhanced potential for both direct
and indirect regeneration. Zygotic embryo cultures also gave a good
account of plant regeneration in other crops, particularly in cereal
crops (Vasil, 1987). The age of explant (embryo) is decisive for
successful in vitro manipulation.

One of the most promising applications for direct somatic embryo-
genesis is large scale propagation. Maheswaran and Williams
(1985) deal with the origin and development of somatic embryos. They
conclude that in T. repens the young.epidermal cells of embryo hypo-
cotyl show features of proembryogenic cells. They admit both single-cell
initiation and multicellular budding. Direct somatic embryogenesis is
associated with greater genetic uniformity of regenerated plants owing
to omission of callus stage. Therefore this method is a useful tool for
clonal propagation. The frequency of somaclonal variation among re-
generants is low (Maheswaran, Williams, 1987).

Another application of direct somatic embryogenesis for the impro-
vement of red clover is its use in interspecific hybridization in the genus
Trifolium. The embryo culture technique enables new hybrid combination
raising. In the case of abnormal development of a hybrid embryo on the
culture medium, no hybrid plant is obtained. This failure may be over-
come by direct somatic embryogenesis or plants can be obtained from
totipotent callus culture derived from zygotic embryos.
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REPKOVA, J. (OSEVA — Vyzkumny a S§lechtitelsky tstav picninarsky, Troubsko):
Somatickd embryogeneze rodu Trifolium a jeji praktické vyuziti ve Slechténi. Genet.
a Slecht., 25, 1989 (3) :173-180

U nékolika druht rodu Trifolium byla aplikovana metoda primé somatické embryo-
geneze ze zygotickych embryi v riznych fazich jejich vyvoje. Tato metoda byla
uspésné aplikovana u vSech testovanych taxont rodu Trifolium: T. repens f. hollan-
dicum a f. giganteum, T. pratense cv. Start, cv. Kvarta, T. alpestre, T. ambiguum,
T. medium, T. pannonicum, T. rubens a T. vesiculosum. Tvorba embryoidi byla
nejefektivnéji indukovana u T. repens f. hollandicum a f. giganteum, T. ambiguum,
T. medium, a to ve fazi torpéda. Tvorba embryoidii byla iniciovana na bazalnim
médiu EC 6 a 0,22 uM a 0,44 «M benzylaminopurinu a 1,0 g kvasi¢ného extraktu na
1 1. Naslednou tvorbu rostlin podporovalo bazalni médium L2 bez ristovych latek.

Trifolium sp.; embryogenni kultury; prima somaticka embryogeneze; Slechténi jetele

PXEMKOBA, . (OCEBA — HayuHO-UCCNneaoBaTEeNbCKUIE M CENEKLYUOHHbIA WHCTUTYT Kop-
Monpou3BoacTBa, Tpoy6eko): Comatuueckunii am6puorenes poaa Trifolium wu ero npaktu-
ueckoe ucnonszosaHue B cenekuun. Genet, a Slecht., 25, 1989 (3): 173-180.

Y Heckonbkux Bugos poaa Trifolium npuMeHSNCs METOA NPSMOro COMaTUUYECKOro am6puo-
reHesa M3 3UroTHbIX 3apoAblilIeB B pasHbix da3zax ux pasBuTus. [aHHbii MeToA yCneuwHo
npumMeHsnu y Bcex TakcoHos poga Trifolium: T. repens f. hollandicum u f. giganteum,
T. pratense cv. Start, cv. Kvarta, T. alpestre, T. ambiguum, T. medium, T. pannoni-
cum, T. rubens u T. vesiculosum. O6pa3osaHue aM6pUOMAOB HalGonee aOEKTUBHO Gbino
uHayuuposaHo y T. repens f. hollandicum u f. giganteum, T. ambiguum, T. medium,
npuuem B (pasy Topneaa. O6pa3zosaHue SMEpPUOMAOB 6bINO MHWLUWPOBAHO Ha OCHOBHOM
cpeae EC 6 ¢ 0,22 uM wu 0,44 uM GeH3unamuHonypuHa u 1,0 r APOXXKEBOro 3KCTpakTa
Ha 1 n. lNocnepyiowee ofBpasoBaHue paCTeHWil NoAAEpxWBana OCHOBHas cpepsa L2 6Ges
POCTOBbIX BELWECTB.

Trifolium sp.; KyNbTypbl 3apoAbliLeB; NPAMOA COMaTUUECKUW IMOBPUOreHes; Cenekuus Kne-
Bepa

REPKOVA, J. (OSEVA — Forschungs- und Ziichtungsinstitut fiir Futterpflanzenbau,
Troubsko): Somatische Embryogenese' der Gattung Trifolium wund ihre praktische
Anwendung in der Ziichtung. Genet. a Slecht., 25, 1989 (3) : 173-180

Bei einigen Arten der Gattung Trifolium wurde die Methode der direkten soma-
tischen Embryogenese aus zygotischen Embryos in verschiedenen Phasen ihrer Ent-
wicklung appliziert. Diese Methode wurde bei sdmtlichen getesteten Taxa der Gat-
tung Trifolium erfolgreich appliziert u. zw.: T. repens f. hollandicum und f. gigan-
teum, T. pratense cv. Start, cv. Kvarta, T. alpestre, T. ambiguum, T. medium, T.
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pannonicum, T. rubens und T. vesiculosum. Die Bildung der Embryoide wurde am
effektivsten bei T. repens f. hollandicum und f. giganteum, T. ambiguum, T. medium
induziert uzw- in der , Torpedo“-Phase. Die Bildung der Embryoide wurde auf
dem Basalmedium EC 6 und 0,22 xM- und 0,44 xM-Benzylaminopurin und 1,0 g Hefe-
extrakt pro 1 1 initiiert. Die nachfolgende Bildung der Pflanzen wurde durch das
Basalmedium L2 ohne Wachstumssubstanzen unterstiitzt.

Trifolium sp.; embi‘yogene Kulturen; direkte somatische Embryogenese: Klee-
zlichtung

The author’s address:

RNDr. Jana Repkova, OSEVA — Vyzkumny a $lechtitelsky uUstav picninaisky
664 41 Troubsko
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GENETIC ANALYSIS AND CORRELATION IN THE CONTENT
OF PROTEINS AND AMINO ACIDS IN GRAIN MAIZE

B. Rysava

RYSAVA, B. (Maize Research Institute, Trnava): Genetic Analysis and Corre-
lation in the Content of Proteins and Amino Acids in Grain Maize. Genet.
a Slecht., 25, 1989 (3) :181-190

Following results can be obtained from an analysis of diallel crossing of the
maize inbred lines with o2 gene Tva 8433 o2 and Tva 8006 o2, and their analo-
gues Tva 8507 and Tva 8545, and from an analysis of combining ability in the
content of protein and amino acids. The contents of proteins, aspartic acid, thre-
onine, glycine, histidine, arginine, and lysine is controlled by an additive gene-
tic system. In case of the leucine content, both genetic systems are balanced.
Based upon GCA effects, inbred lines with o2 can be recommended for the se-
lection use for the content of aspartic acid, threonine, histidine, lysine, and ar-
ginine. For the leucine content, inbred lines Tva 8507 and Tva 8545. Among in-
dividual amino acids, we have found in 34 cases strong correlations, in 8 cases
positive dependence, in 1 case negative dependence, and in 3 cases highly sig-
nificant negative dependence.

maize; amino acids; inbred lines

Ivanko (1983) states that biochemical study of plant proteins
which are to contribute both to increase of the protein content and
improvement of the amino acid composition, and finally, to increase their
utilization by(an animal organism is being deepened all over the world.

Selection for higher protein quality is ‘influenced by negative
correlation between the content of proteins and content of lysine as it
has. been found by many authors (Janickij, Kovalc&ik, 1964).

Expression of the protein content of the maize grain is influenced by
an interaction of genotype X environment (Genter et al, 1956;
Bressani etal., 1962; Balint etal, 1970; Decau, Pujol, 1973;
Pollmer et al, 1978).

According to Zima (1979), opaque-2 gene does not influence the
protein content in grain but it increases the lysine content in 76 % in
inbred lines, and in 45—60 % in hybrids. Woodworth, Jugen-
heimer (1948) and Frey (1949) claim that the protein content is
directed by a polygene genetic system. These authors have also found
intermediate heredity of the protein content. Dundley et al. (1975)
confirmed that it is possible to eliminate considerably the yield reduct-
ion in o2 materials by an appropriate breeding method. With the help
of recurrent selection, the grain yield of opaque-2 hybrids has increased
from original 85 % to 99 % of the yield of six normal standard hybrids.
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MATERIALS AND METHODS

Inbred lines Tva 8507, Tva 8545, Tva 8433 o2, and Tva 8006 o2z have been used in
diallel crossing to determine genetic condition in the content of protein and 15
amino acids. After the full diallel crossing, the trial was sown in 4 replications.
The trial plot had 4 rows in each replication. In the two middle rows, the seeds
were produced through the mixture of pollen to determine the content of proteins
and amino acids. The trial was sown with spacing 0.7 x 0.2 m, i. e. 71 428 plants per
ha. There were 24 plants in onerow of which 20 plants were harvested. The content of
proteins and amino acids of grain has been determined from samples by analyser
AAA T 339 in a laboratory in the Maize Research Institute. Method by Griffing
(1956) has been used for results evaluation.

RESULTS

The content of individual amino acids can be seen in Fig. 1. Of
studied indices, the significant influence of hybrids has been found only
in the content of proteins and other 7 amino acids.

Results of genetic variability analyses are summed up in Tab. I. In
the protein content, significant effect of GCA and SCA, and insignificant
reciprocal effect has been observed. The ration of GCA : SCA (2.377:1)
indicates the control of the protein content by an additive genetic
system. The inbred lines Tva 8433 o2 (0.23) and Tva 8545 (0.34) have
reached the value of GCA effects (Tab. II). The highest SCA values have
been found in hybrid combinations Tva 8433 o2 X Tva 8006 o2 (0.55),
Tva 8507 X Tva 8006 o2 (0.31). Negative values of SCA effects have also
been found. Though a part of reciprocal effect has been found statistic-
ally insignificant in the analysis of genetic variability. relatively greater
differences have been observed in the crossing direction in some hybrid
combinations. The highest negative effect had the combination Tva
8006 o2 X Tva 8433 o2.

Significance of GCA, SCA and insignificance of reciprocal effect
have been observed in the leucine content (Tab. I). GCA : SCA is 1.188:
:1. It can be concluded out of this that the lencine content represents
a balanced influence of an additive gene system. The highest positive
GCA effects have been reached by the inbred lines without o2 gene —
Tva 8507 (0.58) and Tva 8545 (0.14). negative effects have been reached
by the inbred lines with o2 gene. The highest SCA values have been
observed in the hybrid combination Tva 8545 X Tva 8433 o2 (1.11), Tva
8545 X Tva 8006 o2 (0.69). Negative SCA values have also been found.
The highest values of reciprocal effects have been observed in Tva
8006 o2 X Tva 8507 (0.62). and Tva 8545 X Tva 8507 (0.54).

The analysis of combining ability in the content of aspartic acid
showed an expressive prevalence of GCA in the realization of this trait.
The ratio of GCA : SCA (8.052: 1) showed the prevalence of the additive
gene system. According to the GCA effects, the best combining abilities
could be observed in the inbred lines with o2 gene — Tva 8433 o2 (0.12),
Tva 8006 o2 (0.98). The highest SCA values have been calculated in the
hvbrid combinations Tva 8433 o2 X Tva 8006 o2 (0.47). Other values of
SCA effects have been negative. The results of calculation of values of
reciprocial effect have been both positive and negative. Occurrence of
negative reciprocal effect in the hybrid combination in which the inbred
line o2 was used as a mother component, only confirms the result of the
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I. Analysis of variance and special combining ability and reciprocal effect in

proteins and some amino acids

Source Freedom Mean F Proportion
Character of variance degree squares values GCA : ScA
LEU GCA 3 2.0004 4.2551+ 1.188 1
SCA 1.6835 3.5811+
Recip. 0.5689 0.7847
Error 0.4701
HIS GCA 0.4604 18.3258* 12.315 1
SCA 0.0373 1.4878
Recip. 0.0331 1.3202
Error 0.0251
LYZ GCA 1.2801 33.3700* 9.038 1
SCA 0.1416 3.6926+
Recip. 0.1724 0.4496
Error 0.3836
ARG GCA 0.8531 10.8431+ 5.844 1
SCA 0.1459 1.8551
Recip. 0.0635 0.8078
Error 0.786
Proteins GCA 3 0.9179 8.2827* 2.377 1
SCA 6 0.3861 3.4845
Recip. 0.1843 1.6635
Error 0.1108
ASP GCA 4.4072 13.1746* 7.052 1
SCA 0.6252 1.8689
Recip. 0.4366 0.1305
Error 0.3345
THR GCA 0.1670 8.7692+ 4,957 1
SCA 0.0235 1.2366
Recip. 0.0077 0.4077
Error 0.0194
GLY GCA 0.5437 32.66331 8.947 1
SCA 0.0607 3.6505
Recip. 0.0165 0.9971

GCA — general combining ability
SCA — special combining ability

Recip. — reciprocal effect; * significant at P = 0.05
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I1. Effect of GCA

| Proteins ' Rank ASP Rank | GLY ’ Rank | THR
Tva 8507 —0.32 ‘ 4 —0.68 4 —0.30 | 4 —0.16
Tva 8545 0.23 2 —0.43 3| —0.12 3 —0.05
Tva 8433 03¢ | 1 0.12 2 0.17 2 0.04
Tva 8006 —0.25 3 0.98 1 0.25 1 0.17
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Rank | LEU | Rank | HIS ‘ Rank | LYZ | Rank l ARG | Rank
4 0.58 1 —0.29 3 —0.46 4 033 4
3 0.14 2 —0.09 4 —0.17 3 —0.18 3
2 —~0.60 4 0.24 1 0.21 2 0.12 2
1 —0.13 3 0.14 2 0.42 1 0.39 1
III. Combining ability effects (SCA above the diagonal) and reciprocal effects
Tva 8507 Tva 8545 Tva 843302 | Tva 800602 GCA ]
Proteins| | L3 —043. | 031 —0.32
ASP ; | =0i11 032 | —048 —0.68
THR ! | —002 0.06 | —0.08 ~016 |
GLY | Tva 8507 | 0.04 ~0.02 ~0.15 —-030 |
LEU |01 0.32 l 0.18 0.58
HIS I —0.02 0.02 | —0.19 —0.29
LYZ 003 —0.28 ‘ —0.01 —0.46
ARG 0.04 —026 | 008 =053
Proteins 0.02 | 015 ! -~ 0.62 0.23
ASP 0.15 | —048 - —032 —0.43
THR —0.01 | —0.03 ~0.10 —0.05
GLY | Tva8545 | 0.10 —0.19 —0.14 —0.12
LEU j 0.54 1.11 0.69 0.14
HIS 0.11 —0.05 —0.03 —0.09
LYZ 0.09 —0.25 —0.28 0,17
ARG 0.21 —0.32 0,17 —0.18
Proteins ~0.35 0.08 0.55 0.34
ASP 0.07 —0.11 0.47 0.12
THR | 0.01 9.10-3 —0.03 0.04
GLY | Tva 84330, 0.01 —0.08 0.20 0.17
LEU 9.10-3 | —0.46 —0.99 —0.60
HIS 0.09 —0.23 0.17 0.24
LYZ Lot —0.04 0.23 021 |
ARG 0.16 0.07 | | 0.30 0.12 :
Proteins L 002 —0.13 0.62 ; —0.25
ASP L 022 0.09 017 | 0.98
THR 013 —0.04 0.04 | 0.17
GLY | Tva80060s |  0.16 ~0.06 0.01 | 0.25
LEU 062 —06¢ | 008 | —0.03
| HIs ; L017 -021 | -0.02 ‘ 0.14
LYZ | | 011 3.101* | o011 | o4 !
ARG | | oz ~0.16 | 019 | 039 |
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1V. Correlation coefficients among particular amino acids

ASP THR SER GLU PRO GLY ALA
Proteins —0.03 0.00 —0.19 —0.28 —0.31 021 —0.36
ASP 0.86*+ 039 —0.20 —0.26 0.90++ —0.32
THR 0.52+ 0.03  —0.01 0.83++ —0.10
SER 0.51 0.23 0.42 0.46
GLU 0.37 —0.26 0.95++
PRO —0.18 0.30
GLY —0.41
ALA )
VAL
MET
ILE
LEU
TYR
PHE
HIS
LYS

combining ability analysis where components of reciprocal effect have
been statistically insignificant.

Significant GCA influence, and SCA and reciprocal effect insignific-
ance have been observed in the threonine content (Tab. I). It results
from the ratio of GCA : SCA (4.85:1) that this trait is under control of
the additive genetic system. Values of GCA have been positive in the
inbred lines with o2 gene — Tva 8006 o2 (0.17), Tva 8433 o2 (0.02), and
their analogues had negative values —0.16 and —0.05. Positive values
(0.06) have been obtained in the hybrid combination Tva 8507 X Tva
8433 02. In other cases there were negative values. The hybrid combin-
ation Tva 8006 o2 X Tva 8507 (0.13) had the highest value of reciprocal
effect. The direction of crossing had negligible influence in other
combinations.

Analysis of genetic variability in the histidine content showed an
influence of the general combining ability. It is possible to suppose
from the ratio of GCA:SCA (12.315:1) that the histidine content is
under control of the additive genetic system. The GCA effects made it
their analogues had negative values —0.16 and —O0.05. Positive values
(0.24, 0.14) have been obtained in the inbred lines with o2 genes, and
negative values of GCA (—0.29, —0.09) in their analogues. The highest
SCA values for the histidine content were in Tva 8507 X Tva 8433 o2,
and Tva 8433 o2 X Tva 8006 o2 (0.17) — Tab. III.

Correlation between proteins, amido acids

Correlation between particular traits (proteins, amino acids) cha-
racterizes dependence of traits in a set. Observed correlation expressed
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VAL MET ILE LEU TYR PHE HIS LYZ ARG
0.03 -0.23 —0.23 —0.26 —0.44 —0.45 0.31 0.12 0.00
0.61* 0.14 0.34 —0.63*+* 0.53 0.14 0,73+ 0.93" 0.91++
0.79+1 0.22 0.54+ —0.41 0.47 0.28 01 i 0.91++ 0.87++
0.73++ 0.18 0.75*+ 0.21 0.53* 0.66++ 0.24 0.40 0.55++
0.38 0.18 0.72++ 0.85++* 0.29 0.73*+ —0.25 —0.22 —0.11
—0.06 —0.27 0.11 0.35 0.86 0.20 —0.14 —0.19 —0.12
0.72++  0.04 0.30 —0.67**  0.34 0.04 0.91++ 0.98++  0.94+
0.24 0.25 0.67++ 0.91+* 0.27 0.74++ 0.42 -0.38 —0.27
0.26 0.77+* —0.03 0.36 0.51* 0.69+1 0.71++ 0.74++
0.16 0.00 —0.10 0.67 —0.10 0.13 0.10
0.43 0.65* 0.89+ 0.23 0.32 0.40
0.05 0.56* —0.60* —0.66** —0.56*
0.77++ 0.20 0.36 0.45
0.01 0.06 0.19
0.88++  0.83*1
0.95+*

by the significance of a correlation coefficient expressed by the total
of relationship valid in the studied diallel set. Correlation coefficients
between individual amino acids are in Tab. IV. Limits of high signific-
ance were reached by coefficients between aspartic acid and threonine
(0.86%%), glycine (0.90**), histidine (0.73**), lysine (0.93**), arginine
(0.91**), between threonine and glycine (0.88**), valine (0.79*%),
histidine (0.77*7%), lysine (0.01**), and arginine (0.87**%). Values
between serine and valine were (0.73*%), isoleucine (0.75*%), phenyl-
alanine (0.66**9, between glutamic acid and alanine (0.95*%"), isoleucine
(0.72**), leucine (0.85**), phenylalanine (0.73**). High significance
was calculated between glycine and valine (0.72**), histidine (0.91*7*),
lysine (0.08*%*) and arginine (0.94**), between alanine and isoleucine
(0.67**), leucine (0.91**), phenylalanine (0.74**). 0.77+*+ was’ cal-
culated in valine, 0.68"* with isoleucine, 0.71*+ with lysine, 0.69**
with histidine, and 0.74*+ with arginine. Isoleucine reached limits of
high significance with tyrosine (0.65**) and phenylalanine (0.89%*).
Tyrosine with phenylalanine reached value 0.77**, histidine with lysine
0.88** and with arginine 0.83**, and lysine with arginine 0.95+*.
Significant influence between individual amino acids was calculated in
eight cases.

Highly significant negative correlation was observed in aspartic acid
and leucine, between leucine and glycine. leucine and lysine. Correlation
coefficient —0.56** was calculated in arginine and leucine. In our ex-
periment, no significance or high significance, neither positive nor ne-
gative, was observed between individual amino acids or proteins.
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DISCUSSION

Comparison of by us obtained results with those obtained by other
authors is not easy. Every researcher chooses for his work his own sets
of genotypes which are characterized by certain traits and chooses
different methods of elaboration. The next problems is that evaluation
is done in different climatic-agroclimatic conditions which influence
considerably the manifestation of observed traits, and also contribution
of individual genetic influences. Comparison is thus possible only in
general conclusions, and namely in analogical trial scheme.

Those by us chosen inbred lines have been crossed according to the
diallel scheme to compare the contribution of combining abilities of
particular genotypes in the content of proteins and amino acids. The
method by Griffing (1956) made it possible to consider the general
and special combining ability of the observed traits.

According to our results, the content of proteins, aspartic acid,
threonine, glycine, arginine, and lysine is controlled by an additive gene
system. Genetic additive systems prevail nonadditive genetic systems in
the observed traits. In case of leucine, GCA and SCA were quite ba-
lanced.

Our results are equal with those of Zima (1979) by which o2 gene
does not influence the protein content in the grain. Correlation coef-
ficient of 0.123 between the content of proteins and lysine has been
found between the content of proteins and particular amino acids. Z1i-
ma (1979) has found a significant negative correlation between the
content of proteins and lysine (r = —0.35) in inbred lines and (r =
= —0.40) in hybrids. Adverse influence of the high protein content
on the grain yield was observed by Kljucdko, Maksak (1969).
A negative correlation coefficient (r = —0.486) has been found between
these traits. At the same time, these authors observed that the protein
content per unit of area in inbred lines depended upon both grain yield
and protein content. That by us observed correlation coefficient between
the grain yield and protein content was (r = —0.026). Jugenhei-
mer (1976) has found a negative correlation between ,the grain yield
and protein content (r = —0.522). The author observed considerable
influence of the mother component.

CONCLUSION

Generally it is possible to state that the content of proteins, aspartic
acid, threonine, glycine, histidine, arginine, and lysine is controlled by
an additive genetic system. Both additive and non-additive genetic
systems are balanced in case of the leucine content. Possitive GCA
effects in inbred lines Tva 8433 o2 and Tva 8006 o2, and negative values
in Tva 8507 and Tva 8545 have been calculated in all cases in the con-
tent of aspartic acid, threonine, histidine, lysine, and arginine. The si-
tuation was contrary in case of the leucine content.

Correlation between the content of proteins and that of 15 amino
acids has been studied. 34 cases of strong positive dependence and 8
cases of positive dependence have been found. In one case, negative
significant dependence has been calculated, and in 3 cases highly
significant dependence.
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RYSAVA, B. (Vyskumny ustav kukurice, Trnava): Genetickda analjza a vzdjomné
vztahy pri obsahu biedlkovin a aminokyselin pri kukurici na zrno. Genet. a Slecht.,
25, 1989 (3) :181-190

Z analyzy dialelického krizenia samoopelenych linii kurice s o2 génom Tva 8433
o2 a Tva 8006 oz a ich analogov Tva 8507 a Tva 8545 ako aj analyzy kombinaénej
schopnosti pri cbhsahu bielkovin a niektorych aminokyselin mozno urobif zavery:
Obsah bielkovin, kyseliny asparagovej, treoninu, glycinu, histidinu, argininu, lyzinu
su pod kontrolou aditivneho genetického systému. Pri obsahu leucinu sa oba gene-
tické systémy vyrovnavaju. Samoopelované linie s o2 genom mozno na zaklade efek-
tov GCA odporucat pre sTachtitelské vyuzitie pre obsah kyseliny asparagovej, treoni-
nu, histidinu, lyzinu a argininu. Pre obsah leucinu samoopelované linie Tva 8507
a Tva 8545 bola zistena v 34 pripadoch silna zavislosf medzi jednotlivymi aminoky-
selinami a osem zavislosti kladnych, jeden pripad negativnej a tri pripady vysoko-
preukaznej negativnej zavislosti.

kukurica; aminokyseliny; samoopelované linie
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PULWLABA, B. (HayuHo-uccnepoBaTENbCKU MHCTUTYT KYKYpy3bl, TpHaBa): leHeTunueckuii
aHanW3 M B3aMMHble OTHOWEHWUs NpPU CojepXaHuu GenkoB, aMMHOKUCNOT M KYKYPY3bl Ha
3epHo. Genet. a Slecht., 25, 1989 (3) : 181-190.

M3 aHanuMsa pguannennMueckoro CKpeuwjMBaHusi CamoonbiNeHHbIX NMHWH KYKYpPY3bl C 02 FreHOM
Tea 8433 oz u Tea 8006 oz u ux aHanoramu Tea 8507 u Tea 8545, a Takxe aHanusza cno-
COGHOCTH KOMOGMHaUMWU NpU COAEpXKaHWU GEeNKOB M HEKOTOPbIX aMMHOKWUCNOT MOXHO Mpo-
BECTW 3aKNlueHue: CoAepxaHuWe 6enkoB, acnaparMHOBOW KWCAOTbl, TPEOHWHA, rNWUUMUHA,
rucTarvHa, apruHuMHa, NM3vHa HaxoAWTCA NOA KOHTPONeM aAMTTUBHOM reHEeTMUEeCKOW CHUcTe-
Mbl. Mpu coaepxaHWUu NeilluHa obe reHeTMueckWe CUCTeMbl BbipaBHUBaloTCs. CamoonbineH-
Hble NUHUKM C 02 Ha ocHoBe addekToB GCA MOXHO pekoMeHAOBaTb ANS CeNeKUUOHHOro
MCNoNb30BaHWA 3a CogepxaHWe acnaparMHOBOW KWMCNOTbl, TPECHWHA, TUCTUMAWMHA, NU3UHA
W apruHuHa. lpu cogepxaHun NeWUUHOB camoONbiNEHHbIX nuMHMIKM Tea 8507 u Tea 8545
6bina ycTaHoeneHa B 34 cnyuyasx CUNbHas 3aBMCUMOCTb MEXAY OTAENbHbIMU aMWUHOKMCNO-
TaMy U BOCEMb NONOXMUTENbHbIX 3aBUCUMOCTEN, OAMH CNyuyail oTpUuaTENbHbIA U TPU Cnyuas
BbICOKO AOCTOBEPHOW OTpULATENbHOW 3aBUCUMOCTH.

KYKYPYy3a; aMUHOKUCNOTbI; CaMOONblNeHHas NUHUS

RYSAVA, B. (Forschungsinstut fiir Maisbau, Trnava): Genetische Analyse und ge-
genseitige Beziehungen der Eiweifi- und Aminosdurengehalts bei Kornermais. Genet.
a Slecht., 25, 1989 (3) :181-190

Anhand von Analysen der diallelischen Kreuzung selbstbestiubter (s.) Maislinien
mit den o02-Genen Tva 8433 o2 und Tva 8006 oz und deren Analogen Tva 8507 und
Tva 8545 sowie anhand der Analyse der Kombinationsfidhigkeit in bezug auf den
Gehalt an Eiweiflstoffen und einigen Aminosduren konnen folgenden Schluf3-
folgerungen gezogen werden: der Gehalt der Eiweiflstoffe, der Asparaginsdure
des Threonins, Glyzins, Histidins, Arginins und Lysins stehen unter Kontrolle
des additiven genetischen Systems. Beim Leuzingehalt stehen beide genetische Sy-
steme in Gleichgewicht. Die s. Linien mit o2 kénnen aufgrund der GCA-Effekte in
bezug auf den Asparaginsdure-, Threonin-, Histidin-, Lysin- und Arginingehalt fir
die ziichterische Anwendung empfohlen werden. In bezug auf den Leuzingehalt der
s. Linien Tva 8507 und Tva 8545 wurde in 34 Fillen eine starke Abhédngigkeit zwi-
schen den einzelnen Aminosduren sowie acht positive Abhingigkeiten, ein Fall einer
negativen und drei Fille hochsignifikanter negativer Abhingigkeiten festgestellt.

Mais; Aminosduren; selbstbestiubte Linie

The authors’ address:

Ing. BoZzena Rys$Sava, Vyskumny ustav kukurice, Trstinska, 1, 91752 Trnava
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EVIDENCE FOR GENETIC POLYMORPHISM IN PROGENY OF
HIGH-PROTEIN HUSKLESS MUTANTS OF BARLEY
DEMONSTRATED BY HORDEI-SPECTRA

J. Ponert, J. Uhlik

PONERT, J. — UHLIK, J. (Czechoslovak Biochemical Society, Praha; Agricul-
tural Technical University, Praha): Evidence for Genetic Polymorphism in Pro-
geny of High-protein Huskless Mutants of Barley Demonstrated by Hordein-
Spectra. Genet. a Slecht., 25, 1989 (3) : 191-207.

Complex of hordeins from caryopsis of spring barley Czechoslovak cultivar
Atlas and of Mis-progeny of its mutants has been separated by extraction and
electrophoresis on polyacrylamide gel, followed by computerized densitometry.
Such method seems to be more resultative for identification and semiquantita-
tive estimation of newly named individual hordeins. For distinguishing of hor-
dein-spectra types the hordeins of the first main group have been used as genetic
markers. In such a way the genetic polymorphism in progeny of high-protein
huskless mutants originated from Mis-individual plants has been confirmed
in Mis-progeny. The possible reasons of such genetic polymorphism are discus-
sed. :

hordeins; high-protein huskless mutants; two-rowed spring barley; Czechoslo-
vak barley mutants; genetic markers; genetic biochemical polymorphism; Hor-
deum; lysine negative correlation with protein; individual selection in M2- and
Ms-generations; Mis-generation

'On the base of dependence of formation of specific proteins on ge-
notype it is possible to use the knowledge of barley special proteins-
-hordeins for estimation of degree of genetic identity of individual
plants of barley. Further possibilities given by estimation of protein
hordeins-complexes are proposed by Sozinov et al. (1976, 1978).
Identification and distinguishing of individual hordeins produced on the
base of different genetic informations is nevertheless dependent on the
sensitivity of the analytical method used.

Instead of formerly used starch gel electrophoresis with visual
estimation we have recently used more advanced and more sensitive
method, giving us the possibility of more clear distinguishing of larger
number of hordeins with some possibility of quantitative estimation of
relative amounts of individual hordeins. The extraction system for
hordeins has been modified by Bartko (1987 — personal communic-
ation), hordeins have been then separated by electrophoresis on poly-
acrylamide gel, coloured by Blue R-250 in trichloracetic acid and densito-
metrically evaluated under the computer control (program Analyst — 1
of Bio-Rad). Such densitograms allow to us the distinguishing of fine
genetic types in the progeny of mutants. For such study the advanced
Mi3; — progeny of individually selected in Ms plants is used by us.

GENETIKA A SLECHTENI, 25 (LXID), 1989, & 3 191



MATERIALS AND METHODS

Starting Material

As starting material Czechoslovak two-rowed spring barley culiivar Atlas has
been used. This cultivar has husky caryopsis and is originated as hybrid Diamant
X mutant S 55. As Czechoslovak cultivar Diamant is a radiomutant, we may say,
that Czechoslovak Atlas is the hybrid between two mutants.

Chemical Mutagenesis

Husky caryopsises of cv. Atlas has been exposed to 17 concentrations of methyl-
-nitro-urea in span between 1 mmol te 10 mmol for 3 hours at temperature 25 =
= 1 °C. Washing for 4 hours and 3.5 hours drying at 40 °C followed. 12 other hours
the material has been dryed at 24 °C.

Further Breeding and Testing

M: has been cultivated in field in 1974. In Mz2-plants the huskless caryopsises
have been selected and in further generations the crude protein content has been
estimated in huskless progenies. Dependence among lysine per protein and protein
content per dry matter of caryopsis has been studied in Ms-generation and for
huskless mutant UJ-5 and huskless mutant UJ-21 — families the negative correlation
between crude protein and lysin has been established (Fig 1).

Final biochemical estimation of mutants for proteins and content of individual
amino acids in hydrolyzed storage — proteins has been realized in Ms — Ms gene-
rations (Uhlik, Burianovad, 1983). Description and yield characteristics of husk-
less barley mutants UJ-5g and UJ-21a in generation Ms and M7 have been published
hy Uhlik, Birianova (1982), possibilities for backcross with other Czech bar-
ley cultivars are mentioned by Uhlik et al. (1986) and Uhlik, Marek (1988).
The huskless mutants exceed 80 per cent of husky cultivar Atlas. In comparison
with these yields it is necessary to take into account the necessary correction: the
hull forms about 11 per cent of the weight of husky caryopsis.

Analytical

As sample the individual caryopsis is used in the form of meal, extracted by
1.0 ml of extractive mixture. Composition of the extractive mixture is as follows:
2-chlorethanol — 30 g; urea — 18 g; 2-mercaptoethanol — 1 g: redestiled water
ad 100 ml.

The polyacrylamid gel is prepared from the following compounds: acrylamid —
80 g: bisacrylamid — 6 g; urea — 60 g; acetic acid glacial — 500 ml; ascorbic acid
— 1 g; glycine — 1 g; redestiled water ad 1000 ml.
Cell: Bio-Rad Protean II 16 x 18 cm, thickness of gel 1.5 mm. Conditions for electro-
phoretic separation: constant current

40 mA, 10000 Vh (approximately 18 hours at appr. 580 V).
Colouring of proteins by 0.2 per cent solution of Serva Blue

R-250 in 10 per cent trichloracetic acid.
After drying the gels have been estimated by densitometer VD 620

using the program (software) Analyst — 1 (Bio-Rad).

Identifica.tion‘a.nd Naming of Hordeis

We are able to identify the peaks representing the individual hordeins on the
base of their relative mobility, their seguence on densitograms and densitograms’
.finger-prints* careful examination and comparison. After naming the main iden-
tified hordeins more precise and more convenient comparison of hordein-mixture
separation-spectra is possible, Using the sequence of main hordein descendently
arranged according to their relative content we are able to write short formulas cha-
racterizing different types of natural hordein composition.

" As genetic markers the hordeins of the first main group have been used by us.
Our first main group of hordeins probably corresponds to the , C-hordeins group*“
of other authors e. g. Koie et al. (1976).
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1. Mutual dependence between lysine :
content in protein and protein content in 4 M3
dry matter of caryopsis in mutant fami-
lies in Ms-generation. In mutant UJ-5-
-family and in mutant UJ-21-family the
negative correlation between lysine-con-
tent and protein-content is manifested,
while in mutant UJ-3-family such nega-
tive correlation has been overcome

lysine per protein

) </<>o o
] 3

31, 16 16 17 18 19 20 21 (%)
crude protein per dry matter

RESULTS AND DISCUSSION

Identification of individual hordein by means of one-dimensional
vertical electrophoresis on polyacrylamide gel based on two physical
chemical characters, namely on the electric charge and diameter of the
protein molecule only, is difficult. Further methods for full identific-
ation, e. g. determination of the sequence of amino acids in the isolated
and purified protein eventually followed by some sophisticated ana-
lysis of its tertiary structure, are time consuming and not operative
for the purpose of the plant breeding and for these reasons they were
not used in this study. From other methods the immunochemical methods
and radio-immuno-assay might be perspective in future, although we are
not sure if complex information about all the hordeins would be
obtainable by them. Nevertheless, for the purpose of our study for
evaluation of the genetic polymorphism we find the method used to
be fully adequate. ’

For the genetic analysis of practical important characters with
complicated heredity and manifestation as baking quality or winter
resistence Sozinov (1985) has proposed the blocks of glyadins as
genetic markers in wheat. Similarly the block method for hordeins is
recommended in barley (Sozinov, 1985; Sasek et al., 1988). The
concept of such blocks is based on the correlation between hordeins
found during the hybridological analysis. Nevertheless, for the genetic
analysis of mutants we do not accept such approach taking into account
the possibility of point mutations. We prefer to use the individual
hordeins as genetic markers especially in the case of genetic comparison
of mutants.

The names given to hordeins by us serve for helping- or stipulative
designation of components of the hordein fraction of storage proteins of
caryopsis. Such naming will further help us in forming of so called
“hordein formulas” of types of hordeins natural composition.

L J
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I. Relative mobilities of main hordeins in the analytical system used (For the
beginning of gel = 0.00, for end of the plate = 1.00)

Ral'{gp of relative
Name of hordein o;n&beilg,tex;ls( f::: ctl}ilfefg-?:i . Name of hordein Rangilc))iflirti:tive
gel plates

ant 1 0.09 — 0.12 BO 0.30 — 0.40
sub P 0.10 — 0.15 REF 0.38 — 0.45
prop appr. 0.15 B1 0.43 — 0.51
PO 0.14 — 0.19 B2 0.45 — 0.54
Atl 1 0.16 — 0.21 B3 —0.51 — 0.57
Atl 2 0.18 — 0.23 B4 0.49 — 0.61
a 0.20 — 0.25 B5 0.54 — 0.62
Pl 0.21 — 0.26 B6 0.57 — 0.65
P2 0.23 — 0.28 B7 0.62 — 0.70
P3 0.26 — 0.29 B9 appr. 0.76
P4 0.28 — 0.31

P5 0.29 — 0.32

Note: hordeins fork 1, interfork, fork 2 substitute Atl 2 on some densitograms, having the re-
lative mobility near to Atl 2

In the preceding Tab. I we can compare the relative mobilities of
hordeins. The relative mobility of identified named hordein give us the
good first orientation. On the other hand it is not possible to make full
identification of individual hordeins on the base ot its relative mobility
only, because some “flowing” of the numerical values of relative mo-
bility between different gel plates and even between different samples
on the same gel plate is necessary to take into account. Approximate li-
mits of such “flowing” of numerical values of relative mobility for the
experimental conditions formerly described are given in Tab. I. So
the sequence of peaks on densitogram as well as the careful examination
and comparison of the whole “finger-prints” on densitograms of hordein-
-mixture separation-spectra are necesary for identification of individual
hordeins, too.

In such a way we can overcome the slight differences between
migration distances for the same individual protein from different
samples, e. g. for hordein Po. During such comparison we have to keep
in mind that in various types of hordeins’ natural composition the same
hordein often covers the different relative area and has the different
height of peak. So you can see on different densitograms for hordein Po
in the case of ilustrated further mixture types, e. g. the following values:
52 mm/ > 2.8 OD, 42 mm/ 0.4 OD, 54 mm/ 0.6 OD, 63 mm/ 2.2 OD etc.

Hordeins from prop to P5 belong to our main group of hordeins,

while the second main group p of hordeins starts with BO and continues
after REF through B1 further.

There are two approaches how to look for the relative content of
main hordeins: according to the height of peaks on densitograms or
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2. Densitogram of hordeins. Type 0 of Czechoslovak barley cultivar Atlas

according to the relative area. In the first case we select the characte-
ristical hordein common four types (of hordein-mixture separation-
-spectra) compared or the hordein with the highest peak. To such se-
lected peak the number 100 is given by convention. In both approaches
we are able to arrange descendently the named hordeins.

Fig. 2 — Fig. 13 show us the types of natural hordeins composition
distinguished in our material. In Tab. II relative area of hordein-peak
on model densitogram are given according to the types. Characterization
of the types of natural hordeins composition is based on hordeins of
the first main group, nevertheless also the other hordeins are mentioned
in Tab. III and IV, too. Both these tables show the named hordeins in
descendent order, Tab. III according to their relative height of peak on
densitogram, Tab. IV according to their relative area with special
attention to 10 per cent- and 5 per cent-limits. We can easily see, that
both approaches give to us generally similar but not fully identical re-
sults. The characteristical hordeins important for distinguishing the types
are underlined in Tab. III and IV. We can see that all these differential
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3. Densitogram of hordeins. Type 00 of Czechoslovak cultivar Atlas. An extraordinary
densitogram without correction for the beginning and the end of the separation gel

hordeins belong to the first main group of hordeins. These differential
hordeins are, nevertheless, not specific for some natural hordeins-com-
position type but differ quantitatively being present in various types in
different relative content. We prefer to limit us to the semiquantitative
estimation only and try to find the characteristic formulas for the types
(Tab. V) based on “finger-prints”. Further it is possible to evaluate the
types hordeins natural compositions on the base of occurrence of
common or specific characters and to make the appropriate grouping
of types, as shown in Tab. VL.

We see that all the mutant types differ from type No 0 of starting
Czechoslovak cultivars Atlas. Type No 0 has not been found in mutant
U]-5g or UJ-21a. From Tab. VI and from previous tables, too, we learn
that PO — hordein is characteristic for all mutant types but not apparent

for type No O of Atlas. Nevertheless PO — hordein is present in type
No 00 of Atlas. Type No 00 of Atlas resembles to some extend the
mutant type No 5 of mutant UJ-5g. But also in this case we can find
differences. According the height of peaks for type No 00 the middle
part of the hordeins-order is P5 > P1 >> P2 > post P3 > P3 > P4, while
for mutant type No 5 the hordeins-order is P2 > P1 > P3 > P4 > P5 > post
P3. At type No 00 the hordein interfork has not been found, while such
hordein is present at type No 5.

In Tab. VII the occurrence of types of hordeins natural composition
is given for Mi35 generation. Types NoNo 1 and 4, according to the recent
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II. Relative area (%, total) of the peak on densitograms. Data for named hordeins
based on model densitograms (see Fig. 2 — Fig. 13)

Type No.
Hordein

0 1 2 3 4 5 6 7A 7B 7C 8
ant 585 4.12 3.20 6.51 2.19 354 250 4.20 431 3.74
sub P 5.30 2.55 17.89 10.2 4.64 0.81
prop 1.04 1.97
PO 1.76 3.05 9.94 599 9.78 8.25 11.6 10.7 8.19 8.84 3.22
Atl 1 14.6 20.4 17.2 124 5.08 3.31 12.6 758 17.79 9.32 4.86
Atl 2 13.9 13.0 9.62 17.37 — — 132 10.8 8.34 114 7.66
fork 1 - — — - 482 5.23 — — — — —
interfork — — — — 1.96 — - - — -
fork 2 - - - - 6.15 10.2 — — — — —
a 2.22 6.86 2.39 17.0 . 3.26 3.67 2.97 211 5.05
P1 3.09 225 211 580 7.39 354 228 055 0.87
P2 4.62 0.67 1.68 799 741 263 501 301 194
P3 1.87 0.78 0.88 2.64 6.02 6.67 4.16 1.56
P4 0.94 0.38 354 250 4.67 7.66 3.09 0.54
P5 1.01 2.70 1.72 2.41 1.91 0.43
Pé6 2.09
sub B0 . 1.03 0.96 . 0.73 2.35 1.43 1.26
B0 . 164 209 . . 271 0658 28} 330 167 003
REF : 472 295 259 198 3.02 ; 4.00 3.49 299 4.65
Bl 3.22 3.09 284 431 399 580 2.09 0.69 091 211 5.36
sub B2 3.60
B2 237 346 3.41 483 3.00 357 1.12 1.78 1.09 3.25 4.99
B3 X " : 2.28 . 2.41 . 157 1.44
B4 252 531 391 483 430 1.16 221 255 195 4.48 6.56
B5 2.04 1.34 1.01 1.68 277 1.61 1.89 454 253 3.19
B6 5 1.83 <<3.81 S i 5 0.89 0.48 2.26 i 1.99
B7 2.99 <443 211 2.13 s % 0.85 0.86 4.76 5 3.48
B9 1.52

knowledge, are limited in their occurrence to the 21a — mutant family,
while types No 5 and 8 to the 5g — mutant family. Type No 6 seems
to be more frequent in the mutant 5g — family than in the 21a — one.
Mutant types of hordeins natural composition, that is NoNo from 1 to 8,
has not been found in starting Czechoslovak cultivar Atlas. Similarly,
Atlas types of hordeins natural composition, e. g. types NoNo 0 and 00,
has not been found in mutants UJ-5g and UJ-21a. In such a way it is
proved on the base of these hordeins’ genetic markers, that mutations
really have taken place.

From Tab. VII we can also conclude on the base of presence of
several types of hordeins’ natural composition that genetic poly-
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III. Characterization of types of hordeins composition. The first approach. Named
hordeins descendently arranged according to the relative height of peaks

Type ! Hordeins
Atlas No 0 Atl1 > Atl2 > ant
Atlas No 00 fork2 > PO > fork1 > B4 > subREF> B0 > P5> Pl1> Atll > P2
Mutants types: o
1 Atll > Atl2 > a > P0 > REF > B2 > ant
2 Atll> PO > A2 > B4 > B2 > REF > ant = subP
3 At11>E12>P0>B1>a>ant2>BZ>subP
4 a> P0> fork2 > fork 1 > Atl 1
5 fork2>_P2>—PO>fork1>Pl>Atll>Bl>P3>B2
6 Atl2 > PO > Atll > P1 > P2 > a > ant > subP
7A Atl2> P0> Atl1> P3> a> subP > P1 > P2> B2> P4 > B0 >
> REF
7B Atl2 > PO > Atll > P3 > P2 > subP > a > P4 > Pl > subP >
> a> B2> P4 > Pl > ant > REF > B4 > B0
7C Atl2 > PO > Atll > P3 > subP > P1 > P2 > ant > a> B2 >
> P4 > B4 > B5 > REF > sub B0 > B0
8 At12>§>Atll>P0>B2>B1>B4>B7>P2>P3

Note: hordeins important for distinguishing of types are emphasized

morphism takes place in both mutant families under study. We have
to remember that both mutant-families started after double individual
selection from single caryopsis in M3 generation. In Mi3 in morphologic-
ally stabilized huskless high-protein (from 123 to 129 per cent of control
Atlas) mutant families we have in such a way found genetic poly-
morphism as to hordeins. So the progeny of the same mutant is cha-
racterized by different genotypes controling the composition of protein
fraction of hordeins. It is a question if such genetic differentiation is
to be elucidated only to by-mutations originated during the short-time 3
hours’ mutagen influence or to retard-mutations in further M generations.
Larger genetic variability in Mi3 established by us recently might be
eventually a results of recombination of mutant genes in a case that
some allogamy have taken place in early M generations in connection
with the possible presence of some open flowers in these early M ge-
nerations, although the usual autogamy generally works.

Up to now the starch-electrophoresis has been used for hordeins
in Czechoslovak cultivars of barley (HyZa, Rozko$na, 1979;
HyZa, Voiika, 1980; Marek, Minafik, 1981) by means of which
17 to 19 zones are visually distinguishable. Our newly used method of
polyacrylamid gel electrophoresis with computerized evaluation of
densitograms is more sensitive, more objective and enables more de-
tailed analysis of hordeins and in such a way more detailed genetic
analysis. Special extraction mixture proposed by Bartko and used in our
study is more selective for extraction of hordeins than extraction
systems used by formerly mentioned authors, in papers of them some
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I1V. Characterization of types of hordeins composition. The second approach. Named
hordeins descendently arranged according to the relative area of their peaks. 10 per
cent and 5 per cent levels taken into account. The parts of obtained sequences and
characteristic hordeins with diagnostic value for distinguishing of types are emphasized

Relative area (per cent of total)
Type
more than 10 %, between 5 and 10 9, less than 5 9,
AtlasNoO | Atl1> Atl2> ant> subP > P2 > Bl > P1> B7>
- >~ B4> B2> a> P6
Atlas No 00 fork 2 > B4 > B0 > sub REF > P5 >
> PO > ~ subP > fork 1 > P1
Mutants types: |
1 Atl 1 > Atl 2 > az B4 REF > ant
2  Adl> PO> Atl2> R4
3 Atdl> Atl2> PO > L1
4 as PO > fork 2 >
- > Atll> fork 1
5 ‘ fork 2 = PO> P2> Pl =
? = Bl > fork 1
5 | Atd2> Atll> PO> P2 =PI
7A Atl 2 = PO - subP > At 1 > P4> REF> a >
o ~ P3> B0 > > subB 2> Pl
| 7B subP = Atl 2 = PO >
f = Atll > P4 >
> P3> P2
7C | Al 2~ Atl1> PO > subP* > B4+ > P3 >
i > B2> P4 = P2 =
= REF
8 Atl2 > B4+ > Bl > B2 s Atll >
‘[ >a> > REF+ > B7 > PO

* — hordein not clearly separated, so the real value of relative area of its own peak ought to be less
and position of hordein more to the right than given in the table

risk for presence of other protein non-hordein zones remains. For this
reason and generally for the large difference between their starch gel
electrophoresis and our polyacrylamid gel electrophoresis it is not
possible to compare their zones and our hordein-peaks.

Possible range of hereditarily dependent changes induced by muta-
genesis is very interesting from point of view of biochemical genetics.
Uhlik, Burianova (1983),Uhlik, Marek (1986) have described
the changes in binded amino acids composition of storage proteins in
barley caryopsis achieved by mutagenesis and they have shown the
large possible extent of such changes of amino acid composition of crude
protein. Recently we are able to emphasize also the changes in specific
barley prolamines, that is hordeins, achieved by mutagenesis.
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V. Formulas of hordein composition types hased on “finger-prints” of the first main
group of proteins (hordeins)

Type

Hordeins formula

Atlas type O
Atlas type 00
Mutants types:

Atll > Atl 2
fork 2 > PO > fork 1 > P5

Atll> All2> a> PO
At 1> PO> At 2

At 1> At 2> PO

a> PO > fork 2 > fork 1 > Atl 1

fork 2> P2 > PO > fork 1 > P1 > Atl 1
Atl2> PO > Atl 1> P1> P2

Atl2> PO > Atl 1 > lg;\ a

Atl2> PO > Atll > P3> P2

Atl2 > PO > Atll1 > P3 > subP > P1
At2>a> Adl> PO o

VI. Evaluation of types of natural hordein composition on the base of occurrence
of common and specific semiquantitative character inside the first main group of
hordein- peaks from densitograms. Comparison with 'Atlas’ type 0.

|

Atl 1 reduced,
Atl 2 substituted
by two hordeins
fork 2, fork 1

tl 1 remains,

A
Atl 2 reduced

Atl 2 remains,

Atl 1 slightly reduced

|
i

Characteristic l a | fork2 | fork2
hordein prevailing \ = 5
Characteristic | a PO PO | PO P2 PO | PO PO a
hordein apparent, | o 55 B
but not prevailing | PO I fork 2 Po fork 1
(in descendent i fork1 | fork1 | P5 P1 P3 PO
order) | — — -
t P1
r 5 — |
Natural hordein ‘ ’
composition |
type No. 1 2 3 i 4 5 00 6 7 8
VII. Occurrence of natural hordein composition types in Mi3 generation
Natural hordein composition type No.
Mutant
1 2 3 4 5 6 7A 7B 7C 8
UJ-5g + +4++ + 4 + }-
UJ-21a - I ol e + + f +
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Smés hordeint z obilek ¢eskoslovenské odrudy jarniho je¢mene Atlas a Mi3 generace
potomstva jeho mutantli byla oddélena extrakci a délena elektroforézou na poly-
akrylamidovém gelu, kvantitativné hodnocena pocitacové rizenou a vyhodnoco-
vanou densitometrii. Tato metoda je ziejmé uc¢innejsi pro semikvantitativni hodno-
ceni nové pojmenovanych individualnich hordeintt nez dosud provadéné subjektiv-
né hodnocené metody $krobové elektroforézy. Pro rozliseni typu hordeinovych spek-
ter byly jako genetické markery uzity hordeiny prvni hlavni skupiny. Takto byl
prokazan geneticky polymorfismus v potomstvu (v pokroc¢ilé Mis generaci) vysoko-
bilkovinnych bezpluchych morfologicky stabilizovanych mutantt pochazejicich z in-
dividualnich rostlin M3 generace. Jako mozné pii¢iny tohoto genetického polymor-
fismu jsou uvazovany nejen vicenasobné soucasné i nasledné mutace, ale i vyskyt
otevirenych kvétt v ¢asnych generacich mutanti, ktery by eventualné mohl ohrozit
jinak béZnou autogamii.

hordeiny; vysokobilkovinni bezplusi mutanti; dvourady jarni je¢men; ceskoslovensti
mutanti je¢mene; genetické markery; geneticky polymorfismus biochemickych zna-
ku; Hordeum; negativni korelace relativniho obsahu lyzinu v bilkovinach a hrubych
bilkovin v sus§iné; individualni vybér v M2 a Ms generacich; potomstvo mutantt
Mis
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MOH3PT, M. — YINKK, SA. (Yexocnoeaukoe Guoxumuueckoe obuwectso, lpara, Cenbcko-
XO3AMCTBEHHbI WHCTUTYT, Mpara): MNeHeTUUeCKkUH NOAMMOPM3M B NOTOMCTBE BbICOKOGe -
KOBbIX FCMI03€PHOBKOBbIX MYT@HTOB SIUMEHS§ YCTAaHOBMEHHLI C NOMOLLLIO aHanu3a ropaevHos.
Genet. a Slecht., 25, 1989 (3) : 191-207.

AHanu3 ropAevHOB M3 3EPHOBOK sPOBOro AUMEHs uexocnopaukoro kynbtusapa Atlas v no-
KoneHus M13 ero MyTaHTOB OCYWECTB/NEH C NOMOLLbIO CENeKTUBHOW 3KCTPaKUWW W 3NEKTPO-
dopesa Ha nonuakpbinamumgHom rene. lMocne ckpawuvBaHWs NpoBOAMNacb aBTOMaTU3UPO-
BaHHasg fgeH3UTOMeTpus ¢ nomouwsbio DBM. Takon MeTos Gonee 3dhpekKTUBEH U HajgexeH
AN MAEHTUMDUKAUMKW M NONYKONWUECTBEHHOW OLEHKU BHOBb 06O3Hauaembix WHAWBUAYalb-
HbIX ropAeWHoB. [lns XxapakTepu3auMu TUNOB rOpP/AEUHOBbLIX CNEKTPOB NPUMEHEHblI ropAeHUHbI
NnepBOK OCHOBHOW rpynnbl. TakuM 06pa3oM BbISBNEH TEHETUUECKUA NONUMOPHOU3IM B MY-
TaHTHbIX CEMbAX nOkoneHus Mi3 BbIBEAEHHbIX M3 WHAMBMAYaNbHbIX pacTeHuin M3 nokone-
Hus. Cneagyer o6paTUTb BHMUMaHWe, UTO 3TU MYTaHTHbIE CEMbW rOMOT€HHbl C TOUKW 3peHus
MOpPMONOrMyecknx MPU3HaKoB M NOBbILLEHHOro CogepxaHus rpyboro 6enka, HoO NONMMOPMHbI
C TOUKM 3pEHUs TUNOB COCTaBa ECTECTBEHHbIX cmecei ropgeuHos. O6cyxaaloTca BO3-
MOXHble NPUUUHbBI FEHETUUECKOro NonMMopdu3Ma B NOTOMCTBE MYTaHTOB.

ropAevHbl; BbICOKOGENKOBble rONO3EPHOBKOBbIE MYTaHTbl; ABYPAAHbIA SPOBON SUMEHb; ye-
XOCNOBaUKWe MyTaHTbl SIUMEHS; TEHETUUECKWEe MapKepbl; FeHETUUECKUI OMOXMMHUECKHIA
nonumopdusm; Hordeum; oTpuuaTenbHasi KOppensiuMs COAEpXaHWs NU3WHa M obuero co-
AepXxaHWs GEeNKoB B 3E€PHOBKE M C/yuyaid NPEOAONEHUS ITONW OTPULATENLHON KOPPensuuw;
MHAMBUAYanbHas cenekuus B M2 u M3 reHepayusx; Mi3 reHepauus

PONERT, J. — UHLIK, J. (Tschechoslowakische biochemische Gesellschaft, Praha;
Landwirtschaftliche Hochschule, Praha): Nachweis des genetischen Polymorphismus
in der Nachkommenschaft der spelzenlosen Hochprotein-Gerstenmutanten mit Hilfe
von Hordeinspektren. Genet. a Slecht., 25, 1989 (3) : 191-207

Ein Gemisch von Hordeinen aus Karyopsen der tschechoslowakischen Sommerger-
stensorte Atlas und des Mis-Generation der Nachkommenschaft ihrer Mutanten
wurde auf dem Wege der Extraktion getrennt und mit Hilfe der Elektrophorese auf
Polyakrylamidgel geteilt und mittels der rechnergestiitzten und -ausgewerteten
Densitometrie auch quantitativ bewertet. Diese Methode scheint wirksamer und
glinstiger fiir die semiquantitative Bewertung der neu benannten individuellen Hor-
deine als die bisher angewendeten und subjektiv bewerteten Methoden der Stédrke-
elektrophorese zu sein. Zur Unterscheidung der Typen der Hordeinspektren wurden
als genetische Tracer Hordeine der ersten Hauptgruppe herangezogen. Auf diese Art
und Weise konnte der genetische Polymorphismus in der Nachkommenschaft (in der
fortgeschrittenen Mis-Generation) der spelzenlosen morphologisch stabilisierten Hoch-
proteinmutanten aus individuellen Pflanzen der Mis-Generation nachgewiesen
werden. Als mogliche Ursachen flir den genetischen Polymorphismus kommen nicht
nur die mehrfachen gleichzeitigen und nachfolgenden Mutationen aber auch das
Auftreten der gedffneten Bliiten in frithen Generationen der Mutanten, das die sonst
tibliche Autogamie gefihrden konnte, in Frage.

Hordeine; spelzenlose Hochproteinmutanten; zweireihige Sommergerste; tschecho-
slowakische Gerstenmutanten; genetische Tracer; genetischer Polymorphismus der
biochemischen Merkmale; Hordeum; negative Korrelation des relativen Lysinge-
haltes in Proteinen und Rohproteinen in der Trockensubstanz: individuelle Auswahl
in den M:2- und Ms-Generationen; Nachkommenschaft der Mi3-Mutanten
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TRANSFER OF A NEW GENE FOR STEM RUST RESISTANCE FROM
TRITICUM MONOCOCCUM L. TO HEXAPLOID WHEAT, T. AESTIVUM L.

J. Valkoun, D. Kuéerova, P. Bartos

VALKOUN, J. — KUCEROVA, D. — BARTOS, P. (Research Institute of Crop
Production, Praha-Ruzyné): Transfer of a New Gene for Stem Rust Resistance
from Triticum wmonococcum L. to Hexaploid Wheat, T. aestivum L. Genet.
a Slecht., 24, 1989 (3) : 209-214

A gene for wheat stem rust resistance, designated tentatively as St T'mz, has
been transferred from diploid wheat T. monococcum, accession 1509/2, to
hexaploid wheat T. aestivum cv. ‘Zlatka’. A simplified indirect method,
involving a single bridging cross with tetraploid wheat T. durum 3310, a single
backcross to T. aestivum, and a limited number of generations with cytological
or/and disease tests, was employed in the gene transfer. Sr Tmz gives only
partial protection against the Czechoslovak population of P. graminis f. sp.
tritici, because it is ineffective to isolates of physiological race 11 but the
gene may be valuable in some combinations with other resistance genes.

Triticum monococcum L.; Triticum aestivum L.; Puccinia graminis; stem rust
resistance; resistance gene transfer; wide crosses

High resistance of cultivated einkorn wheat, Triticum monococcum
L., to main foliar diseases of wheat has been reported by a number
of authors. Vavilov suggested to use this diploid species in resistance
breeding of hexaploid common wheat, Triticum aestivum L. already in
the year 1913 (Vavilov, 1913 — cit. Vavilov, 1964). The use of the
direct hybrids of T. aestivurn X T. monococcum in gene transfer has
not been successful owing to lethality or severe growth and develop-
mental defects of the F1 hybrids (The, Baker, 1975). This difficulty
can be overcome by indirect “bridging” method where T. monococcum
is first crossed to tetraploid wheat and the resultant autosterile triploid
F1 hybrid is either pollinated with 7. aestivum directly or backcrossed
to the tetraploid parent and the derivatives of the backcross are then
pollinated with hexaploid wheat. In the last two decades both methods
were successfully employed in transference of resistance genes from
the diploid donor to hexaploid wheat (Kerber, Dyck, 1973; The,
1973; Mc Intosh et al., 1984; Valkoun et al.,, 1985; 1986a, b).
Three genes for resistance to wheat stem rust have been transferred —
Sr 21 (The, 1973), Sr 22 (Kerber, Dyck, 1973; The, 1973) and
Sr 35 (Mc Intosh et al, 1984; Valkoun et al., 1985, 1986b).
Valkoun and Barto§ (1981) distinguished two additional stem
rust resistance genes in diploid wheats according to reactions to several
isolates of the pathogen. Genetic analysis at the diploid level has
revealed that one of the genes, tentatively designated as Sr Tm2 is
present in T. monococcum accession 1509 and segregates as a single
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dominant Mendelian factor in a cross with the susceptible T. mono-
coccum accession 1557 (Valkoun et al., 1983).

The present paper describes the transfer of this gene from diploid
donor to hexaploid wheat.

MATERIALS AND METHODS

Selfed ear progeny 1509/2, which had uniform reaction to all the stem rust
isolates tested, served as a donor of Sr Tmz in the initial cross with susceptible
tetraploid wheat, Triticum durum Def. accesion 3310. Both 7T. monococcum 1509
and T. durum 3310 were obtained from wheat collection of the Zentralinstitut fiir
Genetic und Kulturpflanzenforschung, Gatersleben, GDR, by courtesy of Dr. Ch.
Lehmann.

The triploid Fi1 hybrid “bridge” was crossed to the susceptible Czechoslovak
spring wheat cultivar Zlatka (T'riticum aestivum L.). After a single backcross to
the hexaploid parent cv- Zlatka, resistant plants were selected and selfed. The
most fertile and homozygous resistant plants were identified in the progeny on
the basis of spike fertility and plant progeny testing. Further individual selection
was applied to the non-segregating offsprings. The most important selection criteria
were the spike fertility and phenotypical resemblance to T. aestivum. Isolate G 702
belonging to physiological race 14 of wheat stem rust, Puccinia graminis f. sp. tri-
tici Eriks. et Henn., was used for disease resistance tests from the initial steps of
the wide hybridization programme up to the selfed progeny of the first backcross
to T. aestivum (S1BCi generation). The disease tests were carried out in the green-
house at the seedling stage by a method described earlier for wheat leaf rust
(Valkoun et al., 1986a).

After several generations grown in the field, morphologically uniform hexa-
ploid T. aestivum lines were selected, resistant to several isolates of stem rust.
Comparison of reactions to a set of stem rust isolates (Valkoun, Bartos,
1981) was employed for postulation of the genetic basis in the wheat lines tester.

Somatic chromosome counts were made by a standard procedure (Valkoun
et al., 1986a).

RESULTS AND DISCUSSION

The course of the transfer of stem rust resistance from diploid
donor T. monococcum 1509/2 to the hexaploid level is presented in
Fig. 1. The scheme of crossing and the generation sequence including
resistance and cytological testes differ from those involved in the
transfers of resistance genes Lr Tmi and Sr 35 (Valkoun et al,
1986a, b) in several aspects:

a) the triploid Fi hybrid is pollinated directly with T. aestivum

b) there is only a single backcross with T. aestivum

c) resistance tests are limited to initial generations up to SiBCi

d) cytological control is made only in Fi, BC1 and S3BCi.

At the beginning of the year 1987, reactions of six Ss5BCi lines and
a single S4BCi line were analyzed by means of six tester isolates of
P. graminis which had been used earlier for identification of stem rust
resistance genes in diploid wheats (Valkoun, Bartos§, 1981). The
results are shown in Tab. I.

Line TME-6-1-1-3 is heterogenous in its reaction to stem rust isol-
ates G69, G702 and G605 owing to segregation in a single dominant
resistance gene. Its descendant, line TME 6-1-1-3-2, and the related line
TME 6-1-1-19-1, display uniform reaction to all the isolates, i.e. they
are homozygous in the transferred resistance. Susceptibility of these
lines to isolate G425 indicates that they do not posses Sr 21, a gene
for resistance to stem rust in diploid wheat Einkorn 1,3 (The, 1973).
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Year

1978

1979

1980

1981

1982

1983

1984

1985

1986

Te.durum 3310 bs T.mpm‘)coccumL 1509/2
28/ /14/
F X T.aestivum‘zlatka

1 ;
1211 A{//////////’/’ 1621

Te aestivumyzlatka
136/ 142/

n
x

BC1
139/

|

S1BC1

/TME 6/

SZBC1

/TME 6~1/

S3Bc1

/THE 6=1=-1/
142/

/\.

SI.BC1 548C1

/TME 6=1-1=3/ /TME 6-1-1-19/

1

SSBC1 SSBC1
/TME 6=-1-1=3-2/ /TME 6~1=1=19~1/

* Chromosome numbers or/an‘d Line designations in brackets

1. Crossing and generation sequence involved in the transfer of stem rust resistance

Gene Sr 21 is most probably also present in T. monococcum 1509/2, in
addition to Sr Tm2 (Valkoun et al., 1983).

From comparison of the disease reaction pattern of the hexaploid
lines TME 6-1-1-3-2 and TME 6-1-1-19-1 with reactions characteristic
for particular Sr genes in diploid wheats (Tab. II) it is obvious, that
both the lines carry a single T. monococcum resistance gene, Sr T'ma,
derived from the diploid donor T. monoccoccum 1509/20 without any
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I. Reaction of T. monococcum Einkorn 1,3 and hexaploid lines derived from T. mo-
nococcum to six isolates of P. graminis

Isolate
Line
G69 G702 G530 G425 G802 G705
TME 6-1-1-3 ;1/3 ;1/3 3 3 3 i1/3
TME 6-1-1-3-2 31 51 3 3 3 51
TME 6-1-1-19-1 51 ;1 3 3 3 ;1
TME 6-1-1-23-1 31/3 51/3 3 3 3 51/3
TME 8-2-1-1-1 , ;13 s1/3 3 3 3 i1/3
Einkorn 1.3 31-2 3 3 31-2 3 3

II. Comparison of reactions of two TME lines with reaction patterns characteristic
of the particular Sr gene in diploid wheats*

Isolate
Genotype
G69 G702 G530 G425 G802 G605
TME 6-1-1-3-2 R R S S S R
TME 6-1-1-19-1 R R S S S R
Sr21 R S S R S S
Sr 22 R R R S S R
Sr 35 (= Sr Tmi) R R R R R S
Sr Tme R R S S S R
Sr Tms R S S R R R
0 S S S S S S

* the characteristic reaction patterns were derived from earlier results (Valkoun und Bartos,
1981)

R = resistant reaction S = susceptible reaction

combination with other genes for stem rust resistance derived from
diploid wheats.

It may be concluded that a fourth gene for resistance to P. gra-
minis f.sp. tritici, designated tentatively as Sr T'm2, has been success-
fully transferred from diploid wheats to hexaploid wheat, T. aestivum
cv. Zlatka. Results of preliminary yield trials demonstrate a compar-
atively good agronomic performance of TME 6-1-1, the parental line of
both the hexaploid derivatives with Sr T'mgz. This line even exceeds in
yield its hexaploid progenitor cv. Zlatka.

However, the gene Sr T'm:2 ineffective to some races which are
common in the Czechoslovak population of wheat stem rust, especially
the isolates belonging to physiological race 11. If this gene is to be used
in the Czechoslovak wheat breeding programmes, it should be combined
with gene(s) that confers resistance to those virulent races. For
example, combination with another 7. monococcum gene, Sr 35, would
protect against all Czechoslovak stem rust isolates. Effectiveness of
particular resistance genes may be different in various geographical
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2, Seedling reactions to isolate G702 of P. graminis f. sp.

tritici

1 — T. monococcum 1509/2, 2n = 14

2 — T. durum 3310, 2n = 28

3 — T. aestivum cv. Zlatka, 2n = 42

4 — TME 6-1-1, resistant derivative of the cv. Zlatka,
2n = 42 (S3BCi1 generation)

regions, e.g. Mc Intosh et al. (1984) found
a low effectiveness of Sr 35 on the Australian
population of the pathogen. However, the same
gene is very valuable for Czechoslovakia, giving
protection against all contemporary isolates of
P. graminis f.sp. tritici (Valkoun et al.,
1986b). In the case of Sr Tm2 the situation may
be just opposite.

The simplified method employed in the
transfer of Sr Tmz from T. moOnococcum to
hexaploid wheat proved to be as efficient as
those used for genetic transfer of other T. mono-
coccum genes, Lr Tmi1 and Sr 35 (Valkoun
et al., 1986a, b), but the latter were more
laborious.

The level of resistance expressed by infect-
ion types decreased slightly in hexaploid derivatives in comparison to
the diploid donor of Sr Tm2 (Fig. 2). A similar effect was observed in
other diploid wheat genes, Sr 22 and Lr Tmi, transferred into hexaploid
genetic background (Kerber, Dyck, 1973; Valkoun et al., 1986a).
The four genes for resistance to wheat stem rust, Sr 21, Sr 22, Sr 35,
and Sr Tmg, derived from T. monocOccum contribute to the enrichment
of T. aestivum gene pool. Thus, in agreement with Vavilov’s suggestion,
the cultivated einkorn wheat is becoming an important source of genes
which may be directly exploited in disease resistance breeding of
common wheat.
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VALKOUN, J. — KUCEROVA, D. — BARTOS, P. (Vyzkumny ustav rostlinné vy-
roby, Praha-Ruzyné): Pfenos nového genu odolnosti ke rzi travni z Triticum mo-
nococeum L. do hexpoidni psenice, T. aestivum L. Genet. a Slecht., 25, 1989 (3) :
:209-214

Byl prenesen gen odolnosti ke rzi travni, predbézné oznaceny jako Sr Tme, z di-
ploidni pSenice T. monococcum 1509/2 do hexaploidni pSenice T. aestivum odrudy
'Zlatka’. Pro prenos tohoto genu bylo pouzito zjednodu$ené metody — neprimé,
ktera zahrnovala jedno ,mustkové® krizeni s tetraploidni p$enici T. durum, jedno
zpétné Kkrizeni s T. aestivum a omezeny pocet generaci s cytologickou kontrolou
a nebo infekénimi testy. Gen Sr Tm:z poskytuje pouze c¢astecnou ochranu k c¢esko-
slovenské populaci P. graminis f. sp. tritici, protoZe je neuc¢inny k izolatim fyzio-
logické rasy 11, ale muZze byt cenny v nékterych kombinacich s jinymi geny re-
zistence, )

Triticum monococcum L.; Triticum aestivum L.; Puccinia graminis; odolnost ke
rzi travni; prenos rezistence; vzdalena hybridizace

BANKOYH, A. — KYYEPOBA, A. — BAPTOLL, . (HayuHo-uccneaoBaTenbCKUii MHCTUTYT
pacteHueBoacTBa, [lpara-PysbiHe): llepecagka HOBOro reHa YCTOWUMBOCTM K NUHENHHOMN
pxaBuuHe wu3 Triticum monococcum L. Ha rekcannovguyiw nwenuyy, T. aestivum L.
Genet. a Slecht., 25, 1989 (3) : 209-214.

YNoMmsaHyTbii reH, o603HaueHHbin kak Sr Tm2 nepecaxusanu C AUMNNOUMAHOW NUIEHWUbI
T. monococcum 1509/2 Ha rekcannougHyio T. aestivum copta ‘3natka’. [onb3osBanuch
YNpOWEeHHbIM METOAOM — KOCBEHHbIM, KOTOPbIA BKAOUAan OAHO «MOCTKOBOE» CKpelMuBa-
Hue c TetpannougHon T. durum, oaHo o6patHoe ¢ T. aestivum HeECKONbKO MOKONEHW
C UMTOKOHTPONEM WUAU MHMEKUMOHHbIMKM TecTamu. Men Sr Tma obecneuMBaeT NULWbL YaCTUU-
HYl0 3auwuty ucn. nonynsuuu P. graminis f. sp. tritici, T.k. He BO34EUCTBYET Ha W30NATbI
duanon. pacol 11. OgHakKo OH MOXET 6biTb LEHHbIM B HEKOTOPbIX KOMOUHAUMAX C APYrUMHU
reHamuy yCToWYMBOCTH.

Triticum monococcum L.; Triticum aestivum L.; Puccinia graminis; yCTORUMBOCTb
K NMMHENHON PXaBUMHE; NEPEHOC YCTOWUMBOCTH; OTAaNeHHas rubpuamsayms

VALKOUN, J. — KUCEROVA, D. — BARTOS, P. (Forschungsinstitut fiir Pflanzen-
produktion, Praha-Ruzyné): Ubertragung des meuen Schwarzrostresistenzgens vom
Triticum monococcum L. in den hexaploiden Weizen T. aestivum L. Genet. a Slecht.,
25, 1989 (3) :209-214

Es wurde das Schwarzrostresistenzgen Sr Tmz vom diploiden Weizen T. mono-
coccum 1509/2 in den hexaploiden Weizen T. aestivum der Sorte Zlatka iibertragen.
Zur Ubertragung dieses Gens wurde eine vereinfachte, indirekte Methode herange-
zogen, die eine ,Briickenkreuzung® mit dem tetraploiden Weizen T. durum, eine
Riickkreuzung mit dem T. aestivum und eine begrenzte Zahl der Generationen mit
Zytologischer Kontrolle oder mit Infektionstests umfasst. Das Gen Sr Tm2 bietet
nur einen teilweisen Schutz gegen die tschechoslowakische Population von P. gra-
minis f. sp. tritici, da es gegeniiber den Isolaten der physiologischen Rasse 11
unwirksam ist. In einigen Kombinationen mit anderen Resistenzgenen kann es
aber wertvoll sein.

Triticum monococcum L.; Triticum aestivum L.; Puccinia graminis; Schwarzrost-
resistenz; Resistenziibertragung; entfernte Hybridisation
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EFFECT OF DIFFERENT GROWTH SUBSTANCES ON CALLUS
INDUCTION AND MORPHOGENESIS OF SUGAR BEET IN VITRO

J. Farago, 1. Seman

FARAGO, J. — SEMAN, I. (Research and Breeding Institute for Seed Root Crops
and Technical Crops, Buc¢any): Effect of Different Growth Substances on Callus
Induction and Morphogenesis of Sugar Beet in vitro. Genet. a Slecht, 25, 1989
(3) :215-222.

Experiments were carried out to study the influence of seven growth substan-
ces on sugar beet explants grown in vitro. Effects of these substances on callus
induction, rhizogenesis and organogenesis in two clones of sugar beet and their
dependence on the explant type were evaluated. Callus induction was most
intensive on the Murashige-Skoog medium with 24-D, added at a concentrat-
ion of 0.1 — 0.3 mg/l; the best results in rhizcgenesis were observed on media
with TAA in concentrations of 0.1 — 10.0 mgl, and on NAA and IBA con-

centration of 3.0 — 10.0 mg/l. Shoot formation was low. 7 — 299/, explants re-
generated on a medium with BAP; all concentrations used were effective (0.1 —
— 10.0 mg/l).

sugar beet:; in vitro culture: callus induction: rhizogenesis; organogenesis

Sugar beet belongs to important agricultural cultures. Owing to the
great size of its plants and some biological peculiarities, it does not
belong to typical model species. That is why not much information deal-
ing with cultivation of tissues and organs of sugar beet in vitro can be
found in literature. Available results are often inconsistent, sometimes
even contradictory.

In our research we concentrated on the study of reaction of
different explant types of sugar beet on growth substances most
commonly used in explant cultures. The following types of processes
were studied: callus induction, rhizogenesis and organogenesis.

MATERIALS AND METHODS

Two genetically different clones of sugar beet grown in vitro for 5 years, de-
signated DA'3 and L 4/1 were used. Clone DA '3 descends from diploid pollen-ferti-
le polygerm plant, clone L 4/1 was derived from a diploid pollen-sterile monogerm
plant. Three sorts of explants were chosen: shoot tip, segments of leaf blade, and
segments of leaf stalk, 5 mm each. Basic medium by Murashige and Skoog
(1962) was used for cultivation and it was supplementied with ene of the following
growth substances: 6-benzylaminopurine (BAP), kinetin (KIN), indole-3-butyric acid
(IBA), indole-3-acetic acid (IAA). x-naphtaleneacetic acid (NAA), 2.4-dichlorphenoxy-
acetic acid (2,4-D) and gibberelic acid (GAs3). Each growth substance was used in
five concentrations (mg/1): 0.1, 0.3, 1.0, 3.0 and 10-0. Explants were cultivated in the
dark at a temperature of 20 = 2 °C., Experiments were evaluated after 25, 50 and 100
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days of cultivation. Occurrence and intensity of callus induction and two types of
morphogenesis — rhizogenesis and organogenesis — were evaluated in each explant.
Intensity of each type of morphogenesis and callus induction was visually evaluated
as follows: — no response; -~ low intensity; ++ medium intensity; 4+-- high in-
tensity.

Relative frequency of occurrence of individual types of morphogenesis and cal-
lus induction was calculated out of the total number of explants in each treatment.

RESULTS

The results of our experiments are summarized in two tables and
one figure. In total, 504 explants were planted (including 14 explants
of the control treatment) from each clone. Great differences were found
in reaction of explants of these clones to cultivation conditions created
in the experiments. After 100 days of cultivation. clone L 4/1 had higher
values concerning explants necrosis — 41.3% (DA/3 —9.9% ), and callus
forming explant rate — 35.3% (DA/3 — 30.1%). On the other hand,
lower values were obtained in root formation — 22.2%, and in regener-
ation of shoots — 3.0% in clone L 4/1 (58.5, and 4.8% in clone DA/3).

Dependence of frequency and intensity of callus induction and
morphogenetic reaction of sugar beet explants on the concentration
of individual growth substances in the medium can be found in Tab. I.
The highest callus formation with the most intensive callus growth was
found on media with 2,4-D. The most intensive formation and growth
of callus was observed on media with a low 2,4-D concentration (0.1 and
0.3 mg/l). Callus was homogeneous, friable, white to yellowish. Re-
latively high callus formation was observed also on media with BAP,
especially in clone L 4/1. But in this case, as also in other variants, the
majority of calluses were compact, nonhomogeneous, turning brown.
Lighter clusters not forming differentiated structures were observed in
the basic mass. Callus induction was caused by each of other growth
substances, though in a small degree.

The best results in rhizogenesis were obtained on media with [AA.
High percentage of root formation was observed in all five concentrat-
ions: 86—100 % in clone DA/3 and 50—79 % in L 4/1. Good results
were observed also on media with NAA and IBA in higher concentrations.
All the roots studied grew from the cut area of the explants.

Formation of shoots was relatively more profuse only on medium
with BAP (7—29 % of explants). On other media it was sporadic. inci-
dental, without any regularity. New shoots were formed on the rib
of the leaf stalk, not on the cut area. Endogeneous growth substances
have a positive influence on the shoot formation, too. It results from
the fact that 93.7 % of all shoots regenerated de novo in our experi-
ments were found on tissues of the shoot tip, having an active apical
meristem. These shoots arose from residues of the leaf stalks of shoot
tip explants.

By comparison of formation frequency of callus, roots and shoots
in individual explants types, differences were found in morphogenetic
reaction and callus induction upon the provided conditions of cultivat-
ion, as shown in Tab. II. While the differences were smaller in callus
induction and rhizogenesis, the use of shoot tip showed to be unam-
bigously most suitable for induction of organogenesis. In spite of
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II. Percentage comparison of morphogenetic reaction and callus formation of indi-
vidual types of explants after 100 days of cultivation (totally 216 explants of each

clone were evaluated)

Used explants
Type of reaction '
of explants Clone growing petiole leaf blade Average
tip segment segment
Callus induction DA/3 30.5 33.3 23.6 29.2
L 4/1 36.1 23.6 16.7 25.5
Rhizogenesis DA/3 45.8 56.9 62.5 55.1
L 4/1 8.3 9.7 11.1 9.7
Organogenesis DA/3 23.6 1.4 0 8.3
L 4/1 18.0 1.4 0 6.5
Y|
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x — days of cultivation &257
y — percentage of ex- ©
plants forming callus,
roots or shoots — 5 — :
(J — clone DA/'3 - 25 S0 100 25 50 100 25 50 1bo ¥
Shoot tip Petiole segment Leaf blade segment

] — clone L 4/1

1. Comparison of frequency of callus induction, rhizogenesis and organogenesis in
three explant types after 25, 50 and 100 days of cultivation
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smaller differences in calogenetic and rhizogenetic abilities of individual
explant types, callus was tormed more often on the basis of shoot tips,
while rhizogenesis was more intensive on segments of leaf blades.

Another interesting fact is that no great differences between the
two clones used were found in callus induction and organogenesis, in
contrast to rhizogenesis where large differences in the root formation
were caused by genotype (Tab. 2). This result corresponds with our
experience concerning the rooting of shoots of different sugar beet
clones, maintalned in vitro at our institute with differences practically
from 0—100 %.

The dynamics of callus induction, rhizogenesis and organogenesis
in both clones used and three explant types can be seen in Fig. 1.

Explants in the control treatment (14 from both DA/3 and L 4/1
clones), grown on medium without growth substances, lived through
the whole period evaluated. No signs of callus and shoot formation
were observed there. Root formation could be observed in 42.8 % of
explants in clone DA/3, and no rhisogenesis in clone L 4/1.

DISCUSSION

Our experiments were carried out on explants isolated from two
well growing, genetically different clones, cultivated in vitro for 5 years.
No surface sterilization had to be done. Other authors worked either
with surface sterilized explants, or with aseptically germinating plants.

In general, it is possible to say that callus and/or root formation
in sugar beet can be induced without any difficulties. We found, and
so did Greef (1978), that homogeneous and friable callus can be
obtained only on media with 2,4-D. Callus formation can be induced
on media with different composition. In our experiments the best callus
formation was reached on medium with 2,4-D (0.1 and 0.3 mg/l). In-
gram and Joachim (1971) used medium with 6.0 mg/l 2,4-D +
+ 0.1 mg/l NAA first, later with combination of 2,4-D 6.0 mg/l + KIN
1.5 mg/l. Greef (1978) used second combination with a low concentr-
ation of 0.1 mg/l 2,4-D + 0.1 mg/1 KIN. On the other hand, Read (1977)
observed good callus growth on medium with addition of 0.2 mg/l 2,4-D,
but also on medium without growth substances. But Rogozinska
and Goska (1983) used again high concentrations of growth sub-
stances; the combination of 5.0 mg/l NAA + 5.0 mg/l1 BAP caused callus
formation in 88 % of cotyledons.

Root formation was observed on media with each growth sub-
stance used. IAA caused the highest percentage of root formation but
on these media the roots were the first to die away. For rhizogenesis
induction IBA and NAA in concentrations of 3.0—10.0 mg/l can be
recommended. We have unpublished results with micropropagation of
sugar beet haploids where a part of haploid clones is better rooted on
media with NAA and another part on media with IBA. Rogozinska
and Goska (1976) mention the growth substances 2.0 mg/l BAP +
+ 5.0 mg/l NAA which proved optimal for callus growth but also for
the formation of roots from anthers. Greef (1978) described the best
root formation on a medium with 4.0 mg/l TAA + 1.0 mg/l1 BAP, while
Mohammad and Collin (1979) observed high root and shoot
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formation on a medium with 1.0 mg/l KIN + 0.05 mg/l 2,4-D. The root
induction in our experiments on a medium with 2,4-D (0.1, 0.3 mg/l)
was observed after a longer period of cultivation. This phenomenon
was probably caused by a gradual reduction of 2,4-D from the medium.

The de novo regeneration of shoots in sugar beet is very problematic.
It is deeply influenced by the plant genotype, the medium used, and
cultivation conditions. According to Il1’enko (1983), nutrient media
are a very important factor in regeneration of shoots. Another significant
factor influencing shoot formation is the type of plant tissue. We ob-
tained all regenerants from leaf stalks, regeneration from callus and
leaf blade was not successful. Similarly, Slavova et al. (1982)
mentions the greatest ability of direct organogenesis from leaf stalks.
Miedema (1982) obtained regeneration of shoots from the basis
of flower bud, Rogozinska and Goska (1983) from cotyledons.

Unlike callus induction and rhizogenesis which can be achieved
with different growth substances, regeneration of shoots de novo in
our experiments, as in experiments pecrformed by other authors, was
induced by BAP. According to Saunders and Mahoney (1981),
shoots on leaves of young plants growing in a greenhouse were induced
by spraying the plants with a BAP solution. 6-benzylaminopurine has an
exceptional position among the seven growth substances tested, because
it was the only substance that induced in a relatively high percentage
calogenesis, rhizogenesis and de novo shoot formation at the same time.

Based upon our results and literary data, callus induction and rhizo-
genesis in vitro in sugar beet has been experimentally solved. Regener-
ation of shoots de novo, especially regeneration from callus, remains
problematic. Attention should be focused on this field, because it is the
first-rate prerequisite for the implementation of the latest biotechno-
logical methods in sugar beet selection.
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FARAGO, J. — SEMAN, I. (Vyskumny a S$fachtitelsky tustav semennych okopanin
a priemyselnych plodin, Buéany): Vplyv réznych rastovych ldtok ma morfogenézu
repy in vitro. Genet. a Slecht., 25, 1989 (3) : 215-222.

Byly provedeny pokusy s vlivem sedmi rustovych latek na explantaty cukrovky in
vitro. Hodnotily se uéinky téchto latek na kalogenézu, rizogenézu a organogenézu
u dvou klonu cukrovky a jejich zavislosti od typu explantatu. Kalogenéza byla nej-
silnéjsi na médiu Murashige-Skoog s pridavkem 24-D v koncentraci 0,1 — 0,3 mg/l,
nejlepsi vysledky v rizogenéze byly zaznamenany na médiich s TAA v koncentra-
cich 0,1—10,0 mg/l a u NAA a IBA v koncentracich 3,0—10,0 mg/l. Tvorba vyhonkt
byla velmi slaba. Jenom na médiich s BAP regenerovalo 7 — 299, explantatu,
ucinné byly vSechny pouzité koncentrace (0,1 — 10,0 mg/l).

cukrovka; kultivace in vitro; kalogenéza; rizogenéza; organogenéza

QAPATO, M. — CEMAH, M. (HayuHo-ucCNes0BaTebCKUt MHCTUTYT CEMEHHbIX KOPHENnnoAos
W NPOMbLIWNEHHDbIX KYNbTYp W cenekuyuu, ByuaHbl): BnusHue PpasHbIX POCTOBLIX BEWECTB
Ha MopdoreHes caxapHoil ceeknbl in vitro. Genet. a Slecht., 25, 1989 (3) :215-222.
MposogunucL UccnepoBaHus C BAUAHMEM CEMW POCTOBbIX BEWECTB Ha 3KCMNaHTaTbl Ca-
XapHOW CBeknbl in vitro. CueHWBanuCb AEWCTBUS OTUX BEUIECTB Ha KanoreHes, pU30-
reHe3 W OpraHoreHes y ABYX LWUTAaMMOB CaxapHO! CBEKNbl M MX 3aBMCUMOCTb OT THUNa
akcnnaHTaTta. KanoreHes 6bin caMbiM cunbHbiM Ha cpege Murashige-Skoog ¢ ago6aBneHuem
2,4-1 B koHueHTpauuu 0,1—0,3 Mr/n, camble nyuwwue pesynbtatbl B pu3oreHese 6binn
oTMmeueHbl Ha cpeaax ¢ IAA B koHuyeHTpauuax 0,7—10,0 (mr/n) m y NAA u IBA B KOH-
ueHTpaymsx 3,0—10,0 mr/n. O6paszoBaHue noberos 6bino BeCbMa cnabbiM. TONbKO Ha cpeae
¢ BAP pereHepuposanoch 7—29 Y/, akcnnaHTaTOB, AEWCTBEHHbI GbiAM BCE MCNONb30BaHHbIE
KoHueHTpauuu (0,1—10,0 mr/n).

caxapHas CBekna, KyNbTUBMpPOBaHMWE in vitr0; KanoreHes; pU3oreHes; OpraHoreHes

FARAGO, J. — SEMAN, I. (Forschungs- und Ziichtungsinstitut fiir Samenhackfriich-
tebau und technische Pflanzen, Buéany): Einfluff verschiedener Wuchsstoffe auf die
Morphogenese der Zuckerriibe in vitro. Genet. a Slecht., 25, 1989 (3) : 215-222

Es wurden Versuche tiiber den EinfluBl von sieben Wuchsstoffen auf Zuckerriiben-
explantate in vitro durchgefiihrt Bewertet wurden die Auswirkungen dieser Stoffe
auf die Kallo-, Rhizo- und die Organogenese zweier Klone der Zuckerriibe und ihre
Abhidngigkeit vom Explantattyp. Die Kallogenese war am stirksten auf dem Mu-
rashige-Skoog-Medium mit Beigabe von 2,4-D in Konzentration 0,1 — 0,3 mg/l, die
besten Ergebnisse der Rhizogenese wurden auf Medien mit IAA in Konzentrationen
von 0,1 — 10,0 mg/l und bei NAA und IBA in Konzentrationen von 3,0 — 10,0
mg/l verzeichnet. Die Triebbildung war sehr schwach. Nur auf Medien mit BAP
regenerierten 7 — 29 9/, der Explantate, wirksam waren simtliche angewandten Kon-
zentrationen (0,1 — 10,0 mg/l).

Zuckerriibe; Kultivation in vitro; Kallogenese; Rhizogenese; Organogenese
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RNDr. Juraj Farago, RNDr. Ivan Seman, CSc., Vyskumny ustav semennych
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ACCURACY OF WHEAT WINTERHARDINESS EVALUATION
BY A PROVOCATION METHOD IN NATURAL CONDITIONS

1. Prasil, V. Rogalewicz

PRASIL, I. — ROGALEWICZ, V. (Research Institute of Plant Production, Pra-
ha-Ruzyneé): Accuracy of Wheat Winterhardiness Evaluation by a Provocation
Method in Natural Conditions. Genet. a Slecht., 25, 1989, (3) :223-230

The proportions of separate factors, and their interactions in the total variabi-
lity was investigated for winterhardiness testing by the provocation method,
consisting in cultivation of plants in wooden boxes during the whole autumn
— winter season. It was proved that the order of rows in boxes was insignificant.
The significance of boxes was caused only with their position in the expe-
rimental area; pots themselves caused no differences. A significant effect of
cultivars was proved, while the interaction cultivar X box was insignificant.
The sowing date and the level above the soil surface showed a significant in-
fluence in interaction with cultivars. The results of the analyses were used in
modification of the design of experiments. The analyses also showed that the
influence of random ,uncontrolled* factors is lower in quality numbers than in
survivals.

winter wheat; winterhardiness evaluation; experimental errors; components
of variance

Winterhardiness evaluation is an important test for genetic resources
and breeding material in winter crops. Owing to very variable weather
conditions in Czechoslovakia, evaluation in field is quite difficult. It
is necessary to harmonize all experimental conditions — locality, sowing
date, snow cover etc., so that the experimental members may differenti-
ate. An experiment is worthless and results unwanted if most material
either fully survive or is fully killed.

A sophisticated “provocation method” has been developed at the
Research Institute of Plant Production, Prague-Ruzyné to evaluate win-
terhardiness of cultivars (Segeta, 1957, 1970; Prasil et al, 1989a).
Cultivars tested are sown and cultivated in wooden boxes during the
whole autumn — winter period. The boxes are placed at various levels
above the ground, which enables better differentiation under various
weather conditions. Nevertheless, demands for the design and for
a careful performance of an experiment increase when a large collection
(several hundred accessions) is evaluted. The variability of experiment-
al results increases with the number of experimental members. A de-
scription of modifications of this method and a discussion on them are
available in Prasil et al. (1989a]).

Experimental results are influenced by many factors of environment.
Cultivars are sown on several dates and exposed at various levels above
the ground, so that genotypes should differentiate at least in some
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treatments. Only a limited number of genotypes can be sown into a single
box, so the experiment is to be extended to a large number of bhoxes.
Further errors may thus be introduced, caused by the row (influence of
boundary rows), by the box, or by the position of the box within the
experimental area (non-homogeneity of conditions over the whole area
of experiment).

This paper is focused on influences of particular factors on expe-
rimental errors. A modification of the design of experiments is proposed,
so as to offset the variability due to interfering factors as much as
possible. The paper specifies and elaborates in more detail the
results of a similar analysis of Segeta (1970). The problems con-
cerning the single experiment studied in this paper will be completed
by a study comparing the results of various experiments (years, loca-
lities). A suggestion of a solution to this problem is the subject of a se-
parate paper (Palovsky etal., 1989).

MATERIALS AND METHODS

Let us start with a description of the design of winterhardiness trials at the
Research Institute of Plant Production. Cultivars are sown into wooden boxes 40 x
x 30 x 12 cm, with 6 rows. Three cultivars are evaluated in each box (1st and 4th
row, 2nd and 5th row, 3rd and 6th row). In the autumn, 16 seeds are sown by hand
into each row. Each genotype is represented by 4 rows (i. e- it is sown into two
boxes). The same combination of three cultivars is placed in both boxes. Boxes
(with the same combinations of genotypes) are placed both into the soil and 50 ¢cm
above the surface. (In the higher place plants are exposed to a stronger influence
of lower temperature and other harmful factors of winter.) The same material is
sown in 3 terms in 14- to 20day intervals, the middle term being the optimum sow-
ing date. Each genotype is thus included in 6 variants (3 sowing terms and 2 levels).
The variants are represented by rows of boxes which are placed one after the other.

The number n of well-developed plants is evaluated for each row at the be-
ginning of winter. During the spring evaluation, the level of damage and the inten-
sity of renewed growing of shoot as well as root parts are determined visually
according to a six-point scale (1 — not injured to 6-killed). For each row, two num-
bers are calculated: Z = (1 — bs/n) . 100

B =(b1 + 0.8b2 + 0.6b5 +— 0.4bs + 0.2bs) . 100/n

where b; (i = 1, 2, 3, 4, 5, 6) is the number of plants in the particular row in the
i-th quality group and n is the total number of plants in the row (during the autumn
determination). The number Z is called a survival, the number 5 a quality number.
Both are expressed in percentage.

To analyse the influences of the particular factors, four experiments were car-
ried out during the winters 1986/87 and 1987/88. The standard desing was slightly
modified due to different questions investigated. We used three cultivars of winter
wheat (Triticum aestivum L.): Mironovskaya 808, Vala, Slavia. These cultivars differ
considerably in winterhardiness. In trial A (1986/87) and C (1987/88), each cultivar
was sown into four, resp. five boxes placed tightly one by one in each variant. The
total extent was 432 rows in 72 boxes in 6 variants in trial A, and 180 rows in 30
boxes in 2 variants (only the middle sowing date) in trial C. In trials B (1986/87) and
D (1987/88), the same cultivars were sown together, each, into two rows in the same
box, in boxes situated regularly over the whole experimental area. We had 58
boxes (13 for the early sowing term, 12 for the middle one, and 4 for the late one, all
at both height levels) in trial B, and 36 boxes (18 on the ground level and 18 on a
bench, all only for the middle sowing term) in trial D.

Owing to problems wiht winterhardiness testing discussed above, not all va-
riants provided data suitable for further analyses. Thus in the winter 1986/87, all
cultivars were fully winterkilled in the variants on a bench 50 cm above the surface.
In trial B only the results from the first sowing term could be used. In trial C and
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genotypes

variants

(sowing date, level above ground)

interactions genotype X variant

position of the box within the area I

pot (box) itself

replication

1. Hierarchical classification of factors and their interactions

D (winter 1987/88), the values of survival for cv.Mironovskaya 808 were equal to
100, in more than 75 per cent of cases. Nevertheless, we analysed them having in
mind that the results might be distorted (the results for quality numbers are OK).
All results were transformed by the (normal) quantile transformation before
executing the analyses. This transformation can be explained by intrinsic properties
of winterhardiness experiments and by the central limit theorems from the prob-

ability theory (Rogalewicz,

then speculative arcsin transformation.

I. Schema of the analysis of variance

Prasil, 1988) and seems to be more appropriate

Degrees of freedom Sum of squares | Mean square —
Factor () (SS) (MS = SS/f) F-criterion
Factor A (cultivars) fa SSa MSa MSaA/MSaB
Factor B (variants) fB SSs MSs MSg/MSas
Interaction A » B fan SSae MSan MSas/MSc
Factor C (boxes) fc + fac + fec + SSc + SSac + MSc MSc/MSp
+ famc + SSsc + SSasc
Factor D (rows) fo + fap + fsp + SSp + SSap + MSp MSp/MSr
+ fep + fasp + + SSsp +
+ facp + feep + + SSarp +
+ famep + SScp +
+ S8Sacp +
+ SSgrep +
+ SSaBcp
Residual R fr SSr MSr =
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Effects of all the mentioned factors and of some of their interactions were tes-
ted by an analysis of variance — the model with random effects (Weber, 1980).
The desing of experiments corresponds to the hierarchical classification, where cul-
tivars, heighs above surface, sowing terms (and their interactions) are at the high-
est level, followed step by step by box positions, pot influences, rows and replic-
ations (Fig. 1). The rows with influences a priori taken for equal were considered
for repetitions.) Formulae for the respective analyses are given in Tab. I. Particular
analyses were derived as submodels of this basic scheme. All statistical estimations
and tests were constructed at a significance level of 5.

Note. The design of trials B and D enabled to replace in the hierarchical sche-
me the factors ,levels above surface“ and , boxes“, when the joint effect of box
positions and of pots themselves was considered. This gave a possibility to investi-
gate also the interactions ,cultivar X box“ We denote the analyses in the original
hierarchy as B1, D1, and those in the modified one as B2, D2.

RESULTS

The results from the winter 1986/87 were not fully suitable for
our analyses. The variants on the bench were fully winter killed. In the
boxes on the ground there were only insignificant differences between
variants from different sowing dates. Due to a relatively heigh autumn
temperature, plants from different sowing terms reach a similar stage
of development by the beginning of winter.

In some replications (both in the winters 1986/87 and 1987/88),
the survivals reached 100 % and hence quality numbers provided
better differentiation. In order to compare them, we calculated variance
analyses both for quality numbers and for survivals; nevertheless, the

1I. Components of variance (in %)

Quality number Survival
Factor trial trial  trial  trial trial trial  trial  trial trial  trial
A B2 G D1 D2 A B2 C D1 D2
1 repetition
(residual) 4596 27.35 2447 29.75 27.75 | 7453 78.83 39.94 46.33 4759
row 0.05 — 0.15 - - —0.08 — 0.21 —_ —
potitself —0.11 —0.08
box | 2.49 5037 047 9.82 0.53 4.12 —0.68 -1.73
position 3.76 —0.45
sowing date | —6.37 - — — — 6.17 — — = ==
level above
ground - - -2.84 -474 0.33 - — =035 —0.53 —0.05
Cultivar 30.65 21.76 64.19 57.78 60.10 | 10.09 30.37 61.15 54.30 56.11
sowing date
x cultivar 27.23 — — — — 8.76 - — —= s
box
cultivar — 0.53 — —_ 2.00 —  =13.31 — — -1.91
l level ab. gr.
| % cultivar — — 13.55 13.56 — — — —0.26 0.43 —
: Total 100.00 100.00 100.00 100.00 100.00 | 100.00 100.00 100.00 100.00 100.00
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results for survivals are to be considered only for a rough estimations
(great influence of errors occurs at values near 100 %]).

The model of the analysis of variance used enables to estimate
components of variance. These components, which represent the pro-
portions of the variance corresponding to particular factors, give a global
view on the significance of influences due to the respective factors
(and their interactions if investigated). These components were ex-
pressed in percentage of the whole variance and are given in Tab. II.

Further, the hypothesis that a component of variance equals zero
( = the respective factor is significant) can be subjected to F-test. In case
of survivals, cultivars were the only significant factor (in trial A toge-
ther with the interaction of cultivar X sowing date). For quality num-
bers, next to cultivars (and their interactions with sowing dates and
with levels above surface), another significant factor appeared — the
boxes. This factor in trials A, B2, D2. In trial D1 the factor box position
was significant while the factor of pots themselves was not. The factor
“boxes’” was insignificant in trial C.

Finally, the influence of the number of plants was investigated
(plants of each cultivar in each variant). In trial A, the components
ox’ (residual variance) and o,*> (part of variance corresponding to
cultivars) for survival evaluation were estimated by the one-way analysis
of variance, survival being calculated from results ot a single row, then
of two, three,..., up to twelve rows (with the corresponding number
of replications). The results are given in Fig. 2.
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DISCUSSION

The results of all trials show that there is a high dependence of
winterhardiness evaluation (survivals as well as quality numbers) on
cultivars. This is a positive result, because the method is aimed at
a differentiation of cultivars.

On the other hand, the interactions of cultivars with sowing dates
and with levels above the soil surface appeared to be significant, too.
This corresponds to the experience that cultivars respond differently to
various environmental conditions in each particular development stage.
This affects primarily the results in various years or in various localities
(the interaction of cultivar X year and cultivar X locality). Therefore
it is very difficult to combine results from various trials and to inter-
pret them uniformly. This problem is discussed in a separate paper
(Prasil et al, 1989b). The significance of interactions of cultivars
with sowing dates and with levels above the ground shows that every
such variant should be examined as a separate trial, and the same
method as in the case of various years should be applied.

The influence (an additive effect) of levels above the surface, consi-
dered alone, was proved to be insignificant and the results of trial A
show that the same holds probably also for sowing dates.

It is very important how results are influenced by a given experi-
mental design, i.e. by the distribution of cultivars over all boxes and
rows. It was proved that there is no influence of rows. This enables
to consider rows for pure replications. In the winter 1986/87, the effect
of boxes was significant. This factor, however, comprised both the
effect of pots themselves and the effect of positions of boxes in the
experimental area. The results of experiments A and B2 showed that
only the position of the box was likely significant and there was
no effect of the pots. The design of the trials in the winter 1987/88
was somewhat modified so that both effects could be separated in
analysis D1. The hypothesis was proved in this trial. The results con-
cerning rows and boxes show that only one parameter of the arrange-
ment of cultivars into rows and boxes affects the results: the position
within the experimental area. Therefore it is desirable to distribute
replications (of each cultivar) into more boxes over the whole area.

To design a trial using the provocation method, the number of
plants of each cultivar is also to be determined. In the standard design,
16 seeds are placed in a row. We leave a reserve for the case that
some seed will not germinate; hence we consider 15 plants in a row.
Our task is now to determine the number of plants as a multiple of 15.
If we start from the estimation of a parameter of an alternative distri-
bution, the number of rows estimated will be quite high. We tried to
analyse the random error and the component of variance corresponding
to cultivars in trial A, when we took for replications every 2, 3,... up
to 12 rows (24 rows of each cultivar was sown into 4 boxes placed one
next to the other). The results are given in Fig. 2. The residual va-
riance as well as the component of variance coresponding to cultivars
rapidly fell down with the number of rows growing from 1 to 5 or 6.
Further, they did not change significantly, though showing a slight de-
clination. Reflecting this fact, we can cinsider estimations of winter-
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hardinnes (survivals and/or quality numbers) based on results from &
rows (appr. 90 plants) for reasonable accuracy.

The trials also enabled to compare reliability of information given
by survivals and by quality numbers. It was shown that when we replace
survivals (yes-no experiment) by quality numbers (a more quantitative
description), the percent expression of the component of variance cor-
responding to uncontrolled factors decreases considerably, while the
share corresponding to the factor “cultivars” increases. This tendency
was proved in all trials. Therefore it is better to use quality numbers and
to use survivals as a complementary criterion only. However, we should
remember that the role of “disturbing” factors is also higher in quality
numbers than in survivals (see Tab. II).

Generally, it was proved that the provocation method is suitable
for evaluation of cultivar (breeder’s line, genetic resource) winter-
hardiness in the weather conditions of Czechoslovakia. On the basis of
the results stated above, a minor modification of the method has been
proposed. This includes:

1. to use quality numbers and to consider survivals for preliminary
results only;

2. to sow each cultivar into six rows in each variant and to place
into each box one row of a cultivar maximum;

3. to lower the non-homogeneity of the experimental area suriace,
which causes higher experimental errors in variant placed on the
ground (this was done during the summer 1987 with a positive effect
— see results of trials C and D);

4. to take each variant as an independent experiment and to comp-
are them by the same methods as experiments from various years and
localities.
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PRASIL, I. — ROGALEWICZ, V. (Vyzkumny ustav rostlinné vyroby, Praha-Ruzy-
né): Presnost hodnoceni zimovzdornosti pSenice provokacéni metodou v pfirozenych
podminkdch. Genet. a Slecht., 25, 1989 (3) : 223-230

Byl hodnocen vliv zakladnich faktort provokacéni metody a jejich interakei na celko-
vou variabilitu vysledku. Pri provokaéni metodé byly rostliny jednotlivych odrud
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péstovany v drevénych bedynkach, které byly uloZzeny v riizné vysce nad zemi bé-
hem celého podzimné-zimniho obdobi. Byl prokazan nevyrazny vliv fadku v bedyn-
ce. Vyznamny vliv bedynky byl zpusoben pouze jejim umisténim v rameci pokusného
arealu, nikoliv vlivem bedynky jako kultivaé¢ni nadoby. Vyznamny vliv méla odruda,
zatimco interakce odruda X bedynka byla nevyznamna. Termin vysevu a uroven ulo-
zeni bedynek nad zemi meély vyznamny vliv v interakci s odridou. Vysledky analyz
byly uzity pri navrhu pokusného usporadani a upravy pokusné plochy provokaéni
metody. Z analyz rovnéz vyplynul niz$i vliv nahodnych nekontrolovatelnych fakto-
ru pri hodnoceni rostlin pomoci bonitace nez Zivotnosti.

psSenice ozima; hodnoceni zimovzdornosti; chyba pokusu; komponenty rozptylu

NMPAWWA, N. — POTANEBMY, B. (HayuHo-uccnegoeatensCkMit MHCTUTYT pacTEHUEBOACTBA,
Mpara-Py3sbiHe): TOYHOCTL OUEHKM MOPO30YCTOMUMBOCTM MWEHWLbI NMPOBOLMPYIOWHUM Me-
TOoA0M B npupoaHbix ycnosusx. Genet. a Slecht., 25, 1989 (3) : 223-230.

OueHnBanoCb BAMsSHWE OCHOBHbIX (DAaKTOPOE MPOBOUMPYIOWErO0 MeToaa M MX B3aUMOAEH-
CTBMe Ha 06wyl HW3IMEHUMBOCTb pe3ynbTaToB. [IpW NPOBOUMPYIOWEM METOAE PaCTeHUS
OTAENbHbIX COPTOB BbIpaWMBaNUCh B AEPEBAHHbIX AWMKaX, KOTOPble HaXoAMNUCb Ha Pa3HOM
BbICOTE Haja 3E€MNel B nepuoj BCEero OCEHHE-3UMHero uccneaosaHusi. Bbino pokaszaHo He-
AOCTOBEPHOE BAWSHUE psiaKa B sWMKe. 3HAUMTENbHOE BAUsHWUE siyMKa GbiN0o BbI3BAHO NHULWb
MECTOHaxOXAEHMEM B paMKax OMbITHOro apeana, a He CaMUM SUMKOM KakK KY/IbTUBWUpY-
UMM cocyaom. Bonbwoe BAMsHMEe okasbiBan COPT, NpUUemM B3auMoAgeiCcTBUE CopT X
Xswmnk 6bino 6e3 3HaueHUsi. CpPOK MOCEBAa M YPOBEHb HaXOXAEHMA AWMKOB Hag 3emnei
OoKa3biBanu 3HauuTebHOe BAMSHWE B B3aMMOAEWCTBUMU C COPTOM. PesynbTaTbl aHanu3oBs
MUCNONb30BaNMCb NpW NPOEKTEe OMNbITHOrO NPOBEAEHUS U OMOPMNEHUS OMNbITHOW nAoWaau
nposouMpylowero Meroga. AHanu3sbl TakxXe noka3anu 6Gonee HWU3KOE BAWSHWE CAyYalHbIX
HEKOHTPO/NUPYEMbIX akTOpOB MNpPW OUEHKE pacTeHWMH C NOoMOouwbld GOHWUTUPOBKM, a He
XWU3HEeCnoCo6HOCTH.

0o3Umas MweHuua; oueHKa MOpO30yCTOMUMBOCTH; oOlwKnbka ISKCNEpPUMEHTa; KOMMOHEHTDI
AUCNEpPCUU

PRASIL, I. — ROGALEWICZ, V. (Forschungsinstitut fiir Pflanzenproduktion, Pra-
ha-Ruzyné): Genauigkeit der Bewertung der Kdlieresistenz von Weizen mittels Pro-
vokationsmethode unter natiirlichen Bedingungen. Genet. a Slecht., 25, 1989, (3) :
223-230.

Bewertet wurde der Einflufl der Grundfaktoren der Provokationsmethode und deren
Wechselbeziehung auf die Gesamtvariabilitit der Ergebnisse. Im Rahmen der Pro-
vokationsmethode waren Pflanzen einzelner Sorten in Holzkisten angepflanzt, die
wihrend der ganzen Herbst-Winter-Periode in verschiedenen Hohen iiber dem Erd-
boden deponiert waren. Es wurde ein unsignifikanter EinfluB der Reihe in der
Kiste nachgewiesen. Der signifikante Einfluf3 der Kiste war ausschliefllich auf ihre
Aufstellung im Rahmen des Versuchsareals und nicht auf den Einfluff der Kiste
als Kultivierungsgefafi zuriickzufiihren. Signifikant war der Einflul der Sorte,
wihrend die Interaktion Sorte X Kiste unsignifikant war. Der Aussattermin und
die Lagerungshohe der Kisten iiber dem Erdboden hatten in Interaktion mit der
Sorte signifikanten Einflufl. Ergebnisse der Analysen wurden beim Entwurf der
Versuchsanordnung und der Gestaltung der Versuchsfliche der Provokationsmetho-
de ausgeniitzt. Aus den Analysen ergab sich ebenfalls ein niedrigeren Einflufi der
zufélligen nichtkontrollierbaren Faktoren bei der Bewertung der Pflanzen mittels
Bonitierung gegeniliber Bewertung mittels Vitalitat.

Winterweizen; Kilteresistanztest; Versuchsfehler; Varianz-komponente
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POLLEN FERTILITY RESTORATION IN ENGLISH WINTER
WHEAT CULTIVARS

M. Apltauerova

APLTAUEROVA, M. (Research Institute of Crop Production, Praha-Ruzyné):
Pollen Fertility Restoration in English Winter Wheat Cultivars. Genet. a Slecht.,
25, 1989 (3) :231-238.

Fertility restoration was tested in 14 English winter wheat cultivars and 8 of
them were found to have Rf genes for CMS T. timopheevi. The cultivars were
divided into 3 groups according to the level of fertility restoration in CMS
Ilyichevka and CMS Slavia. On an average for two testers and two years, the
most effective restoration was recorded in the cultivars Durin (53.72 Y, i. e.
71.55 %, of that of the checks), Brigand (53.03 %, i. e 70.63 %, CH) and Norman
(52.62 Y, i. e. 70.08 %, CH). The influence of genetic background of male sterile
on fertility restoration level of hybrid was confirmed. The male sterile analo-
gue of the Czech cultivar Slavia was restored by all restorers with difficulty,
so it is not recommended as a female component of hybrid. Fertility restoration
was influenced by weather factors in the experimental years. Fluctuating air
temperature before and during flowering, and particularly low temperature just
before the onset of flowering, had an adverse effect. The contribution of En-
glish cultivars with Rf genes to restorer breeding in Central European condi-
tions is appreciated.

Cytoplasmic male sterility; Rf genes; restorer breeding

One of the prerequisites for heterosis breeding in wheat is a suitable
system for hybrid seed production. The most suitable system, for the
time being, is cytoplasmic male sterility and fertility restoration based
on interaction of the plasmon of the tetraploid wheat Triticum timo-
pheevi Zhuk. and the genome of the hexaploid T. aestivum L. Since 1974,
hybrids obtained by means of this genetic male sterility have been
grown in limited areas in North and South America and in Australia.

The comparatively slow rate of progress in hybrid breeding is also
caused by the complexity of inheritance of fertility restoration in CMS
T. timopheevi and by the lack of suitable donors of Rf genes which
would ensure a full fertility restoration in Fi generation. It was found
that Rf genes in cultivars of 7. aestivum are more effective in European
conditions than the original Rf genes from 7. timopheevi (Oehler,
Ingold, 1966; Apltauerova et al, 1966). A high fertility restor-
ation can be provided by a combination at least 2—3 Rf genes. A number
of West European cultivars able to restore pollen fertility in CMS T. ti-
mopheevi were found by the screening of Rf genes in T. aestivum (Ze€ -
ven, 1968; Apltauerovd, 1968; Goujon, 1969; Apltauero-
va et al, 1979 aj.). From the point of view of use for breeding, English
cultivars are particularly interesting. We want to draw attention to
them in this contribution.
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MATERIALS AND METHODS

Fourteen English cultivars of winter wheat were crossed with two sterile tes-
ters with T. timopheevi cytoplasm to identify Rf genes. A collection of the cultivars
teseed is presented in a survey, including their genealogical origin. CMS Ilytchevka
and CMS Slavia were used as testers. To find out the influence of environment on
fertility restoration, experiments were carried out for 2 years.

A Survey of Cultivars Tested for Fertility Restoration in CMS T. timopheevi

Avalon (TJB 409/1088) — Maris Ploughman X Bilbo

Bounty (TJB 406/892) — Maris Ploughman X Durin

Brigand (TJB 370/491) — Maris Huntsman X Bilbo

Brimstone (CWW 1887/1) — (TJB 54/218) (M. Widgeon der. X Viking X Hobbit
30/2) X Hustler

Brock (CWW 1724/3/10) — Hobbit 30,2 X Talent

Durin — [(Vilmorin 29 X Vogel 8058) X Cappelle] X [(C. I. 12633 X Cappelle 4) X
X (Heines 110 X Cappelle)] X Nord

Fenman (TJB 990/8) — [(Maris Ranger X Durin) X Maris Beacon] X Hobbit sib
Galahad (TJB 730/3637) — Joss Cambier X Durin) X Hobbit sib

Gawain (CWW 1681/1) — Durin der. X Brigand

Mardler — Maris Huntsman X (M. Ranger X Durin)

Norman (TJB 989/10) — [(Maris Ranger X Durin) X Maris Beacon] X Hobbhit sib
Renard (CWW) 1724/3/4) — Hobbit 30/2 X Talent

Sarsen (CWW 2479/ 16) — Maris Marksman X Armada

Virtue (TJB 368/255) — Maris Huntsman X Durin

Seeds of the testing Fi generation and the control cultivars Yubileynaya, Hana
and Regina were sown in field conditions at a 15 X 15 cm spacing. In each variant,
the first heading ear of each of 30 plants was isolated during heading. The number
of spikelets, number of grains in the 1st and 2nd floret and total grain number in
ear were recorded after harvest. Fertility restoration was estimated according to the
formula P

o/ PR J
% EFR = B2 " 100

where: A — grain number in the 1st and 2nd floret of spikelet per ear
B — spikelet number per ear
Cultivars which produced completely sterile progeny in both combinations in
the 1st experimental year were not included in repeated evaluation.
After arcsin transformation, the data on fertility restoration were processed

by analysis of variance, and the significance of the differences was tested by Tuc-
key’s test.

RESULTS AND DISCUSSION

Primary donors of Rf genes used in restorer breeding represented
extensive types with long lodged culm and a low yield potential.
Systematic screening of West European cultivars has provided new
fertility restoration sources with better agronomic characters, e. g. the
English cultivars Maris Beacon and Maris Huntsman, for many years
the highest yielding cultivar in our country, was particularly valuable
and could be used directly as a restorer. Attention was therefore con-
centrated also on new semidwarf English cultivars. The aim was to find
suitable restorers, or at least a new source of Rf genes for their
breeding.

Testing of fertility restoration in CMS T. timopheevi revealed restor-
ation ability in eight of the 14 English cultivars examined. Cultivars
Avalon, Bounty, Brimstone, Brock, Mardler and Renard crossed with
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I. Fertility restoration ability of English cultivars in CMS T. timopheevi Zhuk.

1986 1987

Cultivar CMS Ilyichevka CMS Slavia CMS Ilyichevka CMS Slavia

FR  Rel. CH* FR  Rel. CHY FR Rel. CH* FR  Rel. CH*

ﬂ(’) n") 9’(\ nn ”:/1 % l % %
Brigand 56.43 74.64 27.29 36.10 | 79.04 106.02 ] 49.36 66.21
Durin 62.67 82.90 32.25 42.66 80.86 108.46 39.08 52.42
Fenman 50.70 67.06 | 18.29 24.19 59.20 79.41 37.73 50.61

|
Galahad | 52.68 69.68 | 22.58 29.87 60.61 81.30 28.91 38.78
Gawain | 50.31 66.55 ‘ 19.93 26.36 1 74.46 99.89 41.70 55.94
Norman | 52.50 69.44 1 30.91 40.89 | 76.86 103.10 ! 50.22 67.36
|
Sarsen 57.00 75.40 3.95 5.22 69.54 93.28 21.46 28.79 !
Virtue | 5451 72.10 { 24,07 31.84 71.93 96.49 | 33.02 44.29
CH* — average seed set in the 1st and 2nd florets in Yubileynaya 50, Regina, Hana

1986 — 75.60 %, 1987 — 74.55 %,

both testers, produced quite sterile progeny, i.e. they were carriers of
recessive alleles of Rf genes. They can be used in hybrid breeding to
obtain sterile analogues.

The presence of Rf genes was demonstrated in other 8 cultivars
(Tab. I). Fertility restoration was very low in CMS Slavia progeny and
did not reach a significant level. On the other hand, fertility restoration
level was much higher in combination with CMS Ilyitchevka, i.e. it
varied from 50.31 % to 62.67 %, and from 59.20 % to 60.86 % in 1986
and 1987, respectively. As even the common cultivars fail to reach a full
seed set in the 1st and 2nd floret, the data were compared with the
average seed set for three control cultivars. On the basis of this relat-
ion, fertility restoration was found to range from 74.64 % to 82.90 %
in the three best cultivars tested on CMS Ilyitchevka in the first year. In

II. Cultivars with Rf genes ordered according to fertility restoration ability

Cultivar l F(,? Statist. signif.* l Rel;,:)CH Ranking !

|

| Durin 53.72 | a 71.55 1 |

| Brigand ! 53.03 ‘ a 70.63 2 ‘
Norman ’ 52.62 [ a : 70.08 3

Gawain | 46.60 | b 62.07 4 !
Virtue | 45.88 1 b 61.11 5

Fenman 41.48 ‘ b 55.25 6 \
Galahad 41.19 [ b 54.86 7

Sarsen ’ 37.99 ] c 50.60 8 1

+ — differences in FR values denoted with the same letters are statistically insignificant
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1987, when the level of fertility restoration was much higher, the best
three combinations exceeded the average seed set of control cultivars
by 3.10 %, 6.02 %, and 8.46 % in the 1st and 2nd florets.

Highly significant differences between the levels of all the factors
observed, i.e. between cultivars, testers and years, were demonstrated
by the statistical analysis (Feu. = 27.90%%; Fie = 1139.92%%; F oo =
= 310.71+%).

The tested cultivars with Rf genes can be divided into three groups
according to the level of restoration ability (Tab. II). The first group
includes the most effective restores Durin, Brigand, and Norman,
whose restoration ability reached 71.55 % — 70.08 % of check cultivars,
on an average for the testers used and the experimental years. The
cultivars Gawain, Virtue, Fenman and Galahad with a restoration ability
of 62.07 % — 54.86 % of control cultivars were included in the second
group with a significantly lower fertility restoration. The lowest restor-
ation was found in the cultivar Sarsen — 50.60 % of that of the check
cultivars.

All these cultivars originated irom crosses with cultivars in which
fertility restoration had been found before: Maris Huntsman, Maris
Beacon, Maris Marksman, and Armada (see survey of the -cultivars
tested). It can be inferred from pedigree analysis of these cultivars
that fertility restoration for CMS T. timopheevi origins from three
original sources, including the English cultivar Hybrid 46, Belgian cul-
tivar Prof. Marchal, and the American line C.I. 12633. The C.I. 12633
was used as a donor of the mildew resistance genes Pm 2 and Pm 6.
According to Hughes, Bodden (1977), there is a stronger link-
age between these genes and Rf genes, which could influence positively
the restorer breeding.

Statistical analysis also demonstrated highly significant differences
between both testers. On an average for all cultivars and years, CMS
Ilyitchevka was restored at 63.08 % whereas CMS Slavia only at 30.05 %.
It was found some time ago that the genotype of the male sterile in-
fluences fertility restoration in the Fi1 generation (Wilson, 1968;
Apltauerovd Mikala, 1970; Milohnié¢, 1972). According to
Wilson (1968) fertility genes in a CMS analogue can make either an
additive or complementary contribution to phenotypic expression of
restorer genes. It is therefore necessary to choose such steriles, which
would favourably influence the fertility restoration level in the Fi ge-
neration. From that point of view, CMS Slavia will not be a suitable
female component. However, it may be used as a hard tester for a future
evaluation of restoration abhility (Apltauerovd, Golubec, 1987).

It follows from the significant interactions between cultivars and
testers (Fouy ese = 13,341+ ) that the best restorer cultivars Durin, Bri-
gand, and Norman are effective and stable with both testers, whilst less
effective cultivars fluctuate (Sarsen, Gawain).

The level of fertility restoration in generation Fi1 also depends on
the environment. For example, fertility is explicitly reduced in green-
house conditions (Rajki, Rajki, 1966). High temperature and low
air humidity are most frequently regarded as the decisive factors lead-
ing to lower fertility restoration levels in field conditions (Zukov-
skij, Chvostova, 1971; Mihaljev, Borojevié 1972).
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However, low temperature also proves to be a “sterilizing” factor (R o -
berts, 1969).

In our experiments we noticed high significant differences in fertility
restoration between the two experimental years. On average, fertility
restoration reached,a level of 38.50 % in 1986, but it was much higher in
1987 — 54.62 %. In 1987, flowering was delayed by 10 days in com-
parison with the preceding year and was shifted to the latter half of
June. Analysis of weather conditions in both years showed that in 1987
the period before flowering was warmer with a regular distribution of
rainfall. In the same period in 1986, i.e. two weeks before flowering, the
minimum temperature decreased to 3.4°C. Six days with minimum
temperature below 6°C were recorded. A cold spell followed a very
warm period, when maximum temperature reached even 27.9 °C.

During flowering in 1887, the temperature was lower but less
fluctuating; the rainfall was distributed uniformly. In 1986, dry weather
prevailed, with fluctuating temperatures (Figs. 1, 2). It could be con-
cluded from different weather conditions in both experimental years,
that the large changes in temperature, and particularly the low tem-
perature just before flowering, are not favourable for fertility restor-
ation. A high fertility restoration was reached when temperature just
before and during flowering was adequately high and stable and rain-
fall was moderate and regularly distributed.

Fertility of the 1st and 2nd floret in the spike in the three controls
Yubileynaya 50, Regina, Hana was about the same in both years, i.e.
75.60 % (average for check cultivars) in 1986 and 74.55 % in 1987.
In this trait the order of cultivars was the same in both years.

i'c)

1 73 s 7 9 M - @ 6 1 f  2A B B

Y 2'l[t:lcxv]
onset of flowering

1. Air temperature (average daily, maximum and minimjum temperature two weeks
before flowering and during flowering in 1936 and 1987
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2. Distribution of rainfall two weeks before flowering and during flowering in 1986
and 1987

In conclusion it can be stated that the English winter wheat cul-
tivars Durin, Brigand, and Norman can make a good contribution to an
extension of the gene pool of restorer breeding for CMS T. timopheevi.
Apart from a good restoration ability they exhibit a high productivity
in Czechoslovak conditions (Bare$d et al, 1985). They possess field
resistance and have specific genes for resistance to mildew, yellow rust
and leaf rust {Durin). It should be taken into account when the other
partner fov initial crossing is sought, that they have a lower quality
and winter-hardiness. .

The three cultivars referred to this paper could be used also di-
rectly as restorers in crosses with short stem male steriles. However,
it is necessary first to test the character of their flowering because it
is well known that some English cultivars (e. g. Hybrid 46) are cleisto-
gamic. Nevertheless, effective pollination of sterile plants can be
reached only in the case when there is an open — flowering pollinator
which sheds in the air as much pollen as possible.
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APLTAUEROVA, M. (Vyzkumny ustav rostlinné vyroby, Praha-Ruzyné): Obnova
fertility pylu v anglickych odriddch psenice ozimé. Genet. a Slecht., 25, 1989 (3) :
1 231-238.

Testovanim obnovy fertility u 14 anglickych odr(d p$enice ozimé bylo zjisténo, Ze
osm odridd ma Rf gen (geny) pro CMS Triticum timopheevi. Podle vy$e obnovy
fertility v CMS Iljicovka a CMS Slavia byly odrudy rozdéleny do tii skupin. Nej-
efektivnéjSimi obnoviteli v priaméru dvou testerit a dvou let se projevily odrudy
Durin (53,72 %, ti. 71,559, K), Brigand (53,03 %, tj. 70,63 K) a Norman (52,629, tj.
70,08 K). Byl potvrzen vliv genetického pozadi CMS analoga na uroven obnovy fer-
tility hybrida. Sterilni analog ¢s. odrudy Slavia se obnovoval vemi odridami — ob-
noviteli velmi obtiZné, proto se nedoporucuje jako materska forma hybrida. Obnova
fertility byla ovlivnéna povétrnostnimi faktory pokusnych let. Nepiiznivé pusobilo
kolisani teploty vzduchu pired kvetenim a v prabéhu kveteni a zejména nizké teplo-
ty kratce pred zacatkem kveteni. Uvadi se prinos anglickych odrud s Rf geny pro
Slechténi obnoviteltl ve stifedoevropskych podminkach.

cytoplazmaticka samci sterilita; Rf geny; §lechténi obnovitelt

ATMNTAYEPOBA, M. (HayuHo-uccnegoBaTenbCKWMil WMHCTUTYT pacTeHuesoacTBa, [lpara-Py-
3biHe) : BoccTaHoBNeHWe (DEPTUABHOCTM NbiNblUbl B aHrMMWCKWUX COPTax O3UMMOW MUWEHMULbL.
Genet. a Slecht., 25, 1989 (3) :231-238.

lMpoBoanMble TeCTbl BOCCTAaHOBNEHUS DepTUNLHOCTU Y 14 aHrIMUCKUX COPTOB MIWEHMULbI O3U-
MOi1 nokasanu, uTo BocemMb copToB umeeT Rf reH (rewn) gna CMS Triticum timopheevi.
CornacHo BenuMuuHe oBHosneHus deptunbHoctn 8 CMS Mnbuuoska u CMS Cnasus copTta
pasgenunu Ha TpW rpynnbl. Hawbonee 3MPPEKTUBHLIMU OOHOBWUTENAMM B CPEAHEM ABYX
TeCTepos M ABYx neT npossuauch copta [Aypun (53,729, T.e. 71559, K), Bpurana
(53,039, T.e. 70,63 K) u Hopman (52,629, 1.e. 70,08 K). lMoaTBepaunu BnusHue re-
HeTuueckoro oHa CMS aHanora Ha ypoBHE BOCCTaHOBNEHWs (DEPTUNbHOCTU rubpuaa. Cre-
PHNbHbIA aHanor uexocnoeaukoro copTa Cnasus OGHOBASNCS BCEMU COPTaMU-OGHOBMTENAMM
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Cc 60/MblWKM TPYAOM, U NOTOMY HE PEKOMEHAYETCs Kak MaTepuHCkas cdopMma rubpuaa. Ha
BOCCTaHOBNEHWE (HEPTHIbHOCTU BAWANKM NOrofHble (DakTopbl OMbITHbIX neT. HebnaronpuatHo
BNUaAno konebaHve TeMnepaTypbl BO3jgyXa nepej UBETEHWEM W B NMEpPUOA UBETEHUS W rias-
HbIM 06pa30M HM3KMe TemnepaTypbl HENnoCPeACTBEHHO nepej HauyanoMm useTeHus. [pueo-
AWTCS BKNaj aHrAMACKUX coptoB ¢ Rf reHamu ang cenekumu BOCCTaHOBUTENEH B CpeaHe-
€BPONEenCKUX YCNOoBUAX.

uuTonnasmatuyeckass Myxckasg CTepUIbHOCTD; R_f reHbl; cenekuus BOCCTaHOBHUTENEW

APLTAUEROVA, M. (Forschungsinstitut fiir Pflanzenproduktion, Praha-Ruzyné):
Restoration der Pollenfertilitit in englischen Winterweizensorten. Genet. a Slecht.,
25, 1989 (3) :231-238.

Anhand von Tests der Fertilititsrestoration bei 14 englischen Sorten des Winter-
weizens wurde festgestellt, dafi acht Sorten das Rf Gen (bzw. Gene) flir CMS Triti-
cum timopheevi fihren. Dem Umfang der Fertilititserneuerung in CMS Iljitschowka
und CMS Slavia nach wurden die Sorten in drei Gruppen eingeteilt. Als effektivste
Restorer im Mittelwert von zwei Testern und zwei Jahren erwiesen sich die Sorten
Durin (53,72 %, d. h. 71,559, K), Brigand (53,03%; d. h. 70,63 K) und Norman
(52,629, d. h. 70,08 K). Es wurde der Einfluf des genetischen Hintergrunds des
CMS-Analoges auf das Niveau der Fertilitiatserneurung des Hybriden bestatigt. Das
sterile Analoge der tschechoslow. Sorte Slavia erneuerte sich durch sidmtliche
Sorten-Erneuerer nur schwierig und wird daher als miitterliche Form des Hybriden
nicht empfohlen. Die Fertilititserneuerung war auch durch die Witterungsfaktoren
der Versuchsjahre beeinflufit. Ungilinstig wirkten sich die Lufttemperaturschwan-
kungen im Zeitraum vor und wihrend der Bliite und insbesondere dann niedrige
Temperaturen kurz vor Bliitebeginn aus. Es wird der Beitrag der englischen Sor-
ten mit Rf Genen fiir die Zlichtung von Restorern unter mitteleuropiischen Bedin-
gungen angefiihrt.

zytoplasmatische minnliche Sterilitit; Rf Gene; Restorer-Ziichtung
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DISCRIMINATION OF WHEAT CULTIVARS AFTER THEIR
RUST REACTIONS

P. Bartos, E. Stuchlikova, R. HanuSova

BARTOS, P. — STUCHLIKOVA, E. — HANUSOVA, R. (Research Institute of
Crop Production, Praha-Ruzyné): Discrimination of wheat cultivaers after their
rust reactions. Genet. a Slecht., 25, 1989 (3) : 239-244.

The winter wheat cultivars registered in Czechoslovakia can be divided into
several groups according to their seedling reactions to some leaf and stem rust
isolates. Some cultivars can be determined according to their specific reactions
to several leaf and stem rust isolates. Simple discrimination of the group of
cultivars possessing 1B/1R translocation, using one leaf rust isolate, can be
used to distinguish cultivars with poor and good baking quality. The cultivar
Branka, the only one with 1B/IR translocation and medium baking quality, can
be determined by one isolate among other cultivars possessing 1B/IR translocat-
ion.

Triticum aestivum L.; leaf and rust isolates; 1B/IR translocation; baking quality

Identification of wheat cultivars after harvest is often of practical
and economic importance. Several methods are used for this purpose.
Electrophoretic analysis of seed proteins belongs to the most efficient
ones (Sasek et al, 1988). However, special laboratory equipment,
skill and experimence are needed for this technique. Our study of rust
resistance in the winter wheat cultivars registered in Czechoslovakia has
shown characteristic differences in their rust reactions to certain isol-
ates of rusts, conditioned by different resistance genes. The possibility
to utilize these differences, observed in the seedlings greenhouse tests
for identification of the registered winter wheat cultivars, is described
and discussed in this paper.

MATERIALS AND METHODS

Resistance genes determined in genetic analyses or postulated according to
responses to a number of rust isolates are presented in Tab. I (Bartos Valkoun,
1988). Postulation of yellow rust resistance genes was based on the results obtained
by Dr. R. Johnson (PBI Cambridge) and R. W. Stubbs (IPO Wageningen).
In our tests only leaf and stem rust reactions were considered for identification of
the cultivars.

Tests were carried out in the greenhouse at temperatures ranging between 15 °C
and 25°C. Wheat seedlings at the first leaf stage were inoculated by rubbing the
leaves with spores in talc. After inoculation the plants were sprayed with water
by means of an atomizer and kept closed in covered glass cylinders at high air hu-
midity for 24—48 hours. Rust reactions were evaluated after 8—12 days, using
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1. Genes for rust resistance in winter wheats registered in Czechoslovakia

Cultivars 23:3 ::5 Genes
Sr Lr Yr
Agra 2 31, + 3,26 9,Ad
Branka 5 31 3,26, - 9,Ad
Danubia 4 31, (+?) 26,+ 9
Hana 9 29 3 2
Iris 1 31,11, 6?2 26 9
Kosutka 7 + + +
Mara 7 29 3 Ad
Mironovska (808) 9 Tmp 3 Ad
Odra 7 — 3 2,+
Regina 8 — - 1,2,H IV
Roxana 3 31 26,+ 94
Selekta 2 31 26 9,Ad
Slavia 5 29 — 2
Sparta 4 31 26,3 9,Ad
Vala 5 29 - Ad '
Viginta 7 5,+ 3 2,3a+4a
i Zdar 5 + — 3a+4a,CV

Yr genes postulated according to the results by: R. Johnson (PBI Cambridge) and R. W. Stubbs
(IPO Wageningen)

Ad. = Adult plant resistance

Baking quality: 1 poor; 9 — very good

infection types according to Stakman et al. (1962). The following isolates (races)
of rusts were used: 243(77), 600(14SaBa), 628(61SaBa), 1938(58SaBa), 1943(11SaBa)
for leaf rust and G 702(14), G 69(21), and G 425(11) for stem rust.

RESULTS

One leaf rust isolate, namely 243(77) is satisfactory for the differ-
entiation of two important groups of cultivars, namely cultivars with
translocation I1B/IR and those without it. As shown in Tab. II, all
cultivars possesing translocation 1B/1R with rust resistance genes Sr 31,
Lr 26 and Yr 9 are resistant to the isolate 243(77).

The group of cultivars with this translocation can be further divided
into two sub-groups by the isolate 600(14SaBa). Cultivars Agra, Branka
and Sparta are resistant to this isolate (possess Lr 3], whereas Danubia,
Iris, Roxana and Selekta are susceptible. Out of the former sub-group of
cultivars, Branka can be easily identified by its resistant reaction to the
isolate 628(61SaBa). All other cultivars with IB/IR translocation are
susceptible to isolate 628(61SaBa). Out of the latter sub-group of cul-
tivars, Danubia can be identified by its resistant reaction to isolate
1938(58SaBa) and Roxana by its resistant reaction to isolate 1943-
-(11SaBa).
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II. Reaction of the winter wheats registered in Czechoslovakia to 5 leaf rust and
3 stem rust isolates

Leaf rust Stem rust
5_,‘; Cultivar 243 600 628 | 1938 | 1943 G702 G69 G425
3 G | St ot S8 | B e [ ren | an
RZ Saba) | Saba) | Saba) | Saba)
Agra o | o | 4 [1-3] o 0 0 0
o Branka 0; 0; 0; | sl 0; 0; 0; 0
%8 Danubia 0; 3 3 51 2—-3 0; 0 0;
[+]
::‘ 3 Iris 0; 3 4 | 4 3 0; 0 0
g’ g Roxana 0; 4 4 | 4 s 0; 0; 0;
v Selekta 0; 4 4 | 4 3— 0; 0; 0;
Sparta 0; 0; 4 4 s | 0; 0; 0;
Hana 4 0; 4 4 0; 0;1—-2 03 0;
‘ 1~2 1-2
o Kosutka 2 4 4 3 2—-3 | ;1-2+4 51 s1—24
2 \ —2+
g Mara 4 0; 4 4 0; 514+ s1—2 | j1-—-2+
g Mironovska 4 0; 4 4 ; 4 3 3
: Odra 3 0; | 4 3 ; 3 3 3
% Regina 4 4 4 4 - 4 4 4
— Slavia 4 3 4 4 0;1—2+ 31 0;1—-2+
% -2+
= Vala 4 4 4 3 3—| 1-2 ;1 0;1—-2+
B S
Viginta | 4 0; 4 3 0; 0 0 0;1-2+4
Zdar 4 4 4 3 | 2-3 0; 3 3
R - Agra, Branka, Spai .
(cultivars with Lr 3)
R
T late 600
‘lf:l‘llt‘:t;;ﬁ R) 1(51«.;;%3 )

S - Danubla, Irls, Roxana, Selekta
(cultivars without Lr 3)

Isolate
243(77)

R — Hana, Mara, Mironovské, — Isolate alad\sllg_ima
Odra, Viginta G702 Hana, Mara
(cultivars with Lr 3) (14) eroﬁovska'
/ S — Odra
s Isolate 600
(cultivars {145aBa)
without 1B/IR)

S — Koditka, Vala, Regina, R — Zdar
Slavia, Zdar — Isolate MR-MS —
(cultivars without Lr 3) G702 Slavia, Vala,

(14) Kosatka
5 — Reg'na

1. Discrimination of winter wheat cultivars registered in Czechoslovakia based on
leaf and stem rust reaction of their seedlings (Stem rust isolate designated by G
and a number, leaf rust isolates designated by numbers; R — resistant, S — succep-
tible)
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The cultivars not having translocation 1B/IR can be further differ-
entiated by isolate 600(14SaBa). Cultivars Hana, Mara, Odra, Viginta
and Mironovskd (Mironovskaya 808) are resistant (possess Lr 3), where-
as Slavia, Vala, Regina, KoSitka and Zdar are susceptible. Stem rust
isolate G 702(14) enables further differentiation. Of the former sub-
-group of cultivars, Viginta is highly resistant, Hana and Mara medium
resistant, and Odra susceptible. Of the latter sub-group of cultivars,
Zdar is resistant, Slavia and Vala medium to highly resistant, Regina
susceptible.

A diagram of the identification of the winter wheat cultivars re-
gistered in Czechoslovakia by means of 2 leaf rust- and 1 stem rust
isolate is given in Fig. 1.

DISCUSSION

The genetic basis of leaf and stem rust resistance of the Czecho-
slovak cultivars registered at present enables to discriminate many
cultivars by their reactions to the selected isolates of leaf and stem
rust.

Simple discrimination of the group of wheats possessing 1B/1R trans-
location by means of isolate 243(77) can be of particular importance.
Translocation 1B/1R indicates almost in all cases a low baking quality,
ranging in the registered cultivars from 1 to 4, except Branka, classified
5. Branka can be easily distinguished from other cultivars with 1B/IR
translocation by its resistant reaction to isolate 628(61SaBa).

Reaction to two races can be examined simultaneously on single
plants, the top of the leaf being infected with one and the base with
another isolate. Thus the group of the cultivars with 1B/IR translocat-
ion, and out of them Branka, can be determined in a single test. This
simple technique also enables to reveal mixtures of cultivars with and
without 1B/IR translocation.

In most cases classification of infection types is very easy. Classific-
ation of the reactions may be uncertain in the cultivar KoSutka where
the range is from intermediate to susceptible and both types of reactions
often occur. Also the cultivars with Sr 29, (Hana, Mara, Vala, Slavia],
and the cultivars Mironovskéa (808) having Sr Tmp can also display
variable reactions to the stem rust isolates, and can be misclassified.
It is therefore advisable to test samples of the registered cultivars si-
multaneously as controls with the samples analyzed.

However, considering only differentation into two groups, low
quality wheats [(1—4) and medium to high quality wheats (5—9]),
critical rust reactions are stable and easily distinguishable. The same
is true of most of the cultivars of high baking quality (7,9), namely
Hana, Mironovskda, Mara, Odra, Viginta. Discrimination of the cultivars
Zdar, Slavia, Vala, KoSutka and Regina needs some experience and has
to be confirmed sometimes by tests with more various rust isolates.

Reactions to 5 leaf and 3 stem rust isolates (Tab. II) show the
possibilities to confirm cultivar identification by tests with other suit-
able isolates. The suggested isolates can be also replaced by other
suitable rust isolates that discriminate the genes summarized in Tab. I
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The collection of leaf and stem rust isolates is kept at the Research
Institute of Crop Production, Prague-Ruzyné and samples (except isolates
1943 and 1938 not available at present) will be supplied on request.
Samples can be stored for several months in refrigerator at 5—8°C or
for many years (over 10) in liquid nitrogen.

Seed samples treated with systemic fungicides effective against
rust cannot be analyzed by the method described above.
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BARTOS, P. — STUCHLIKOVA, E. — HANUSOVA, R. (Vyzkumny ustav rostlinné
vyroby, Praha - Ruzyné): Rozliseni odrud psenice podle jejich reakce ke rzim. Genet.
a Slecht., 25, 1989 (3) :239-244.

Odrudy pSenice ozimé povolené v scucasné dobé v Ceskoslovensku je mozZné roz-
délit do nékolika skupin podle reakce ve fazi 1-3 listu k vybranym izolatim rzi
pSeni¢né a rzi travni. K odliSeni odrud s translokaci 1B/IR s nizkou potravinai'skou
kvalitou postaci test jednim izolatem rzi pSeni¢né. Odruda Branka jako jedina z po-
volenych odrud, majicich translokaci IB/IR a stfedni kvalitu, miZe byt odlifena od
vSech ostatnich odrid s uvedenou translokaci testem jinym izolatem rzi pSenic¢né.

Triticum aestivum L.; rez pSenic¢na; rez travni; 1B/IR translokace; potravinarska
kvalita

BAPTOLW, N. — CTYX/IMKOBA, E. — TAHYLWOBA, P. (HayuHo-uccneapoBaTenbCKUin WH-
CTUTYT pacTeHuesoACTBa, para-PysbiHe): Pa3nnmuus cOpTOB niueHHUbl COrNacHoO MX peakuuu
x pxasumHam. Genet. a Slecht., 25, 1989 (3) : 239-244,

CopTa 03UMO# NWEHWUbl anpoBUpCBaHHbIE B HacTosduiee BpPemsi B YexoCnosBakMM MOXHO
pa3AenuTb Ha HECKOMbKO TPYMn COrnacHo peakuuu B ¢ase 1—3 NUCTOB K BbIGPaHHbIM
u3onsTam 6ypoit u CTe6nesoit pxasuuHbl, Jna pa3nuuua coptos C TpaHcnokauwen 1B/IR
C HM3KMM NUWENPOMbILINEHHBIM KayeCTBOM /J0CTaToOueH TeCT OAHUM W30NSTOM OypoW
pxaBuuHbl. Copt BpaHka, kak E€AWHCTBEHHbIH M3 anpoOGMpPOBaHHLIX COPTOB C TpaHCNOKa-
uvei 1B/1IR n cpepgHUM KaueCTBOM, MOXET pa3NuMuaTbCs OT BCEX OCTalbHbIX COPTOB C yKa-
3aHHOI TPaHC/NOKauWei TECTOM WHbIM M301aTOM Bypoit pxaBuuHbI.

Triticum aestivum L.; 6ypas pxasuuHa; 1B 'IR TpaHCnokauWu; NUWENPOMbIWNEHHOE Ka-
4yecTBO

BARTOS, P. — STUCHLIKOVA, E. HANUSOVA, R. (Forschungsinstitut fiir Pflan-
zenproduktion, Praha-Ruzyné): Differenzierung von Weizensorten anhand ihrer Re-
cktion gegeniiber Rostkrankheiten. Genet. a Slecht., 25, 1989 (3) : 239-244.

Die z. Z. in der CSSR zugelassenen Weizensorten konnen ihrer Reaktion in der Pha-
se von 1—3 Blittern gegeniiber ausgewihlten Isclaten des Braun- und Schwarz-
rostes nach, in mehrere Gruppen eingeteilt werden. Zum Auseinanderhalten von Sor-
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ten mit der Translokation 1B/IR mit niedrigem lebensmitteltechnologischem Wert
genligt der Test mittels eines Braunrostisolats. Die Sorte Branka, als einzige unter
den zugelassenen Sorten, die mit der Translokation 1B/IR und mittelmiiger Quali-
tét, kann von allen {ibrigen Sorten mit der angefiihrten Translokation durch einen
Test mit einem anderen Braunrostisolat auseinandergehalten werden.

Triticum aestivum L.; Braunrost; Schwarzrost; Translokation 1B/IR; lebensmittel-
technologische Qualitét
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VARIABILITY OF NITRATE CONCENTRATION IN FORAGE
OF LUCERNE AND RED CLOVER

0. Chloupek

CHLOUPEK, O. (OSEVA-Plant Breeding Station, Zelesice): Variability of Nitra-
te Concentration in Forage of Lucerne and Red Clover. Genet. a Slecht., 25,
1989 (3) :245-250.

Concentration of nitrates in the herbage of lucerne and red clover was investi-
gated in several localities, varieties and years. It was influenced first of all
by the age of plants (younger plants had mostly higher concentration), by the
site of growing and by mutual interaction. Percentage of non-genetic variability
of the total variability was predominant (95—99 /). The influence of the varie-
ties tested was significant in lucerne and in tetrapleid red clover even when their
percentage of the total variability was low (up to 2 Y. Tetraploid varieties of
the clover were characterized by higher concentration than the diploid ones.
Breeding of new varieties at plant breeding stations where all varieties tested
had a higher nitrate concentration (probably caused by higher N-fertilization),
resulted in a higher nitrate concentration of the new varieties bred there. We
recommend therefore lower N-fertilization at the plant breeding stations where
the new varieties are produced.

nitrates; forage; lucerne; red clover; genetic variability; breeding

Lucerne is grown in Czechoslovakia on about 330 thousand hectars
and red clover on about 350 thousand ha. About 100 kg nitrogen in
mineral fertilizers is used now on average per hectare, and therefore
the concentration of nitrates in all plants, including lucerne and red
clover, increases too.

The objective of this paper is to find whether plant breeding could
lower the nitrate concentration in forage of lucerne and red clover.

MATERIALS AND METHODS

Nitrate concentration in the herbage of lucerne (Medicago sativa 1.) and red
clover (Trifolium pratense L. was evaluated in experiments testing new varieties
in Czechoslovakia in recent years. Lucerne harvested in 1985 was grown at five
sites in three- or four year old stands and harvested three times each year. Fifteen
new varieties and a control variety were evaluated. In the next year (1986) lucerne
was grown at six sites in the sowing year and was harvested twice at three sites
and once in other three sites. Sixteen new varieties and the control variety were
tested.

The extent of experiments with clover is given in the Tab. I. Because of dif-
ferent numbers of cuts in experiments with clover in individual harvest years, aver-
age concentration from 1—3 cuts in individual years was used for evaluation.

Concentration of nitrate nitrogen (NO3;-—N) was determined, using ion-selec-
tive liquid electrode.
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I. Survey of experiments with red clover

J rarieti A
Exp. T Number of varieties Number Year of
No. of sites T
new controls sowing harvest
1 20 ] 8 3 3 1084 1985, 1986
2 2n 12 3 5 1985 1985, 1986
3 4n 2 2 1984 1985, 1986
4 4n 2 5 1985 1985, 1986
RESULTS

Analysis of variance (Tab. II) shows significant mean squares (MS)
of all evaluated factors (age of plants, site of growing, cuts, varieties)
and also of all (with one exception) interactions of the second and third
order of these factors. The greatest MS was found for cuts as its per-
centage of the total MS amounted 34.1 %. Nitrate concentration was
significantly different between all three cuts and reached in the first
cut 0.187 %, in the second one 0.064 % and in the third one 0.043 %
NOs3~-N. It was therefore nearly three timmes higher in the first cut than
in the second and more than four times higher in comparison with the
third cut.

The second significant factor was the age of plants the MS of
which amounted to 27.3 % of the total MS. While the concentration was
0.138 % in three-year-old plants, it was significantly lower in four-
-year-old plants (0.058 % ). The third and fourth factors participating in
the total MS were sites (11.3 %) and the interaction of second order
of plants age X cuts (also 11.3 % of the total MS). The highest con-
centration was found at the site Cej¢ (0.172 %), then followed Bucany
(0.139 %), Borovce (0.094 %), ZeleSice (0.048 %) and the last Libo-
chovice (0.037 %). All differences between the sites were highly
significant. ’

II. Variance analysis for concentration of nitrate nitrogen (.103) in dry matter of
lucerne (%)

i Source of variability = dF MS ’ Source of variability I dF I MS
1 a) age of plants 1 | 772683'* | b d 60 ] 565
| b) sites of growing 4 | 318792 | cxd 30 1131+
| ©) cuts 2 | 964827+ | axbxec 8 | 109424+
| 5 verteides | 15 | 1195+ | axbx 60 445
axb | 4 | 101046+ | avc-d 30 638+
axec | 2 | 319887++ | bxcwd 120 | 546
| axd ' 15 | 737" | error 120 1 366
J b e 8 | 237060 |
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Interaction of the second order of plants age with cuts influenced
the total MS at a level of 11.3 % as can be seen from the following com-
parison (% NO3~-N):

3 year-old plants 4 years-old plants
1st cut 0.278 0.096
2nd cut 0.086 0.042
3rd cut 0.050 0.036

The most important factor influencing concentration in the ex-
periment can be seen in the above comparison — it was the age of
plants. The younger the plants the higher was the percentage of
nitrates.

The total percentage of non-genetic factors, including interactions.
amounted to more than 99.9 % of the total MS observed in NO3 -N
concentration. MS for the tested varieties was also significant, but
their proportion of the total MS amounted to less than 0.0005 %. All
interactions of the varieties tested with non-genetic factors were lower
than 0.0005 %, too. Nine varieties (eight developed at ZeleSice and one
at Libochovice) had significantly lower concentration (0.085 — 0.097 %)
than other seven varieties (0.100 — 0.108 % ) which were bred at Borovce
(3 of them), BuCany (3) and Libochovice [1). The significant inter-
action of varieties with sites is very interesting in this comparison. As
stated above, forage from Borovce and BuCany contained more nitra‘es
than that from ZeleSice or Libochovice. The varieties developed at these
stations on soils probably rich in nitrogen contained more nitrates.
Substantially lower concentration of nitrates was found in forage of
all the varieties tested at ZeleSice and Libochovice, and therefore new
varieties developed there (especially in ZeleSice) contained significantly
lower concentrations of nitrates. This interaction of varieties with sites
gives evidence of great importance of ecology, especially of growing
technology for plant breading.

Similar results were also found in the second experiment with other
lucerne varieties in the sowing year (1986). Average concentration in the
whole experiment was 0:128 % NO3;~-N with significant differences
between sites, cuts and interactions but significant differences were not
found between varieties. The MS for varieties was less than 0.09 % of
the total MS in experiments cut twice and less than 0.34 % in expe-
riments cut only once.

In clover the average concentration in the sowing year was 0.110 %
NOs3~-N, in the second year 0.130 % and in the third one 0.082 % and
was therefore lower than in lucerne. Variability of the concentration was
controlled first all by non-genetic factors, primarily by the age of
plants (% NO3~-N):

1st year 2nd vear 3rd year
2n 0.110 0.130 0.082
4n 0.110 0.136 0.097

Tetraploid varieties contained more nitrates than the diploid ones.
The concentration was also influenced by sites and by the interaction
of age of plants X sites [Tab. III). Varieties were significantly different
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11I. Variance analysis for concentration of nitrate nitrogen (.105) in dry matter of
red clover (")

Sowing 1984 ‘ Sowing 1985
dF
2n 4n 2n 4n
a) age of plants 1 | 21 025++ 40334+ + ' 14 386" 54
b) sites of growing 1-4 ‘ 1946+ 4074 ¢ | 316447 2864+
c) varieties 4—14 162 83 | 61 151+
axb 1-4 2 175+ 4467+ | 6366 2636+
axc 4—14 160 7| 159 158+
| bxc 8-56 120 45 179 49
i error 8-56 134 43 121 39

t P<Q.05 ++ P <001

only in one experiment with tetraploid varieties. In the given case
a significant interaction of varieties with age of plants was found. The
total proportion of non-genetic influences in the four experiments was
93.3 — 99.5 and percentage of MS for varieties 0.2 — 2.5 % of the
total MS.

The influence of environment on the breeding process can be also
seen in experiments with clover. In the first experiment with tetraploid
varieties the concentration amounted to 0.154 % in new varieties,
0.128 % in controls, in the second experiment new varieties contained
0.112 %, controls 0.105 %. It can be assumed that the breeding of new
varieties was carried out in conditions with a higher rate of nitrogen
fertilization in comparison with the development of control varieties
bred before 1970. During that period the fertilization rates were only
about half the level used today.

DISCUSSION

Our results confirm the earlier ones (Smith, Sund, 1965) on
higher concentration of nitrates in forage of lucerne in comparison with
other leguminous fodder plants. We also confirm the findings about
higher nitrate concentration in tetraploid varieties in comparison with
the diploid ones (Mika, NaSinec, 1974). Our results correspond
with experiments in which predominant influence on non-genetic factors
on nitrate concentration was found (e. g. in potatoes it was fertilization,
the age of plants. etc., while the influence of varieties was small). The
studies are complicated in forage plants since older plants can be
harvested in the earlier stage of development and on the contrary —
— younger plants in a later stage of development. ,

Concentration of NOs;~-N in forage higher than 1.4 g/kg fi.e.
0.140 %) of dry matter can not be profitable (Kemp et al, 1978). In
our experiments this was found in lucerne at the site Cej¢ but it was
not found clover, even though in forage of tetraploid clover from Hladké
Zivotice it was 0.138 %. However, harmful concentration is 0.250 %
(Mika, 1985).
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Significant variation in nitrate reductase activity (NRA) was found
within, but not among 6 Medicago sativa populations. A quantitative
genetic study showed that general combining ability effects for NRA
accounted for 86 % of mean squares among crosses. High and low
NRA populations were developed by selection (Nelson, 1986).

Other possibility to lower the nitrate concentration in forage of
lucerne is breeding for higher symbiotic nitrogen fixation which lowered
it significantly (Chloupek et al., 1989).
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CHLOUPEK, O. (OSEVA-Slechtitelska stanice, ZeleSice): Variabilita koncentrace
nitratl v pici vojtésky a jetele luéniho. Genet. a Slecht., 25, 1989 (3) :245-250
Koncentrace nitrata v pici vojtésky a jetele lu¢éniho byla sledovana na vice lokali-
tach, odridach a letech. Byla predev§im ovlivnéna starim rostlin (mlads$i rostliny
mely vétSinou vy$si koncentraci), mistem péstovani a vzajemnou interakei téchto
vlivit. Podil negenetické proménlivosti na celkové promeénlivosti byl prevazujici
(95 — 99 %,). Vliv sledovanych odrid byl vyznamny u vojté§ky a u tetraploidniho
jetele luéniho, i kdyz jejich podil na celkové proménlivosti byl maly (do 2%y). Tetra-
ploidni odrtdy jetele mély vyssi koncentraci nez diploidni odrudy. Slechténi novych
odrud na Slechtitelskych stanicich, kde vSechny sledované odridy mély vys$si koncen-
traci nitrata (pravdépodobné v dusledku vyssiho dusikatého hnojeni v osevnim; po-
stupu), se projevilo ve vy$8i koncentraci nitrati ve zde vySlechténych odrudach.
Doporuc¢ujeme proto nizsi dusikaté hnojeni na Slechtitelskych stanicich, kde se Slech-
ti vojtéska a jetele.

nitraty; pice; vojtéska; jetel luéni; geneticka variabilita; §lechténi

XNOYNEK, O. (OCEBA — CenekuynoHHas cTtaHuua, Xenewwuue): M3MEHUMBOCTL KOH-
UeHTpauun HUTpaToB B chypaxe NOUEPHbl u kpacHoro knesepa. Genet. a Slecht., 25, 1989
(3) :245-250.

STy KOHUEHTPauWio ONpeAensNv Ha MHOTMX MECTax M COpTax, B pasHble roabl. KoHueHTpa-
Uus paHa, rnagHoe, BO3PacCTOM pacCTeHWi (y MONOAbIX OHa BbilWE), MECTOM BbipawMuBaHUA
W B3aUMOAEUCTBUEM I3TUX BNUAHMK. Jlons HEreHeTMYeCKON M3MEHUMBOCTU B OOWENH WU3MEH-
uMBoCT npeoGnagaer (95—99 9/). BausHue u3yuyaembix COPTOB 3HAUUMOE M Yy MOUEPHbI,
M y TeTpaninougHOro kneeepa, XOTs WX yuacTue B o6uwleit uameHuusocTu cnaboe (a0 2 %).
B TeTpannomaHbix copTax kNesepa KOHUEHTpauus 6Gonbuie, UeM B AUNAOMAHBIX. Cenekuus
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Ha CTaHuusaXx, rae BCe MpOCNEeXHBaeMble COpTa COAepXanu MHOro HWUTpaToB (BEpOSTHO,
M3-3a NOBbIWEHHbIX a30THbIX HOPM B CEBOOOOPOTE), NPOSBMNACb B POCTE KOHUEHTpauuu
HUTPaTOB B BbIBEAEHHbIX 34eCb copTaX. [M03TOMYy pekoMeHAyeM noHuxaTb HOPMblI a30T-
HOro yAOGpEeHUs Ha Tex CTaHUMAX, rae CeNneKyUMoHUPYIOTCA KNeBep U NOUEpHa.

HUTpaTbl; ypax; NOUEpHa; KPaCHbIA KNeBep; reHeTuyeckas M3MEHUMBOCTb; CEnekuus

CHLOUPEK, O. (OSEVA-Ziichtungsstation, ZeleSice): Variabilitit der Konzentration
von Nitraten im Luzerne- und Rotkleefutter. Genet. a Slecht., 25, 1989 (3) :245-250.

Die Konzentration der Nitrate im Luzerne- und Rotkleefutter wurde auf mehre-
ren LoKalitdten, in mehreren Sorten und Jahren untersucht. Sie wurde vor allem
vom Alter der Pflanzen (jlingere Pflanzen wiesen lGberwiegend eine hohere Konzen-
tration auf), vom Anbauort als auch von der Wechselwirkung dieser Einfliisse beein-
flusst. Der Anteil der nichtgenetischen Verinderlichkeit an der Gesamtverdnder-
lichkeit war tiberwiegend (95 — 99 Y%;). Der Einfluss der untersuchten Sorten war
bei der Luzerne und dem tetraploiden Rotklee bedeutend, obwohl ihr Anteil an
der Gesamtveridnderlichkeit nur gering war (bis 29,). Die tetraploiden Kleesorten
wiesen eine hohere Konzentration als die diploiden Sorten auf. Die Ziichtung neuer
Sorten auf Ziichtungsstationen, wo alle untersuchten Sorten eine hohere Konzen-
tration von Nitraten (wahrscheinlich infolge einer hoheren N-Diingung in der
Fruchtfolge) aufwiesen, fand in einer héheren Konzentration von Nitraten in den
hier herausgeziichteten Sorten ihren Niederschlag. Wir empfehlen deshalb eine nie-
drigere N-Diingung auf den Ziichtungsstationen, wo die Luzerne und der Wiesen-
klee geziichtet werden. :

Nitrate; Futter; Luzerne; Rotklee; genetische Variabilitidt; Zlichtung
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OPTIMUM CONDITIONS FOR IN VITRO CULTIVATION
OF LUCERNE SEEDS

L. Rauscherova, J. Hofbauer

RAUSCHEROVA, L. — HOFBAUER, J. (Institute of Systematical and Ecological
Biology, Czechoslovak Academy of Sciences, Brno; Research and Breeding In-
stitute for Fodder Plants, Troubsko): Optimum Conditions for in vitro Cultiva-
tion of Lucerne Seeds. Genet. a Slecht., 25, 1989 (3) : 251-256

The possibilities of in vitro cultivation of lucerne seeds- were tested using ma-
terial originating both from field conditions and from growth chamber. After
pollination, excised flowers with stems of the minimum length of 5 cm were
cultivated in 25ml flasks containing nutrient solutions. Cultivation was carried
out under controlled conditions using growing chambers (16 klux, tempera-
ture 26/16 °C and 16 h day). Analyses of nutrient media for the cultivation of
lucerne seeds showed that solutions containing only mineral substances were
quite insufficient; on the other hand, solutions containing 29/, of sugars (gluco-
se, fructose and saccharose) were very suitable. Mixtures of lower sugars show-
ed no markedly higher effect. Two-per-cent solution of honey which was used
to replace the mixture of sugars was also insufficient. The decomposition was
not prevented by the supplement of 6-hydroxiquinoline citrate (0.6 %) to the
medium. On the contrary, the dipping of stems in a solution of AgNOs (1000
ppm) for 30 s to 1 myin proved suitable for further cultivation. It is possible to
conclude that this in vitro method can be used in breeding practice.

Medicago sativa L.; in vitro cultivation; solutions; flowers

The use of the method of in vitro cultivation of lucerne seeds is very
promising above all for breeding practice expecially when producing
the seed material. In this way it is possible to obtain seed material on
a relatively small area even under unfavourable conditions or outside
the growing season. Laboratory conditions (or controlled conditions of
growing chambers) eliminate at the same time unfavourable factors
during the period of pod formation and seed ripening.

The in vitro method has been used, and also patented, to cultivate
ears of cereals (Smocek, Psotovd 1981). It was tested also in
other fodder crops, above all in genotypes of grasses (Fojtik, et al,
1987) and clovers (Battle, 1949).

For lucerne this method has not been elaborated yet, and it should
be said that more frequently used is the method of tissue culture for
the cultivation of unripe embryos. However, the laboriousness of this
method as well as the necessity to use sterile conditions limit a little
its wider use (Wang et al, 1984). The same also applies to the method
described by Li et al. (1986). For that reason we have tried to cultivate
isolated flowers of lucerne under laboratory conditions.
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MATERIALS AND METHODS

Experiments were carried out under controlled conditions in a growing cham-
ber at the temperature 26 °C/16 °C; the length of the day was 16 h and the intensity
of illumination 16 Kklux. Samples of the material were taken either in field experi-
ments or from plants, grown as water cultures in the growing chamber (Rausche-
rova Hofbauer 1983).

In the period of flowering, racemes with a stem at least 5 cm long were separa-
ted from plants and transferred into the nutrient solution in flasks with the volume
of 25 ml. Each treatment involved 20 racemes and was repeated three times. Flowers
were pollinated by hand; if the lower flowers were already opened, they were re-
moved.

The following characteristics were evaluated the number of young pods (on the
6th day), numer of ripening pods (on the 14th day), number of persisting flowers
which failed to form pods, and the number of shed flowers. Using these data, per-
centages of shedding and fertility (i. e. of produced and ripened pods) were calcu-
lated, in all cases, for the total number of flowers per raceme.

RESULTS AND DISCUSSION

The composition of nutrient solutions is one of the cardinal
problems of the use of in vitro methods. These media are based either
predominantly on mineral substances or on relatively high concentrat-
ions of sugar (Goral, Spiss, 1982). The aim of this study was to
find the most suitable composition of nutrient solution for the cultiv-
ation of lucerne seeds.

We tested media based on macroelements (i.e. Hoagland’s and
Richter’s nutrient solution) in normal and doubled concentrations and
on individual microelements and their mixtures (according to Hoagland)
in two-fold to five-fold concentrations. Concentrations of sugars were
tested within the range from 1 to 6 % either individually or in a mixture;
a 2-per-cent solution of honey was also used.

We tested also some recommended media (Demarly, Chez-
neaux etal, 1964; Goral, Spiss, 1982; Wang et al., 1984) and
our modifications, which were based on different concentrations of
sugars mixed with Hoagland’s nutrient solution of macroelements and
some microelements (mainly boron and zinc) in different concentrations
up to 1 mg/l. The potato extract (starch) and 2-per-cent honey solution
with the admixture of 0.6 % 6-hydroxiquinoline citrate were tested as
well. To reduce the infection of stem bases a solution of AgNOs was
used in concentrations of 100 to 1,000 mg/l. Stem bases were dipped
in this solution for 30 s to 10 min or it was added as one drop into the
medium (in 100 ppm concentrations). Some minerals showed no effect;
this is true, above all, of the different concentrations (1 to 5 mg/l) of
Ca and K, which we expected to be associated with the shedding of
generative organs.

Owing to the great extent of experiments only some results are
presented. In Tabs. I and II, individual nutrient solutions are compared,
which were used for the cultivation of seeds using the in vitro method.
Percentages of pods produced from the total number of flowers within
the 6th to 14th day after the pollination of clones, cultivated in garden,
are given in Tab. I, and those of the cultivar Palava cultivated in water
culture under controlled conditions in a growing chamber are given
in Tab. II.
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I. Average percentages of pods produced (field conditions)
Material-clone No. 7
Solution Concentration 6 diy 14th day
% of pods % of pods
Water - 3.1 ? 2.1
Richter 1 % 3.9 [ 2.3
Demarly 1 x 4.0 ‘ 2.0
Glucose 19% ; 29.1 | 21.5
Glucose 2 95 } 44.0 i 28.0
Glucose 4 % | 26.4 | 29.7
Saccharose 1% 18.1 ' 11.8
Saccharose oL }r 31.6 ‘ 20.2
Fructose 1% | 33.7 | 18.2
Honey 2 o 31.6 —
Microelements 1 ppm ‘
B + Mo + Mn + Zn 0.1 ppm Mo 8.7 l 6.8
II. Average percentages of pods produced (growth chamber)
cv. Palava
Solution Concentration 6th day 14th day
% of pods % of pods
Water - 2.8 4.5
Hoagland 1 x 3T 3.9
Glucose 1194 52.8 45.8
Glucose 2% 52.1 46.3
Glucose 49, 26.4 29.7
Saccharose 2% 31.6 38.3
Fructose 1% 54.1 42.0
Glu + starch 2% +2% 14.3 —
; Glu + B 2% -+ 1ppm 10.2 49.7
| Glu + Zn % -+ 1 ppm 27.4 27.9
| Glu + Hoagl. 25% +259% 239 27.0
i Glu + Hoa + B 2% +1% + 1ppm 9.0 12.5
| Glu + Hoa + Zn 2% + 1% + 1 ppm 12.7 11.5
l Honey 2% 215 —
[ Honey -+ AgNO . 29 + 100 ppm 19.1 -
’ Honey + AgNO; 2% +15m 38.6 -
) Honey + HQC +
+ AgNO3 2 9% + 100 ppm 3.7 -
| Honey + B % - 1 ppm 1.0 —
i Starch 2% — —
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Data presented in Tabs. I, II demonstrate that solutions containing
only mineral substances are quite insufficient for the cultivation of
racemes. On the other hand, 2-per-cent solutions of sugars were suitable;
* they were satisfactory even under conditions of reduced light intensity
(Hofbauer et al, 1985). High concentrations (6 % of sugars: G o -
ral, Spiss, 1981) were also unsuitable.

Similarly, treatment with a mixture of sugars in different ratios
showed no marked effect on the number of pods produced. Although
a 2-per-cent solution of honey as a replacer for the mixture of sugars
was sufficient for the nutrition, it is necessary to say that a decomposit-
ion of this solution took place during the cultivation associated with
necroses of stem bases and with infections; the addition of AgNOs or
6-hydroxiquinoline citrate to these solutions did not prevent a blockade
of conductive bundles as was the case when these compounds were
used to prolong the viability of cut flowers. Chemicals, which are used
to prolong the durability of cut flowers, delay the closure of vascular
bundles in stems or control the transpiration, and for that reason they
are not suitable for in vitro cultivation of lucerne flowers. Their applic-
ation resulted not only in a prolongation of the time of flowering (by
3 days) but also in a decrease in the number of pods produced. The
expected effect, i. e. preventing of shedding, was manifested in flowers
which remained in racemes after getting dry; they did not develop into
pods. Dipping of the bases in AgNOs solution for 30 s to 1 min (con-
centrations of 1000 ppm and 100 ppm, respectively) seemed to be more
suitable. The medium recommended for white clover (Goéral, Spiss,
1982) was not suitable in our experiments even after modification.
Similarly, a starch solution (Wang et al, 1984) gave also unsatis-
factory results; it was quite insufficient for nutrition, and decomposed
rapidly during the experiment.

Sugar solutions remain a very suitable source of energy for meta-
bolic processes in plants. They may be also combined with growth
regulators which can show a positive effect not only on the course of
pollination and pod formation but also on the subsequent development
of seeds. Effect of the application of these substances will be studied
in our further experiments.

The method of in vitro cultivation of lucerne may be used above all
in the breeding practice to obtain seed material. A great advantage is
the possibility of rapid cultivation of seeds under laboratory conditions
when it is not necessary to cultivate whole plants. This method seems
to be suitable also for studies of causes of the shedding of generative
organs although the situation in isolated racemes is considerably
different from that of whole plant.

References

BATTLE, W. R.: Seed production on excised red clover stems. Agron. J., 1949, pp.
141-143.

DEMARLY, Y. — CHEZNEAUX, M. T.: La culture de la luzerne on condition arti-
ficielles. Ann. Amélior. Pl., 16, 1964, No. 3, pp. 299-305.,

FOJTIK, A. — HORAK, J. — CERNOCH, V.: Metoda kriZeni a dopéstovani semen
na odriznutych stéblech nebo lodyhach (in vitro) u nékterych druht picnin. In: Sbor.
véd. Praci VSUP, Troubsko, 1987, No. 10. pp. 43-51.

254 GENETIKA A SLECHTENI — 1989



GORAL, H. — SPISS, L.: Kontrolowane zapylenia Koniczyna bialej w warunkach
laboratoryjnych. Zesz. nauk. Akad. poln. Krakow., 167, 1982, pp. 39-50.

HOFBAUER, J. — HRUSKOVA, H. — RAUSCHEROVA, L.: Optimalni podminky
pro vyvoj a rust vojtésky a jetele. [Final Report.] VSUP, Troubsko 1985.

LI, X. — TEOULE, E. — DATTEE, X. — DEMARLY, Y.: Régénération de plantes
aprés culture d’inflorescence in vitrochez Medicago lupulina L. C. R. Acad. Sci., 303,
1986, No. 13, pp. 601-606.

SMOCEK, J. — PSOTOVA, L.: Vhodny roztok pro dopéstovani klast na odfriznutém
stéble. Genet. a Slecht., 17, 1981, No. 4, pp. 309-311.

RAUSCHEROVA, L. — HOFBAUER, J.: Vyziva vojtés§ky na semeno v fizenych pod-
minkach. Rostl. Vyr., 29, 1983, No. 9, pp. 897-902.

WANG, J. W. — SORENSEN, E. L. — LIANG, G. H.: In vitro culture of pods from
annual and perennial Medicago species. Pl. Cell Repts, 3, 1984, pp. 146-148.

Received for publication January 30, 1989

RAUSCHEROVA, L. — HOFBAUER, J. (Ustav systematické a ekologické biologie
CSAV, Brno; Vyzkumny a S$lechtitelsky ustav picninaisky, Troubsko): Optimdlni
podminky pro dopéstovdni semen vojtésky metodou in vitro. Genet. a Slecht., 25,
1989 (3) :251-256.

Pouziti metody in vitro u vojtéSky umoznuje rychlé dopéstovani a ziskani semen
v laboratornich podminkdach. PiedloZena prace shrnuje vysledky poétu nasazenych
a dozravajicich luskt (v prepoc¢tu na celkovy pocet kvétt v hroznu). Mnozstvi na-
sazenych lusku slouZi pro srovnani vhodnosti Zivnych roztoki (médii) pii dopésto-
vani semen vojtéSky. Dopéstovani semen bylo ovéieno na materidlu z polnich pod-
minek i r'izenych podminek fototronu. Odriznutd kvétenstvi s kvétni stopkou o dél-
ce nejméné 5 cm byla po opyleni dale kultivovdana v Zivnych roztocich v klimatizo-
vanych komorach pti 16 klux, teploté 26/16 °C a 16hodinové délce dne v 25ml ban-
kach. Zhodnoceni vhodnosti médii pro dopéstovani semen vojtésky prokazalo, ze
roztoky sloZzené pouze z mineralnich latek jsou nevhodné a pro dopéstovani kvéta
zcela nedostateé¢né, vhodné jsou naopak 2 roztoky cukri. Smési jednotlivych cuk-
ra nemély vyrazné vys$si efekt. K zastaveni mikrobiélni ¢innosti bylo vhodné kratko-
dobé (30 sekund az 1 minuta) maceni stopek v roztoku AgNO3 (1000 ppm). VyuZiti
metody in vitro 1ze ocekéavat ve &lechtitelské praxi.

Medicago sativa L.; kultivace in vitro; roztoky; kvéty

PAYLUEPOBA, 1. — FOMBAYEP, . (MHCTMTYT CHCTEMaTHUECKOW M €eKONoruueckoi 6uo-
nornu YCAB, BpHo; HayuHo-uccneaoBaTenbCKMii U CENEeKLUOHHbIA MHCTUTYT KOPMOBOACTBA,
Tpoy6cko): OnTUmansHble YCNOBUSI AN AOPauiMBaHUs CEMsIH NIOUEPHbI METOAOM in vitro.
Genet. a Slecht., 25, 1989 (3) : 251-256.

Mcnonb3osanne MeTopa in vitro y NOUEpHbl AaeT BO3MOXHOCTb GbICTPOro AopaliMBaHuUs
W NOMyueHWs CEMsiH B NnabopaTOpHbIX YCNOBUSX. ABTOPbI NPEANOXEHHOW paboTbl NOAbITO-
XWBAIOT pe3ynbTaTbl uMCna 3aBA3aHHbIX WM co3pesBalwmx 6o6oB (B nepecuete Ha obuiee
UMCNO UBETKOB B KUCTH). Konuuectso 3aBsi3aHHbIX GO60B CNYXUT CPaBHEHWIO NMPUroAHOCTH
nuTaTenbHbIX pacTBOpPoB (Cpea) npu AopawMBaHUM CeMsH niouepHbl. JopawuBaHue ce-
MSIH NPOBEPANOCh Ha MaTepuane, NPOUCXOAALEM W3 MONEBbIX YCNOBUM U (PUTUTPOHA C KOH-
AUUMOHUpOBaHUeM Bo3ayxa. CpesaHHbie COUBETUSI C UBETOUHbIM UEPELIKOM ANWHOW MeHblie
BCero 5 CM nocne OnNbINEHWs KYNTUBUPOBANM B MUTATENbHbIX PacTBOPax B KOHAULMOHWUPO-
BaHHOW kamepe npu 16 knk, Temnepatype 26/16°C u npu 16 uacoBoit AnuHe B 25 Mn-
-konhax. OueHka NpPUroaHOCTH CpeA ANUHbI AOpawMBaHUs CEMsiH NlOUEepHbl noaTBepAauna,
UTo PpacTBOPbLI, COCTOSIWMUE TONbKO M3 MMUHEpanbHbIX BELeCTB, SIBASIOTCS HEnpuropHbiMK
M ANs AOpawMBaHUs LBETOB BNOAHE HEAOCTATOUHLIMM, NPUrOAHLIMU, HAao6OPOT, ABASKKOTCS
pactsopbl caxapos B 20/,-Hoi koHueHTpauuu. CMeCHU OTAENbHbIX CaxapoB He oOka3anu 3a-
MeTHO BbiCwero addekTa. [ns npekpauieHus MUKpoGManbHOW AESTEeNbHOCTU 0Ka3anochb
npuroaHbiM KpaTkocpouHoe (30 cex — 1 MMH) 3amMauMBaHWe Uepeuwkoe B pacTsope
AgNOs (1000 ppm). Mcnonb3oBaHue MeToAa in Vitr0 BO3MOXHO OXMAATb B CENEKUWUOH-
HOW NpaxKTUKe. ’

Medicago sativa L.; KynbTuBauus in vitro; pactsopbl; 4BETbl
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RAUSCHEROVA, L. — HOFBAUER, J. (lastitut fiir systematische und &kologische
Biologie der Tschechoslowakischen Akademie der Wissenschaften, Brno; OSEVA-
Forschungs- und Ziichtungsinstitut flir Futterpflanzenbau, Troubsko): Optimale Be-
dingungen des Laborbaus wvon Luzernesamen mittels in vitro-Methode. Genet. a
Slecht., 25, 1989 (3) : 251-256.

Die Anwendung der in vitro-Methode ermoglicht bei der Luzerne ein rasches
Aufziehen und die Gewinnung von Samen unter Laborbedingungen. Die vorliegende
Arbeit fasst Ergebnisse der Zahl der angesetzten und reifenden Hiilsen (in Umrich-
nung auf die Gesamtzahl der Bliiten in der Traube) zusammen. Die Zahl der an-
gesetzten Hiilsen dient als Masstab beim Vergleich der Geeignetheit einzelner Ndhr-
16sungen (Medien) beim Laborbau der Luzernesamen. Der Laborbau des Samen
wurde an Material sowohl aus Feld- als auzh aus gesteuerten Phytotronbedingungen
uberpriift. Abgeschnittene Bldtenstinde mit BEliitenstiel von mindestens 5 em Léange
wurden nach der Bestiubung in Nihrlosungen in klimatisierten Kammern bei 16
klux, einer Temperatur von 26/16 ° C und 1l6stiindiger Tageslinge in 25-ml-Kolben
weiter kultiviert. Eine Beurteilung der Geeignetheit einzelner Medien fiir die Kulti-
vierung der Luzernesamen ergab, daf ausschlieBlich aus mineralischen Substanzen
zusammengesetzte Losungen ungeeignet und fiir das Aufziehen von Bliiten villig
unzureichend sind, wihrend sich dagegen 2 9ige Zuckerlésungen als gut geeignet er-
wiesen. Mischungen einzelner Zucker wiesen keinen markant hoheren Effekt auf.
Zur Einstellung der mikrobiellen Titigkeit erwies sich ein kurzes (30 Sekunden bis
1 Minute) Eintauchen der Stiele in eine AgNOs-Losung (1000 ppm) als angehracht.
Ein Einsatz der in witro-Methode ist in der =ziichterischen Praxis zu erwarten.

Medicago sativa L.; Kultivation in vitro; Losungen; Bliiten
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GENOTYPE DIFFERENCES IN ECONOMICALLY IMPORTANT
TRAITS OF TWO- AND SIX-ROW WINTER BARLEY

J. Spunar, K. Vaculova, M. Zavadil

SPUNAR, J. — VACULOVA, K. — ZAVADIL, M. (OSEVA - Cereal Research
and Breeding Institute, Kroméiiz): Genotype Differences in Economically
Important Traits of Two- nad Six-row Winter Barley. Genet. a Slecht., 25,
1989 (3) :257-262

Two years experiments performed in Kromériz in 1987—1988 showed that yield
potential of the six- and two-row cultivars and new-bred lines of winter
barley are at about the same level. Erfa represented the most productive six-
-row cultivar, Flamenco was the best one among the two-row cultivars. No
considerable difference was found between the six- and two-row cultivars even
in other economically important traits, such as winterhardiness or resistance
to lodging and diseases. The two-row barleys were superior in the thousand
grain weight (by 10 g) and in proportion of grain above 2.5 mm mesh sieve (by
20 "y). They do not meet, however, the present demands of malting industry
in Czechoslovakia, owing to their protein content above 119, and extract con-
tent below 80 %,. The line KM 948, however, proved superior to the most pro-
ductive cultivar Flamenco, and — with respect to the parameters of malting
quality — to Kaskade cultivar. Further aspects of utilizing the 2-row winter
barley are discussed.

winter barley; yield; yield components; quality

Winter barley attracted the attention of Czechoslovak agricultural
practice in 1976—1988 for economic, agronomic and organizational
reasons. Six-row winter cultivars are the only winter barleys to be grown
on a large scale at present. Two-row winter barley of both fodder
and malting types can be expected to spread wider in the future.
These tendencies are marked in the countries of West Europe (Schild-
bach, 1986a).

The aim of the presented contributions is to compare the results
concerning the yield potential of six- and two-row winter barleys and
the malting parametrs of two-row spring and winter barley, obtained
in experiments performed in 1987—1988 in Kromériz.

MATERIALS AND METHODS

The genotype differences were evaluated in performance tests which were
established in Kromériz with 4 replications in 1987 and 1988. Seeds were sown
within the agronomic term on September 25, 1986 and September 28, 1987. The fer-
tilizer was applied before sowing at rates of 54 kg N, 72 kg P20s5, 100 kg K:20.

The following cultivars were tested in both years: Alraune, Kaskade, Flamenco
(two-row), Erfa and Borwina (six-row). The new-bred lines of two-row barley were
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also tested — KM 60, KM 61 in 1987, KM 948 and KM 1055 in 1988. KM 60, KM 61
were excluded from testing in 1988 for poor results in interstational trials.

The origin of the new breeding lines:

KM 60 — Erfa X Br 8 KM 948 — Co 80 201 X Pan
KM 61 — Kaskade X Co 80 201 KM 1055 — Co 80 201 X Dorad

The sowing rate was the same for all genotypes, i. e. 4 mil. germinable seeds.
All genotypes were treated with Baytan Universal at a rate of 150 g per 100 kg of
seed.

The protein and extract contents of two-row cultivars and new-bred lines
were determined by standard methods at the Cereal Research and Breeding Insti-
tute, Kroméiiz. Malting parameters were compared, using the Rubin and Zenit cul-
tivars, which were grown in these years as standards in the spring barley perfor-
mance tests after sugar beet as forecrop. The course of weather is given in Fig. 1,
in comparison with long-term means.

RESULTS

As follows from Tab. I. the yield potentials of the two- and six-row
winter barleys are about the same. Erfa was the most productive
cultivar on an average of the two years. As concerns the two-row
cultivars, the yields of cv. Flamenco were close to those of cv. Erfa. No
statistically significant yield differences were recorded hetween the
cultivars. The number of fertile tillers and the thousand grain weight
showed the most pronounced differences within the yield components.
While Erfa had 608 ears on an average of two years cv. Flamenci
produced 812 ears. The difference in the thousand grain weight between
six- and two-row barleys was 9.2 g in 1987 and 11.0 in 1988; this was

I. Comparison of yield components in six- and two-row winter barleys in per-
formance tests, Kromériz 1987—1988

1987 1988

Cultivar Yield Ng‘er:" 1000 gg“,‘; Yield Ng‘;" 1000 Sb‘:“,‘;
= i of fert. grlalgt 2.5 mm 7 5 of fert. vgé‘?lgt 2.5 mm

I t/ha /0 stems | VEI8 sieve t/ha 70 stems g sieve

‘ =

Erfa 8.23 | 592 432 | 812 | 8.16 l 624 38.9 72.8

| Borwina 772 | 576 42.2 79.2 | 7.87 | | 668 41.4 82.8
x 7.97 | 100.0 ‘ 584 42.6 | 80.2 | 8.01 | 100.0 646 40.1 77.8
Alraune | 7.88 98.8 880 52.6 91.1 8.19 | 102.1 736 49.1 92.5

Kaskade | 7.36 @ 92.2 712 463 | 913 | 7.18 | 895 752 47.7 | 92.8
Flamenco 7.88' 99.8 872 53.8 91.6 | 8.23 | 102.6 744 53.5‘ 94.0

KM 60 735 | 98.9 | 912 | 57.1 | 95.4 1
‘ ‘
KM 61 7.25 | 90.9 | 848 | 48.1 @ 84.6 l
KM 948 ‘ j 8.22 | 1025 | 712 | 553 | 96.8
| KM 1055 777 | 96.9 | 752 | 50.0 | 94.0
|
Iz | 754 | 946 | 845 | 51.8 | 904 | 791 | 988 | 740 51.1 | 94.0
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II. Comparison of resistance to lodging and diseases in six- and two-row winter

barleys
1987 1988
Resistance to Resistance to
Cultivar 2 - N =
d O ) o ! '8 &n I !
o | B8g | & 32 g e | 5| & s EZ S
E® E9| & [B3| 5 |ESslE® | ES | & |E2| 4 |E8s
o =] A 5| 80 | B H S
ns |BE| S 2 E g |Na8| o |BE| 8 a8 B |88
Erfa (104 8| 8| 8| 7] o ]1ws]| o] 3| 5| 7]s
Borwina | 102 | 9 8 709 9 | 99| 9 2 6 1 7 7
Alraune | 100 | 9 8 7 9| 9 | 9| 9 9 5 g 8
Kaskade 101 | 8 7 6 o | o |10/ o 7 | 5 | 8 8
|
Flamenco ; 110 9 6 7 9 { 9 ’ 106 9 9 | 4 ‘ 8 8
KM60 | 112| o9 8 7 9 | 9 | i |
KM61 | 109 | 9 | 8 8 o | 9 | | f
KM 048 | ‘ | 104 9 | |8 8
KM 1055 | | | o o | 8 | 8

also associated with an increased proportion of grain above 2.5 mm in
size, which was by 10—16 % better in the two-row cultivars.

Tab. II shows that results obtained in yield and yield parameters
were conditioned by stabilizing yield factors. In both years there were
no differences between six- and two-row genotypes in winterhardiness
and resistance to lodging and diseases.

As follows from Fig. 1, winter temperature of both years were above
the long-term mean, which enabled good overwintering especially for
which normally have a lower interhardiness.

the two-row genotypes,

Lodging resistance was better in the two-row barleys than in the six-row

1I1. Basic parameters of malting quality in two-row winter barleys

1987 1988
Cultivar Protein Starch Extract cigit:t Protein Starch Extract g(:::::'t
content | content | content s content | content | content g
45 °C 45 °C
Alraune 11.1 61.1 78.0 31.1 12.2 61.8 78.8 49.4
Kaskade 12.1 62.4 80.4 37.1 13.2 62.2 78.2 42.7
KM 60 12.7 61.0 78.2 38.3
KM 61 112 60.7 78.1 35.2
KM 948 12.0 60.3 79.6 42.6
KM 1055 12.5 60.7 78.9 41.9
Rubin 10.5 63.5 81.2 37.4 11.0 64.0 82.3 51.9
Zenit 11.3 62.4 77.4 36.2 11.7 62.2 81.0 42.5
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Precipitation Temperature
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1. Course of temperature and precipitation in Kromériz 1986—1988 in comiparison
with long term average 1950—1985

ones in 1988. This was due to increased number of fertile tillers above
the value of 600, which is optimal for the cultivars of “ear type”,
represented by Erfa and Borwina.

Tab. III gives the basic parameters of malting barleys. The results
show that no genotype of the two-row winter barley can compare
with the top-quality spring malting barley cultivar Rubin. The winter
barleys tended to increased protein content and reduced content of
starch which was manifested in reduced extract. Winter barley modific-
ation was worse: it showed a reduced proteolytic activity, as proved by
the values of RE 45°C. Some winter barleys, especially the Kaskade
cultivar, had the same or even- better level not only of this trait but
also of starch and extract contents, in comparison to the medium-quality
malting cultivar Zenit.
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DISCUSSION

The area of winter barley in Czechoslovakia increased from 16,000
ha to 200,000 ha during the period 1976—1988. Although the mean yield
of the six-row winter barley was higher by 0.5 t/ha in comparison with
spring barley in this period, there are problems of the quality of pro-
duction. Therefore, the possibility of growing two-row barleys is assessed
in Czechoslovakia.

The results of growing two-row winter barleys are considerably
variable in the European continent. For example, Wustrack (1988)
assumes that the two-row winter barley will be grown in GDR only for
malting purposes because the contemporary cultivars and new varieties
have a yield potential representing 90—92 % of that of the six-row
barleys. According to Demontis (1982), two-row winter barley has
a higher yield potential in South Italy, six-row barley in the North, in
fertile lowlands along the Po. The results of EBC (Anonym, 1987)
show that in 1986 there was no yield difference between two- and six-
-row winter barleys in FRG, six-row barley was by 2 t/ha more productive
in France, and two-row barley was better — on the contrary — by
0.2 t/ha in Hungary. Only two-row winter barley is grown in Great
Britain. Wicke (1988) asserts that 25 % of malt came from the
winter barley in EBC countries. The main disadvantages of the two-row
winter barleys, concerning malting quality, are the reduced extract
content (by 2—3 %) and increased protein content (by 1—2 %), in com-
parison to the quality spring malting barleys (Schildbach, 1986b).
This was confirmed by our experiment, too.

Aufhammer (1984) and Hlavinkova (1986), however,
found in FRG and Czechoslovakia, respectively, that there were no
significant differences between the Kaskade and Kordl cultivars in
selected areas. From the standpoint of brewing, the winter barleys
have undesirably increased viscosity of wort, which consequently has
a negative effect on the time of straining, beer stability, colour and
durability of foam (Schildbach, 1986).

Jestin (1986), Narziss et al. (1987) proved that new lines,
tested in France and FRG. were quite close to peak parameters of spring
barley.

Lelong (1978), Vaculové& (1988) found that there were no
significant differences in feeding quality between winter and spring
two-row barleys; however feeding quality can be expected to be higher,
owing to the tendency to increased protein content.

Although the climatic and soil conditions of Central Europe are
considerably different from the main growing regions of two-row winter
barley, this crop deserves increased efforts of genetic-breeding resear-
chers and breeding in Czechoslovakia.
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SPUNAR, J. — VACULOVA, K. — ZAVADIL, M. (OSEVA - Vyzkumny a $lechtitel-

sky ustav obilnarsky, Kromériz): Genotypové rozdily v hospoddisky dulezitych zna-
cich 2-tfadého a 6-tfadého ozimého jeémene. Genet. a Slecht., 25, 1989 (3) :257-262

zZe vynosovy potencial 6-radych a 2-radych odrud a novo$lechténi je¢mene ozimého
se vyrovnava, Z 6-radych byla nejvynosnéjsi odrida Erfa, z 2-radych odruda Fla-
menco. Mezi 6-fadymi a 2-fadymi nebyl zjistén vyznamny rozdil ani v dalSich hos-
podarsky dulezitych znacich jako zimovzdornost, odolnost k poléhdani a chorobam.
Dvouradé je¢meny dosahly o 10 g vys§i hmotnosti zrna a o 20 %, vy$§iho podilu zrna
na sité 2,5 mm. AvSak obsahem bilkovin nad 11", a obsahem extraktu pod 80 Y/,
nespliuji soudasné pozadavky sladovnického primyslu v CSSR. Linie KM 948 vsak
prekonala nejvyhodnéjsi odriidu Flamenco a v parametrech sladovnické kvality od-
rudu Kaskade. Jsou diskutovany dalsi aspekty vyuziti 2-fadych je¢mena ozimych.

jeémen ozimy; vynos; vynosové prvky; kvalita

LWMNYHAP, 5. — BALY/IOBA, K. — 3ABAAU/N, M. (OCEBA — HayuHo-uccnegosarens-
CKWW U CEeNneKuMOHHbIIH MHCTUTYT 3epHOoBbIX KynbTyp, Kpomepxwux): FeHoTunuyeckue pasnu-
UM NO XO3ANCTBEHHO-UEHHbIM NPU3HakaM ABYXPSAHOTO U IWECTUPAAHOrO 03UMOro SUMeHs.
Genet. a Slecht., 25, 1989 (3) : 257-262.

B AByxnetHux onbiTax, nNpoBOAMMbIX B r. Kpomepxux B TeueHue 1987—1988 rr. ycra-
HOBNEHO, YTO NOTEeHUUaNbHasa ypoXanHOCTb 6-pPAAHbIX U 2-PAAHLIX COPTOB WU MEPCNEeKTUBHbIX
NWHUIE O03UMOro siumMeHs BbipaBHuBaeTcs. Cpeau 6-psaHbix cCOpTOB Haubonee ypoxauHbIM
asnserca copt Erfa, cpegu 2-pagHbix Flamenco. Mexay 6-psgHbIMU U 2-psigHbIMU COp-
TaMu He 6bino onpeaeneHo Peskux PpasNUuMidi HU MO AaNbHEWWWM XO3SHCTBEHHO-UEHHbIM
NpU3Hakam Kak 3UMMOCTOMKOCTb, YCTOWUMBOCTb K MNONEraHuio W 6GonesHam. [ByxpsaHbie
AUMEHW AOCTUrNM NOBbILIEHHOW Maccbl 3epHa Ha 10 r M NOBbIWEHHQW AJONM nepepHero
sepHa (2,5 mm) Ha 207,. OpHako coaepxaHue 6enka, npesbiwatouwee 119, u Bbixoa
akcTpakTa Huxe 807/, HE COOTBETCTBYIOT COBPEMEHHbIM TpeBoBaHWUAM NUBOBApPEHHONR Mpo-
MbiwneHHocTn B YCCP. Jluuus KM 948 npesbicuna HauGonee ypoxaiHbiii copt Flamenco
W no nokasaTenam nuBoBapeHHoro sumeHs copt Kaskade. OG6cyxpaiotcs aanbHewlune
BOMNPOCbI MCNO/Nb30BaHWA 2-pPAAHbLIX O3UMbIX SUMEHEN.

03UMbII SUMEHb; YPOXai; 3NEMEHTbI CTPYKTYPbl Ypoxas; kaueCTBo
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SUPPLEMENT

GENERAL METHOD OF MAINTENANCE BREEDING
OF SYNTHETIC VARIETIES IN FODDER PLANTS

J. Rod, O. Chloupek

A synthetic variety is a population originating in crossing of components pos-
sessing combining ability. This population is propagated and maintained under con-
ditions of random pollination in spatial isolation till a state of equilibrium is achieved
(Rod, Vondracek, 1982).

Breeding a new synthetic variety consits in finding possible components, in
testing their breeding value and combining ability, in crossing selected components
in order to obtain a desirable population and in several generative reproductions
reaching a state of equilibrium, This procedure takes adventage of the laws of po-
pulation genetic and respects the fact the components are represented by hetero-
zygous open-pollinated genotypes with the possibility of their vegetative propagat-
ion as clones.

The method of maintenance breeding must respect these genetic, technical
and methodological assumption. It is possible to approach this task by means of
several procedures, differing in the respective levels at which they take into account
the genetic substance of the material, the technical and material requirements, and
time factor involved.

Maintenance breeding has to respect the principle that the basis of a real
synthetic variety should be immutable, as well as the composition of components to
be synthetized, and that it should guarantee a permanent and stable variety per-
formance during its duration. Under these circumstances the question arises whether
an immutable character of components, hence the stability of the future variety, can
be attained, in other words how and for how long it can meet these demands. This
task can be solved in several ways, differing mainly in their reqirement for labour
and time (Rod, 1977; Chloupek, Rod, 1982).

In essence the solutions can be divided in two methodically different
groups. The first one corresponds to current methodical practice and,
with certain modifications, copies the procedure of breeding new va-
rieties (group A). The second one is based on once and for all seed
production, formation of a reserve, and its subsequent exploitation
throughout the variety’s existence (group B).

The first group (A) of solutions is based on the assumption of an
immutable character of components and on the possibility of their
preservation in a vegetative way. In view of the fact that this assumpt-
ion is seldom met compromise solutions have been sought (Fig. 1).

A—a: Classic procedure, requiring an unchangeable and permanent
character of components. A repeated vegetative reproduction of com-
ponents is required which would guarantee an unchangeable character
of the synthetis. This would build on the stability of the genetic base,
i.e. predominantly on clones. How realistic this postulate is, depends
mainly on the species, but also on varietal characters (fitness for
clonal propagation, level of shooting and the like). Techniques of tissue
cultures are supposed to be useful for this purpose in the future.

The appropriate procedure can be described as follows: Maintenance
of clone nursery, i.e. components selected according to suitable comb-
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S1

S1

1. Group A: a — Classic procedure, assuming on unchanging character of vegeta-
tively propagated components; b — ,Line“ procedure, utilizing I1 generation for
building up of synthesis; ¢ — Procedure based on a successive combination of two"
or more component into a synthetic population; d — Labour-saving procedure
without preservation of componets, utilizing the resulting population and its main-
tenance by means of mass selection

ining ability. Layout, or repeated laying out of hybridization nurseries,
the purpose of which is a mutual crossing of components: Every com-
ponent has to be represented in the hybridization nursery several times,
and in such an order as to guarantee maximal mutual pollination. The
decisive factor will be the flower biology of the respective species. There
are not such strict demands for alternation in insect pollinated plants
but mutual crossing can be improved by the use of pollinators in isol-
ation. With wind pollinated plants proximity must be respected, as well
as synchronization of flowering time and direction of prevailing winds.

The seed obtained from all parts of components (clones) is
mixed, observing the principle of equal amounts, and represents
generation Syn 0. Further generations, produced from the mixture of
this seed, are Syn 1, followed by Syn 2, possibly Syn 3. The seed
gained in this generation is used to establish the breeder’s seed plot —
S1 (superelite).

The number of generative reproductions (Syn 1 to Syn 3) is
dictated by the need to gain a genetically balanced population. This
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number is given mainly by the genetic character of the species, being
shorter in diploids, substantially longer in tetraploids. A certain part
will also be played by the degree of component heterozygozity entering
the synthesis. In synthetic populations, consisting of several components,
balance and maximal heterosis effect are attained in later generations
than in populations consisting of fewer components. The yields in ge-
nerations Syn 2 to Syn 4 are even (Chloupek, Babinec, 1989).

These measures, concerning the number of components, their va-
riation in a hybridization nursery and the number of synthetic gener-
ations, must in the given case be agreed on by the team of breeders
with respect to the peculiarities of species and improved types in their
framework.

A—Db: “Line procedure’”. The hybridization nursery can be laid out,
instead of clones, by means of “lines” of selected clones, i.e. from
generative progenies of clones after self-pollination (mostly in gener-
ation I1). After mutual crosing in a hybridization nursery, which is laid
out in a similar manner as in A—a, seed of generation It — Syn 1,
It — Syn 2, 3 possibly It — Syn 4, is obtained, representing in tetraploid
species a balanced open pollinated population at the level of propagation
degree S 1. ' ’

This procedure has the advantage that the In generation can be
stockpiled as an adequate compensation for the procedure A—a (Kehr,
1965; Bula et al, 1974).

A—c: Compromising procedure, enabling substitution of lost com-
ponents. It is based on the knowledge that in some species, especially in
lucerne and clovers, the components cannot be maintained on a bio-
logically suitable level. In the case of a lost component, repeated repro-
duction of selected combinations in a hybridization nursery is not
possible and the synthesis loses its original character. For this reason
a compromise solution was worked out, which can be methodically
described as follows:

According to the principles described, a hybridization nursery (Syn 0)
is laid out. The seed of individual components in this nursery is used
1o lay out generation Syn 1 as in the procedure described as A—a, but
with the basic difference that the seed of individual components is not
mixed, or only half of it is mixed. From the non-mixed seed, generation
Syn 1 is laid out, respecting the identity of progenies and under con-
ditions of individual planting. Under these conditions an individual
(genotype) can be selected in each progeny. phenotypically correspond-
ing to the original component and replacing it. The disadvantage of this
procedure is that genetic identity with the original component is not
guaranteed. On the other hand, a certain improvement of the genotype
can be expected, as it arose under conditions of pollination by other
selected components, in this case under conditions of recurrent crossing
and selection. The mixed seed is used to lay out generation '‘Syn 1 in
the familiar way; for generation Syn 2 seed of both types can be used.
In the case of a presumed improvement of the synthetic varvietv the
change could be expressed bv adding a Roman nnmerval to the vaviety
name. If there is a demonstrable detevioration, maintenance breeding of
the variety is not continued.

A—d: Economical procedure, working with a resulting population
without maintenance of original components. The synthetic variety
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comes into existence by manifold generative reproduction of material
from the hybridization nursery — generation Syn 0. The purpose to these
reproductions is to attain a genetically balanced population, which,
while keeping up plasticity, will exhibit stability of performance and
traits important for the breeder.

It is possible to assume that unless this population is exposed to
extreme environmental conditions, its performance and character will
be maintained in further reproductions.

In the framework of maintenance breeding it is possible on the basis
of this consideration to go over to mass selection from the resulting
population — mostly Syn 3. This can be carried out as positive or negative
selection. In the first case the procedure is more effective, though with
risk that a gradual change of population character can appear. In the
second case the risk is much lower and it is a matter of removing the
unhealthy individuals. This should be applied exceptionally only where
exists an opportunity to maintain an outstanding variety without tech-
nical conditions to use other procedures.

B—a. Procedure based on once-and-for-all building of a synthetic
population  (Fig. 2). If the original genetic composition of components
cannot be maintained for technical and biological reasons and the
character of the final synthetic population should be strictly preserved,
once-and-for-all production of some of the synthetic generations re-
mains at present the only way. The seed of the relevant generation
(Syn 0, 1, 2, or 3) is then long-term stored under conditions of constant
humidity and temperature and further multiplied at given intervals. The
life of a variety is therefore limited by the supply of this initial seed.
With respect to the several-year exploitation cycle of fodder plants and
according to repeated cycles of propagation, a life of 15 to 20 years can
be reckoned with. In addition, the seed supply and consequently the
variety continuance can be extended by repeated production of gener-
ation Syn 1 throughout component’s persistence. A maximal propagation
coefficient can be achieved by taking advantage of technical measures
(cultivation and planting of seedlings, cultivation in phytothrons, glass-
-houses, etc.), which further prolong the life of a variety.

-The advantage of this procedure can be summarized as follows:
Conservation of an unchangeable variety character, saving of time and
material costs of classis maintenance breeding, relieving working ca-
pacities for breeding new varieties, i.e. building new, more efficient
synthetic populations.

B—b: Procedure based on a single gradual building of a synthetic
population. The above procedure can bhe divided into several stages,
which often seems more advantageous for biological and technical
reasons. The original components [genotypes-clones) should be stored.
This task will be tackled after a satisfactory mastering of techniques
of tissue culture. Further it is necessary to stress that the components
cannot be represented by the seed. obtained from an arbitrary open —
pollination. Accordingly. it is possible to store seeds of individual com-
ponents separately. but after mutual crossing in a hybridization nursery.
hence after hybridization of all components. This principle has to be
observed in all kinds of propagation in order to save the character of
a synthetic variety.

B—c: Another (more frequent) method consists in succesive combin-
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2. Group B: a— Procedure based on a onefold building of a synthetic population and
on a successive utilizing of seed gained in this way up to spending; b — Procedure
based on once and for all building up Syn 1 seed and its successive utilization; ¢ —
Procedure based on a successive combination of two and more components into a
synthetic population

ation of two or more components. Seed obtained and stored in this way
is gradually used for further hybridization where the hybrids mentioned
will represent the components. Thus we start with dialleles of com-
ponents, the performance of which in the consecutive generation (F1)
ailows estimation of their combining ability. These basic dialleles can
be carried out in a maximal number of combinations of components taken
into account. The seed of the most efficient dialleles is used for cross-
ing either at once, or after storing in a hybridization nursery, so that
generation Syn 1 of 4 components results. There can be several such
Syn 1 generations (always from 4 other components), so that by means
of their mutual hybridization a Syn 2 is obtained from 8, 12 or more
components. This procedure is equivalent to procedure A—a (Kehr,
1965; Bula et al, 1974). It is also an advantage of this procedure
that components may be used as single, double or more complex
hybrids, which makes it possible to produce and maintain synthetic
varieties at a high level also on the basis of information about specific
combining ability.

Final Remarks

Individual procedures of maintenance breeding of synthetic varieties
were drawn at an entirely general level in a way permitting compliance
with lucerne, clovers and grasses. Selection cycles will have to be
adjusted according to the growth and development requirements of
particular species, if need be of types within their framework. This
relates chiefly to graphic supplements conceived for the most simple
case, i.e. for cycle with a lay-out year and one year with seed harvest.
In species with several years’ use it will be necessary to adjust the
procedure accordingly and have it approved by a relevant council of
breeders.
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In the course of reproduction of a synthetic population in gener-
ations Syn 0 to Syn 4 evaluations of performance, health condition, etc.
are no longer made. If an infestation of clones by viruses occurs,
restoration to health by means of tissue cultures-is applied, and if fails
a substitute procedure is used, as described above.

In drawing the graphs we used the “Proposal for uniform symbols
for construction of breeding schedules in fodder plants” (R od, 1980},
approved by the breeders’ council for fodder plants. .

A fundamental question remains: the choice of one of the above-
mentioned procedures and its appropriate modifications. Until now
endeavours to apply procedures based on the maintenance of original
components [(A—a, b, c) has prevailed. For biological and economic
reasons, another procedure was exceptionally admitted, based on mass
selection in the resulting population (A—d), but only when all othev
possibilities were exhausted. This happens when the variety loses its
character and its advantage as a synthetic population.

For technical and economic reasons it will be appropriate to pass
over to procedures based on the principle of once-and-for-all seed
production in the framework of one of the selection steps and propagat-
ion of the variety until this supply is exhausted (B—a, b, c). In this
sense the attitude of responsible authorvities has to be revised and the
relevant directives adjusted. It is necessary to stress that from a realistic
point of view, only procedures ad B can guarantee an innutable and
stable character of a synthetic variety during the whole period of its
existence (Rod, 1985; Rod, Chloupek, 1988).
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