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SOMACLONAL VARIATION OF CALLUS-DERIVED
POTATO REGENERANTS

P. Kostfica, Z. Opatrny, E. Fri¢ova, S. Hausvaterova

KOSTRICA, P. — OPATRNY, Z. — FRICOVA, E. — HAUSVATEROVA, S.
(OSEVA — Research and Breeding Institute of Potato Growing, Havli¢kuv
Brod; Institute of Experimental Botany, Czechoslovak Academy of Sciences,
Praha): Somaclonal Variation of Callus-derived Potato Regenerants. Genet.
a Slecht., 24, 1988 (4) : 245-256.

The basic morphological, cytological and agricultural properties of plants rege-
nerated in vitro from stem-, leaf- and tuber-derived calli were studied. The
eight compared cultivars showed a frequency of variant somaclones ranging
from 0 to 79%,. Cv. Apta was the only one to show 100 9%, of morphologically
deviated clones in the group obtained from stem-derived calli. Some mutant
regenerants exhibited changes in the ploidy level, associated as a rule with
the overall modification of the plant’s habit. Variant tetraploid genotypes de-
monstrated changes in colour involving the tuber skin and flowers, and changes
in leaf morphology. Some of the observed deviations were of chimerical
nature.

potatoes; plant tissue culture; somaclonal variation; mutagenesis in vitro

Somaclonal variation defined by Larkin and Scowcroft
(1981) as a genetic variation seen in plants regenerated in vitro under-
lies notable genotype deviations also in potatoes. It is both the mani-
festation of spontaneuos mutations accumulating in the genotype during
vegetative propagation in vivo and genetic deviation arising during
cultivation in vitro. The range and frequency of regenerant variation
depends therefore on the properties of the initial material (genotype
origin, ploidy level, type of explant etc.) and also on the technique
and duration of cultivation.

The relationship of the inductive and selective effects of in wvitro
culture is high indistinguishable. Accumulation of deviations in regener-
ants obtained from long-term tissue cultures is usually interpreted as
the result of the inductive effect of in vifro acting factors. In contrast,
somaclonal variation of regenerants from short-term cultures (primary
callus or protoplasts isolated directly from tissues of an intact plant)
should be relatively low and/or commensurate with genetic variation
of cellular population of the primary explant with a minor number of
deviations developed during the process of regeneration.

Yet on the other hand the single cell origin of protoclones permits
of a maximum expression of traits that would be obscured in chimerical
regenerants. This is apparently why protoplast-derived clones exhibit
after regeneration a wider range of variations than clones orginating
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from explants (Bright et al, 1982; Jones et al, 1983; Karp et
al., 1987). In addition, the nature of mutations in protoclones is usually
pronounced, and responsible for extensive changes in the initial more
or less balanced genotype. In contrast, point mutations, interesting for
breeders, are often reported in explant-derived somaclones. This,
together with the less sophisticated and time-consuming method of
obtaining regenerants, accounts for the growing interest in this tech-
nique of cultivation.

This paper therefore evaluates the range of variation of soma-
clones derived from adventive shoots of primary.callus of explant origin
in eight important cultivars.

MATERIAL AND METHODS

For the experiments we used the following cultivars: Apta, Désirée, Lada,
Nora, Premiére, Resy, Xenia and Zvikov stored in a collection in vitro. Stem
internodia, leaf blades, petioles and tubers obtained in vitro served as primary
explants. Their cultivation was two-phase on an induction and regeneration medium,
usi the methods after Kostrfica et al. (1985) for cvs. Apta — series 1984,
Désirée, Lada, Nora, Premiére, Resy and Zvikov, and after Opatrny, Miille-
rova (1986) for cvs. Apta — series 1986, Premiére and Xenia. All regenerants
were obtained from shoots isolated from the primary callus developing on explants
over a period of several weeks of cultivation, except for cv. Zvikov, where we used
also shoots differentiated after 1—5 callus passages.

Regenerated shoots were registered as independent clones and after rooting
they were planted in greenhouse. The following year the harvested tubers were
planted in the field. Phenological and morphological observations of clones were
performed during vegetation; tubers were analyzed after harvest. For morpho-
logical description of regenerants we used the nomenclature in the descriptor list
by Vidner et al. (1987). The results obtained in cvs. Apta — series 1984 and
Resy were summarized after three-year field trials and those obtained in cv. Apta
— series 1986 and other cultivars were summarized after one-year controlled field
cultivation.

For assessing the ploidy level in the regenerants of cv. Apta, we determined
chloroplast number in the guard cells of stomata (Zadina, Horaé¢kova, 1977)
and chromosome number in squashed root tips, using the modified method after
La Cour (1941). Regenerants propagated in field conditions were tested for
viruses S, X, M, Y, A and leafrolling at the eye test by the ELISA technique (K a -
menikova Pohotfelda, 1987). Extreme leafrolling intolerance was determined
by tuber grafting (Zadina, Novak, 1983). Potato nematode resistance (Globo-
dera rostochiensis, pathotype Ro 1) was tested with the aid of the greenhouse test
(Zadina, Jermoljev, 1976); tuber starch content was estimated on the Polikeit
weighing machine (Zadina, Jermoljev, 1976).

RESULTS

Properties of somaclones of cv. Apta — series 1984

In experiments extending over three years we compared 12 and 15
regenerants obtained from leaves and stems, respectively. Most of the
clones showed marked deviations in tuft habits according to which we
could divide the regenerants into several characteristic groups (Tab. I).

Morphological properties of the tuft

Regenerants obtained from leaf blades exhibited no morphological
deviations compared with control (morphological type I — Fig. 1)
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I. Properties of regenerants of cv. Apta (series 1984) stable throughout three-years
of field trials

Morphological
type of plant Control I II III v
Type & No. of — blade stem stem stem
regenerating explants 4 3 1 2
No. of regenerated — 12 8 2 5
sprouts (clones)
Ploidy level 4x; 4x; 4x; 4x; 2n = 70—
of regenerants 4x—1 4x—1,2,3 4x—1,2,3 4x—1 —85
or 3x
Haulm
height of plants 60—80 60—380 40—50 10—15 15—20
(cm)
No. of stems 6—8 6—8 23—-36 I 5—17 17—26
Morphology of leaves | dissected, dissected, dissected, non- non-
undulate undulate smooth dissected, dissected,
- undulate smooth undulate
- undulate
Flower intensive, intensive, weak and absent absent
blue-violet blue-violet;| delayed,
mutation: irregular,
white blue-violet
corolla
Tubers
size and shape large - large -+ inter- small, small,
inter- inter- mediate round-oval,; round-oval,
mediate, mediate, -+ small, oval oval
round-oval | round-oval | oval
Eye depth inter- inter- shallow shallow shallow
mediate mediate
Skin colour vellow- yellow- yellow- yellow- yellow-
-brown -brown, -brown -brown brown
mutation:
violet apex
Mean starch content 13.6 9, 18:3:9, 11.5% - -

with the exception of one clone having one stem in the plant bearing
white flowers with a distinct outer diparacola (Fig. 2). Eight stem-
-derived regenerants were of intermediate growth, combined with ex-
tensive stem branching just above the ground, and with delayed and
weak flowering (morphological type II — Fig. 3). Further, we found
dwarf non-flowering tufts with weak, normal or extensively branched
stems and little dissected (pinnatilobed) leaves (morphological types
III and IV — Figs. 4, 5).
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. 1. Overall plant appearance of a stan-
dard clone of cv. Apta — morphological
type I

3. Foliage of three plants of a clone of
cv. Apta — morphological type II
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2. White corolla with outer diparacola
in one of the clones of cv. Apta



4. Overall plant appearance of a clone 5. Two plants of a clone of cv. Apta —
of cv. Apta — morphological type III morphological type IV

6. Tuber morphology of
some clones of cv. Apta
compared with control
(KO) -
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Characteristics of tubers

The properties of tubers coincided with the markedly differentiated
morphology of tufts. The group of regenerants with standard type of
tuft produced tubers morphologically similar to controls (Fig. 6 —
AP 1). This was not true of only one clone which displayed marked
violet spots at the apex of tubers and around the eyes (Fig. 6 —
AP 31). The yield of regenerants with abundantly branched tufts was on
the whole lower and characterized by a high amount of intermediate
and small long oval tubers with shallow eyes (Fig. 6 — AP 21).
Compared with controls and standard-type regenerants, we de-
monstrated statistically a significantly lower starch content in tubers
in all clones of this group. Dwarf regenerants produced only very
small tubers varying in shape and showing deformities such as knobs
and cracks. The tubers of all the 27 studied clones had the same
yellowish colour of flesh as controls.

Resistance to some pathogens

Cv. Apta shows intermediate resistance to potato late blight, affect-
ing the haulin. The same degree of field resistance persisted also in
standard-type regenerants. Regenerants of other morphological types
were somewhat less blight-resistant, which manifested itself, inter alia,
by necrotic spots in the upper segments of the stem and by soft rot
of long-oval tubers extending from the stolon end.

Tests for viroses confirmed an increasing incidence of viral infect-
ions in the collection of regenerants during the three-year period of
field propagation. The fastest rate was recorded in virus-S reinfection,
amounting to 100 % in the second year; other viruses spread in the
following order: M, X, Y, A. None of the clones did exhibit a markedly
altered relative resistance to any of the above viruses. Field provocation
tests for extreme potato leaf-roll virus intolerance in the grafted tubers
confirmed leafrolling intolerance in all clones of morphological types
I and II. Dwarf clones could not be grafted for lack of tuber material.

Ploidy level of regenerants

Guard cells in the leaves of standard-type regenerants showed
chloroplast numbers corresponding to the tetraploid level. Chromosome
numbers assessed in the cells of root tips suggested a mixoploid cha-
racter of the tissue, where, in addition to tetraploidy level (4x = 48],
we detected a considerable number of cells with a hypotetraploid
chromosome number (Tab. I). A similar phenomenon was noted also
in the control which did not pass the stage of tissue culture. In morpho-
logical type II regenerants the chloroplast numbers in the paired guard
cells ranged between 21 — 26. According to the number of chromosomes
we determined six mixoploid regenerants with tetraploid and hypo-
tetraploid ploidy level and two typical triploids. Type III regenerants
showed a tetraploid ploidy level (with hypotetraploid cells repeatedly
present in the root tips) in tests using both testing techniques. Clones
of morphological type IV had a high chloroplast number (35 — 45)
in guard cells; chromosome numbers in the cells of root tips indicated
a hypo- to hyperhexaploid ploidy levels.
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Properties of regenerants of other cultivars

Dwarf clones recurred in five cultivars with a higher number of
regenerants at a frequency ranging from 0.4 to 4.1 % (Tab. II). These
plants were 10 to 20 cm high, had deformed, slightly dissected or
non-dessected leaves (Figs. 7, 8), did not flower, and yielded only
a negligible amount of very small tubers. Owing to the low number of
the observed regenerants, we failed to detect morphological deviations
in clones of cvs. Lada and Resy. In contrast with the series of the
studied cultivars, cv. Apta again displayed pronounced morphological

»

7. Dwarf growth and leaf deformation 8. Dwarf growth and leaf deformation
in one of the clones of cv. Xenia in one of the clones of cv. Apta

deviations in all regenerated clones among which the highest number
comprised abundantly branched tufts of medium growth (morphological
type II).

Changes in the morphology of leaves occured also in regenerants
with a standard habit, i. e. in cvs. Premiére (undulate blades) and
Xenia (somewhat broader light green leaflet, blade “blistering”). Two
somaclones of the latter cultivar showed also changes in the colour of
tuber skin from pink to yellow. In one potato clone the change involved
all tubers, in the other about 50 % of all the harvested tubers, which
in addition had pink spots around the eyes. Cv. Désirée showed an
even higher tendency to change from red- to yellow-coloured skin.
However, change in colour involving all tubers of a potato plant occured
only in one of the four variant clones, while in the remaining ones
a complete change in colour affected only a few tubers just under the
tuft.
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II. Morphological deviations of somatic clones of some potato cultivars (Figures in
brackets express 9, of variant regenerants)

Properties of variant regencrants
No. of dwarf inter-
Cultivar Ty}:;e of regene- grc‘J”wth xr:ediate dhilors-. | Swuge: | change
explant rants e in leaf | in colour
leaf growth, phyll it of tiibes
defor- | extensive | chimera holo e
mation |branching p gy

Zvikov petiole {252 — - 3(1,2) - —
tuber 795 10 (1,3) — 4(0,5) — —
stem 46 — — — — T
Nora petiole 182 - — 1(0,5) - -
leaf blade 262 1(0,4) - 1(0,4) — —

Désirée petiole 74 1(1,4) — — — 2(2,7)
leaf blade 29 — - — - —

stem 74 1(1,4) — — - 2(2,7)
Premiére petiole 10 = — — - —
leaf blade 4 - —_ — — —
stem 244 10 (4,1) - - 4(1,6) —

Xenia stem 114 3(2,6) - 1(0,9) 2(1,8) 2(1,8)
Lada petiole 23 — - - — —
tuber 10 - — — — —
stem 2 — - - — —
Resy petiole 11 — - — — —
leaf blade 13 — — — — —
stem 7 — — - — —
Apta stem 39 3(7,7) | 36(92,3) — — %=

Isolated chlorophyll mutations were seen in the clones of cvs. Nora,
Xenia and Zvikov and were as a rule confined only to some leaves
of young plants. These chlorophyll deficiencies gradually disappeared
with further growth.

Tests for potato nematode resistance of somaclones fully confirmed
a weak resistance of Apta and Resy and a high resistance of Xenia.
Among the 129 tested clones of the resistant cv. Premiére, we detected
one clone showing loss of the initial resistance in tests repeated after
three years.
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DISCUSSION

Cv. Apta was bred in the Federal Republic of Germany in 1951 and
has since been used for cross-breeding mainly as a source of high rel-
ative resistance and extreme intolerance to the leaf-roll virus. The
wide range and high frequency of mutations found in the somaclones
of this cultivar distinguish it distinctly from other cultivars, where
the frequency of variation clones agrees with the data reported by other
autors (Jones et al, 1983; Wheeler et al, 1985; Karp, 1986)
for regenerants from primary calli.

The extraordinary variability of the somaclones of cv. Apta does
not seem to have been directly influenced by conditions of explant
cultivation (we evaluated regenerants obtained by three methods of
cultivation]), but it did show some relationship to explants of stem origin
(Tabs. I, II). However, an unequivocal confirmation of such a relation-
ship would obviously need a much larger amount of initial material.
Yet the high variability of cv. Apta appears to be due mainly to its
origin, as this cultivar was obtained by crossing of an inter-species
hybrid based on Solanum demissum with cv. Hindenburg (Rothacker,
1961). Thus, unlike other cultivars, its chromosome set is not fully
autotetraploid. Vegetative propagation of this cultivar extending over
more than 30 years is apparently responsible for the detected mixoploid
character of tissues which was identified already in the initial material.
This phenomenon was described also in other potato cultivars (Alic-
chio, Antonioli, 1984). The triploid character of some extensively
branched clones of cv. Apta indicated that it might be possible to elimin-
ate one set of 12 “alien” chromosomes and double the remaining genome
to a hypo- or even hyperhexaploidy level in dwarf regenerants.

Marked morphological deviations associated with dwarf growth
and leaf deformities in cvs. Apta, Premieére and Zvikov were as rule
combined with an elevated ploidy level. Such grossly aberrant plants
often occur also in protoclone series, where regenerants occasionally
attain even an octoploid level (Karp et al, 1982; Sree — Ramu-
lu et al., 1983, 1986). However, from the point of view of breeding, such
a profound reconstruction of balanced genotypes is of doubtful value
even through the thus obtained mutants may preserve some of the
propitious properties of the initial cultivar.

Change in colour of tuber skin from red to yellow (recessive mut-
ation) ranks among the often described deviations in cv. Désirée follow-
ing irridiation of tubers in vivo (Harten, 1969), of plants in vitro, and
their micropropagation by means of nodal cuttings (Sonnino et al,
1986) and regeneration of adventitious sprouts in tissue culture (Har -
ten et al, 1981; Wheeler et al., 1985). Colour of the tuber skin is
also known to be a highly mutable trait in cv. Xenia, where Tiemann
et al. (1984) found completely discoloured tubers in 17.5 % of proto-
clones. Yellow skin changing to red is less common. Violet splashing
of skin encountered in one of the clones of cv. Apta was thought to be
a non-chimerical permanent mutation as we failed to eliminate it by
vegetative techniques in conditions of field propagation, nor by me-
ristem culture in vitro. The skin splashing was in part transmitted to
offsprings when we crossed the clone with the yellow skinned cv.
Svatava.
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For breeding purposes the quarantine potato nematode resistance
is a valuable property in any cultivar. Somaclone tests show this pro-
perty to stabilize at the level of the initial cultivars, be they resistant
such as Xenia (Tiemann et al, 1984), Feltwel (Thomson et
al.,, 1986) and Stina (Umaerus, Ireholm, 1987) or sensitive to
this pathogen, such as cv. Desirée (Evans et al., 1986), Bintje (Uma -
erus, Ireholm, 1987). So far exceptions have been cvs. Premiére
and Matilda. In our experiments one clone of the former lost its initial
resistance, in the latter Umaerus and Ireholm (1987) detected
one protoclone which developed resistance in vitro.

The results hitherto obtained and presented in this paper have
confirmed the occurence of somaclones with desirable properties even
following regeneration of adventitious sprouts directly from primary
explant calli. They are in agreement with the following hypothesis:
a) conditions of explant culture exert a selective rather than inductive
influence for variation; b) the high level of somaclonal variation of cv.
Apta regenerants is due to the effect of an a priori unstable genotype.
Tests of the somaclone series dealt with in this paper will continue.
Their purpose will to be investigate other properties of the regenerants
and verify the stability of the already identified deviations of which
some are apparently of chimerical origin.
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KOSTRICA, P. — OPATRNY, Z. — FRICOVA, E. — HAUSVATEROVA, S. (OSEVA
— Vyzkumny a §lechtitelsky ustav bramboraisky, Havliéktiv Brod; Ustav experi-
mentalni botaniky CSAV, Praha): Somaklondlni variabilita kalusovych regeneranti
bramboru. Genet. a Slecht., 24, 1988 (4) : 245-256.

Byly sledovany zakladni morfologické, cytologické a hospodarské vlastnosti rostlin
regenerovanych in vitro z kalust stonkového, listového a hlizového pltvodu. U osmi
srovnavanych odrad é¢inila frekvence variantnich somaklont 0—7 9/, pouze odrida
'Apta’ vykazala 100 9, morfologicky odchylnych klonti v souboru regenerantt z ka-
lust stonkového ptivodu. U nékterych mutantnich regenerantti byly zjistény zmény
v udrovni ploidie, které byly zpravidla provazeny celkovou prestavbou habitu rost-
liny. Variantni tetraploidni genotypy prokazaly zmény v barvé slupky hliz, barvé
kvétu a morfologii listid. Nékteré ze zaznamenanych odchylek byly chimérické
povahy.

brambory; explantatové kultury; somaklonalni variabilita; mutageneze in vitro

KOCTPXWUA, N. — OMATPHbI, 3. — OPUUYEPOBA, 3. — TAYCBATEPOBA, C. (OCEBA
— HayuHo-Uccne40BaTENbCKKIA M CENeKLWOHHbIW MHCTUTYT KapTodenesoactsa, I. Bpoa;
WHCTUTYT akcnepuMeHTanbHoW GoTtaHuku UYCAH, [lpara): ComaknoHanbHass U3MEHUMBOCTb
KaRRIOCHbIX pereHepaHTos kapTtodens, Genet. a Slecht., 24, 1988 (4) : 245-256.

Onpegensnu OCHOBHble MOPMONOrHUECKHEe, LMTONOTMUECKME M XO3SHUCTBEHHbIE CBOWCTBA
pacTeHWH, pereHepupoBaHHbIXx in vitro w3 kannwoca cTebnein NUCTbeB M KNYGEHbKOB.
Y 8 cpaBHMBaEMbIX COPTOB YaCTOTa BapMaHTHbIX COMaknoHoB coctasuna 0—7 0/, nuwe copt
‘Anta’ nokazan 100 0j, MOPMOOTKNOHEHHbIX KNOHOB B CTEGNEBLIX Kannocax. Y 3TUX My-
TaHTOB pereéHepaHToB OTMEUEHbl M3MEHEHWs B YPOBHE NNOWAWMU, COMPOBOXAAIOUWENCSH, KaK
npasuno, ob6uwein nepecTponkon rabuTyca pacTeHusa. Y BapHaHTHbIX TETPanNoOWAHLIX FEHOB
YCTaHOBNEHbl M3MEHEHUS B OKpaCKe KOXYphl KNy6He#h M UBETKOB, B MOPCONOruM NUCTa.
HekoTopble OTKNOHEHWUS HOCUAU XMMEPUUECKUI xapakTep.

KapTogenb; 3kCnaaHTaTHble KYAbTypbl, COMakAoOHanbHas M2ZMEHUUBOCTb, MyTareHes in vitro

KOSTRICA, P. — OPATRNY, Z. — FRICOVA, E. — HAUSVATEROVA, S. (OSEVA
— Forschungs- und Zichtungsinstitut fiir Kartoffelanbau, Havlickav Brod; Institut
fiir experimentelle Botanik der CSAV, Praha): Somaklonale Variabilitit der Kallus-
regenerate der Kartoffeln. Genet. a Slecht., 24, 1988 (4) : 245-256.

Wir untersuchten die grundlegenden morphologischen, zytologischen und 6kono-
mischen Eigenschaften der in wvitro aus Stengel-, Blatt- und Knollenkallus rege-
nerierten Pflanzen. Bei acht verglichenen Sorten betrug die Frequenz der varianten
Somaklonale 0—7 9%, nur die Sorte Apta wies 100 %, morphologisch abweichender
Klone in einer Gruppe von Regeneraten aus Stengelkallus auf. Bei einigen Mutant-
regeneraten konnten Veridnderungen auf dem Niveau der Ploidie beobachtet werden,
die von einem Gesamtumbau des Habitus der Pflanze begleitet worden waren.
Die varianten tetraploiden Genotypen wiesen Verdnderungen in der Farbe der
Knollenschale, der Bliite und in der Morphologie der Blitter auf. Einige der beo-
bachteten Abweichungen waren chiméarischen Charakters.

Kartoffeln; Explantatkulturen; somaklonale Variabilitdt; Mutagenese in vitro
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EVALUATION OF SOMACLONAL VARIATION AND INDUCED
MUTAGENESIS IN SPRING WHEAT

L. Ohnoutkova, Z. Ohnoutka

OHNOUTKOVA, L. — OHNOUTKA, Z. (OSEVA — Research and Breeding
Institute of Cereal Crops KroméiiZ, Plant Breeding Station Hrubéice): Eva-
luation of Somaclonal Variation and Induced Mutagenesis in Spring Wheat.
Genet. a Slecht., 24, 1988 (4) : 257-262.

In spring wheat somatic embryoids were derived from scutellar parts of
zygotic embryos. The percentages of somatic embryos formation and rege-
nerants were ranging between 7 and 289, and 5 and 179, respectively. The
increased amount of somatic embryoids was observed in the culture of zygotic
embryos removed from Mi plants being treated with low doses of the mutagen
(%°Co). In SCs3 generation, tests were made of a total of 102 progenies and
1247 plants to examine agronomic and quality characters (plant height,
1000-grain weight, grain weight per plant, grain number per spike etc.). As
compared to the control variant, the progenies exhibited deviations in the
characters both with single and complex genetic constitution. The embryo
culture derived from Mi plants and subsequent formation of somaclones had
a positive effect on an increase in the frequency of mutations.

Triticum aestivum L.; spring wheat; regeneration; somaclonal variation; muta-
genesis; agronomic characters

The phenomenon of somaclonal variation in the in vifro cultures
of some crops can exercise a favourable effect upon obtaining novel
morphotypes (Larkin, Scowcroft, 1981). In wheat (Triticum
aestivum L., 2n = 6x = 42) induction of suitable callus is most often
achieved in the culture of scutellar parts in immature zygotic embryos
(Shimada, Yamada, 1979; Ozias — Akins, Vasil, 1982).
Regeneration of individual cells can result in morphological abnorm-
alities due to undefined effects, the regenerated plants thus showing
phenotypical changes (Larkin, Scowcroft, 1981). The occur-
rence of somaclonal variation in regenerants has been studied and
documented in detail. Chromosomal aberrations, ranging from changes
in ploidy level and whole chromosome loss to translocations, have been
widely reported (e.g. Karp, Maddock, 1884; Davies et al,
1986). A vast study has been in progress of variation in individual
characters, such as height (Larkin et al., 1984), seed colour (Gre-
orge, Rao, 1983), herbicide resistance (Chalef, Ray, 1984) and
gliadine patterns of grains (Maddock et al, 1985) although none
has yet, to our knowledge, been deployed in achieving plant breeding
goals. Genes with less recognizable effects on yield and/or quality are
presumably just as subject to somaclonal variation. However, there is
no simple method of isolating these variants (Ryan et al., 1987).
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It seems desirable to identify the causes of such changes in res-
pective regeneration procedures with the aim of subsequent applic-
ation to crop improvement.

The importance of the techniques under consideration and their
exploitation in cereals have been widely discussed by numerous authors
(e.g. Bright, Jones, 1985; Bajaj, Gosal, 1986).

MATERIALS AND METHODS

Plant regenerants have been obtained in the culture of immature embryos
(0.5 mm in size) of spring wheat (Triticum aestivum L. cv. ‘Rena’). Parallelly the
embryos for in vitro culture were also removed from the same breeding material
in Mi-generation irradiated with gamma-rays (6°Co) at the doses of 100, 150, and
200 Gy. The embryos excised under sterile conditions were placed in Petri dishes
on the culture medium of Murashige-Skoog (1962) containing double concentrations
of macro- and microelements, and supplemented with 10 um 2,4-D (2,4-dichloro-
phenoxyacetic acid). After 4-week-culture in the dark at 20°C white embryogenic
formations began developing on the surface of the compact callus tissue (Fig. 1).
Being transferred onto the regeneration medium containing 1 ym NAA (¢-naphtha-
leneacetic acid) and 2.5 um 2-iP (N®-dimethylallyladenine) they were cultured in
light (1200 Lx) under 16-hour-photoperiod at 20 °C.

The regenerants were transplanted into garden soil and grown in a glasshouse
to reach maturity. The progenies SCi, SC2, and SC3 were cultivated in the field,
in a parallel trial the seed of the cv. ‘Rena’ Mi-generation irradiated with 6Co
at 100 Gy were sown,

The experiment comprised the following variants:

Control (without irradiation);

Variant A (without irradiation, evaluation of somaclonal variation in SCs3);

Variant B, C, D (seeds irradiated with 80Co — 100, 150, 200 Gy, immature embryos
removed from Mi — plants, evaluation of combined somaclonal and
induced variation in SCs);

Variant E (seeds irradiated with 8Co — 100 Gy, evaluation of Ms — progeny).

RESULTS

There was a remarkable increase in the amount of somatic embryo
structures (7 to 28 %) and regenerants (5 to 17 %) in the culture of
embryos removed from Mi: plants treated with low doses (100 Gy) of
the mutagen %0Co (Fig. 2).

1. Somatic embryo structures arising
from scutellar callus
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2. Effect of %Co dose on induction of 3. deight variants in SCs generation.
somatic embryo structures and plant Left: cv. ‘Rena’; other: deviations in
regeneration in spring wheat cv. ‘Rena’ height

In the experimental variants of the respective generations we
observed differences in the characters under study as compared to the
control (Tab. I). There was a significant reduction in plant height of
the somaclones in the variant A (Fig. 3), as well as in other variants
due to gamma-ray irradiation resulting in final height of 72.2 cm (va-
riant D), 74.8 cm (variant C) in contrast to the mean plant height of
80.1 cm (control).

It may be alleged that the percentage of aberrant types in respective
variants was increasing with the rising dose of gamma-irradiation, the
maximum being 7.1 % in the variant D (Tab. I). The impact of gamma-
-irradiation also resulted in a significant decrease in the values of
agronomic characters, the most remarkable reduction being observed in
grain number per spike (9 to 14 % decrease as compared to control),
followed by grain weight per plant and 1 000-grain weight (Tab. I).

DISCUSSION

More intensive formation of somatic embryo structures derived from
zygotic embryos of Mi plants and increased plantlet regeneration have
demonstrated a positive effect of low mutagen doses (i.e. 100 Gy of
60Co). Induction of point mutations led to an increase in genetic hetero-
geneity of originally homozygous material. A study on plant height and
some other agronomic characters in respective generations (i.e. 1 000-
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1. Variation in SCs and other wheat progenies

; 7
Vasiat | TR s e ols

mean range per plant
Rena C 15 290 80.1 75.0—90.0 6.1
A Rena SCs3 22 405 79.5 62.1—85.2 6.5
B Rena 100Gy SCs 43 398 77.4 63.0—95.1 6.8
C Rena 150Gy SCs 25 263 74.8 41.2—98.0 7.4
D Rena 200Gy SCs 12 181 72.2 42.1—-100.0 9.1
E Rena 100Gy M3 15 185 76.4 49.3 -89.1 6.6

-grain weight, grain weight ‘per plant, grain number per spike) of the
plants and their progenies obtained through callus regeneration shows
genetic abnormalities as compared to the control. Significant variation
was also observed in the characters both with simple and complex
genetic background, such as presence/absence of awns, colour of
spikelet glumes and grains, period of tilleting etc. Similar conclusions
have been drawn by Larkin et al. (1984). In contrast to the results
of Ahloowalia and Sherington (1985) we have found no
sterile plants in SCs; generation; some of these have been detected in
SC1 only.

Regeneration of plants via somatic embryogenesis from callus
derived from zygotic embryos of Mi plants had a positive effect on
increasing the frequency of mutations in respective experimental va-
riants. As compared to traditional procedures of mutation breeding, it
was possible to use rather small sets of plants in SC2 and SC3 gener-
ations after mutagen treatment.

The present results have proven practical and potential application
of in vitro cultures in spring wheat after mutagen treatment with the
aim of obtaining a higher percentage of mutations with agronomically
important characters, using smaller sets of the plant material in suc-
cessive generations as compared to traditional methods of mutation
breeding.
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OHNOUTKOVA, L. — OHNOUTKA, Z. (OSEVA — Vyzkumny a Slechtitelsky ustav
obilnafsky, Kroméiiz, Slechtitelska stanice Hrubéice): Hodnoceni somaklondlni va-
riability a indukované mutageneze u pienice jarni. Genet. a Slecht., 24, 1988 (4) :
257-262.

Byly odvozeny somatické embryoidy u pSenice jarni ze scutelarni casti zygotického
embrya. Procento embryoidnich struktur se pohybovalo od 7 do 28, procento rege-
nerovanych rostlin od 5 do 17. ZvySena tvorba somatickych embryoidi byla pro-
kazana u kalusu odvozeného ze zygotickych embryi Mi generace rostlin ovlivné-
nych nizkymi davkami mutagenu %Co. V generaci SCs bylo hodnoceno 102 po-
tomstev a 1247 rostlin; vy$ka rostlin a nékteré vynosové prvky (HTZ, hmotnost
zrna na rostling, pocet zrn v klasu). Potomstvo vykazovalo odchylky ve srovnani
s kontrolni variantou jak pro znaky jednoduSe zalozené, tak se slozitéjSim ge-
netickym zalozenim. Kultivace embryi z rostlin Mi a néasledné ziskani somaklonu
mélo kladny vliv na zvy$eni frekvence mutaci.

Triticum aestivum L.; pSenice jarni; regenerace; somaklonalni variabilita; mutage-
neze; agronomické charakteristiky
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OrHOYTKOBA, N. — OrHOYTKA, 3. (OCEBA — HayuHo-uccnegoBatenbCkuin M cenek-
LUMOHHbIA MHCTUTYT 3epHOBbIX KynbTyp, Kpomepxux; CenekuuoHHas cTtaHuus [py6uuue):
OueHka COMaKNOHaNbLHOW M3MEHYMBOCTM M MHAYUMPOBAHHOro MyTareHesa Yy SPOBOW nuwe-
Huybl. Genet. a Slecht., 24, 1988 (4) : 257-262.

ComaToaMGpHCHAbl BbIBEAEHbI Y SPOBOW MLEHHWLbI U3 CKYTENAPHbIX NapTUW 3UrOTHOro 3M-
6puoHa. MpoueHT eMGpUOUAHBIX CTPYKTYp 7—28, a pereHepupoBaHHbIX pacTteHuin 5—17. Mo-
BbllueHHOe o6pa3oBaHWe CoOMaTMUeCKMXx 3MOPMOMAOB YCTaHOBNEHO Yy Kannyca, BbiBe4EHHOro
M3 3UroTHbIX aMGpHMoHOB M1 nokoneHus pacTeHuWi, obpaboTaHHbIX HU3KUMK fO3aMKU MyTareHa
80Co. B noxonevun Cl5 oueHnsanu 102 notomcTBa M 1247 pacTeHWil No BbICOTE paCTEHUIi
W HeKoTopble anemeHTbl ypoxas (BT3, Bec 3epHa Ha pacCTeHWM, KONMUECTBO 3EPEH B KO-
noce), [loTOMCTBO nokKa3sblBano OTKNOHEHMS OT KOHTPOAS Kak MO YNPOWEHHOW 3aknagke
NPU3HaKOB, Tak M No cnoxHoi. Kynbtusayusa am6puoHoB M3 M1 1 nocneayilowee nonyueHue
COMak/IOHOB CTUMY/MPOBanu uacToTy MyTauuw.

Triticum aestivum L., nwexnuya spoBas; PpereHepauus; ComaknoHanbHas WM3MEHUWBOCTD;
MyTareHes; arpOHOMUUECKHWE XapaKTepUCTUKH

OHNOUTKOVA, L. — OHNOUTKA, Z. (OSEVA — Forschungs- und Ziichtungs-
institut flir Getreidebau, Kromériz, Ziichtungsstation Hrubcice): Bewertung der
somaklonalen Variabilitit und der induzierten Mutagenese bei Sommerweizen.
Genet. a Slecht., 24, 1988 (4) : 257-262.

Es wurden somatische Embryoide bei Sommerweizen aus dem scutellaren Teil des
zygotischen Embryos abgeleitet. Der Prozentsatz der embryoiden Struktur schwankte
von 7 bis 289, derjenige der regenerierten Pflanzen von 5 bis 179, Eine hohere
Bildung von somatischen Embryoiden konnte bei einem aus zygotischen Embryonen
der Mi-Generation der mit niedrigen Gaben des Mutagens 8Co beeinflussten Pflan-
zen abgeleiteten Kallus nachgewiesen werden. In der SCs3-Generation wurden
102 Nachkommenschaften und 1247 Pflanzen, die Pflanzenhohe und einige ertrags-
bildende Faktoren (Tausendkorngewicht, Korngewicht je Pflanze, Kornzahl je Ahre)
bewertet. Die Nachkommenschaft wies Abweichungen im Vergleich zur Kontroll-
variante sowohl flir einfach angelegte, als auch fiir genetisch kompliziert angelegte
Merkmale auf. Die Kultivierung der Embryonen aus den Mi-Pflanzen und die nach-
folgende Gewinnung der Somaklone wirkten sich positiv auf die Steigerung der
Mutationsfrequenz aus.

Triticum aestivum L. & Sommerweizen; Regenerierung; somaklonale Variabilitét;
Mutagenese; agronomische Charakteristiken
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VARIABILITY OF PHYSIOLOGICAL TRAITS IN LUCERNE
REGENERATED FROM TISSUE CULTURES

M. Ptackova, A. Bystficka, B. Nedbalkova, P. Binarova

PTACKOVA, M. — BYSTRICKA, A. — NEDBALKOVA, B. — BINAROVA, P.
(OSEVA — Research and Breeding Institute for Fodder Crops, Troubsko;
Institute of Experimental Botany, Czechoslovak Academy of Sciences, Olo-
mouc): Variability of Physiological Traits in Lucerne Regenerated from Tissue
Cultures. Genet. a Slecht., 24, 1988 (4) : 263-269.

Some characteristics of water regime and chlorophyll content were tested in
seven groups of plants regenerated from calluses derived from one lucerne
plant. It was statistically proved that some groups of plants significantly dif-
fered in traits characterizing drought resistance (high water-holding capacity,
decrease of transpiration in full bloom) and in the content of chlorophyll. The
results indicate that plant regeneration from callus cultures by means of
somatic embryogenesis can be used in order to develop new plant materials
combining the required physiological traits.

lucerne; callus cultures; somatic embryogenesis; chlorophyll; transpiration;
water-holding capacity >

Plant tissue cultures have been successfully used in recent years as
an unconventional propagation and breeding method. In the sphere of
breeding this concerns, in particular, the exploitation of genetical va-
riability manifested on the level of the regenerated plants and of its
progeny. This so called somaclonal variability includes not only the
genetical constitutions of the primary explant, but also the probability
of obtaining new genotypes during in vitro cultivation. We can then
obtain a group of regenerated plants in which variability on chromo-
somal, morphological, biochemical, physiological and other levels is
manifested. It was on the basis of these facts that the goal of this study
was formulated, consisting in estimating the variability of selected
physiological characteristics in lucerne plants regenerated by means
of somatic embryogenesis and in the possibility of further selection of
the best individuals. The traits tested were chosen according to correl-
ations with seed and fodder yields, determined in our preliminary ex-
periments.

MATERIALS AND METHODS

Seven plants regenerated by somatic embryogenesis (Novak, Konecéna,
1982) from callus cultures derived from plant G22 were cloned, resulting in an
experimental population (7 groups) with a total of 40 individuals. We estimated
the physiological traits as follows: chlorophyll content (Erdelsky, Fri¢, 1979),
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1. Evaluation of differences between groups by means of variance analysis and
Tukey’s test

Year 1986 ' 1987
Characte- source of D COmErAsLs
ribtics variability f MS | D;0.05| contrasts | MS
0.05 0.01 0.05 0.01
Chlorophyll groups 6 3.29%| 0.98 | 7-3,1,2,4|10.47++ 2.11 2.53 5-3 5-2,4,1
6-1,2,4
technical | 35 1.34 5-4 1.60
c€rror
Watel: holding | groups 6 0.01 0.02
Spaty technical| 35 | 0.01 = = 0.01 - — - -
Crror
Total o groups 6 0.47 0.76
Lranspiration | yochnical| 35 | 057 | — - 034 | — - - -
error
Cuticu_lar ) groups 6 0.02 0.03
transpiration | yechnical! 35 | 0.02 | — = 002 | — - - -
error
+ P = 0.05
++ P =< 0.01

transpiration rate (total and cuticular), and water holding capacity using the method
of transpiration curves (Slavik, 1965).

The measurements were carried out in the lay out year (first year, 1986) and
in the first harvest year (second year, 1987) in the full bloom stage of the second
regrowth. Analysis of variance, confidence interval and coefficient of variation were
used for the statistical evaluation of the results obtained.

RESULTS

Values of the characteristics studied in the individual groups are
given in Fig. 1, as well as the mean for the whole population (all
groups) and the range of the confidence interval on the levels of
P = 0.05 and 0.01. In Tab. I the statistical evaluation of differences
between groups is shown, based on the analysis of variance. Coefficients
of variation of the characteristics within groups and between groups
are given in Tab. II.

It has been stated in evaluating chlorophyll content by the analysis
of variance (Tab. I) that groups 7, 6 and 5 with the maximum chloro-
phyll content differed significantly from groups 4 and 2 with the
minimum one in the first year. Similar results were found by evaluating
the confidence interval (the means of groups were compared with
the mean of the whole population, Fig. 1). In this case significantly
higher values than the population mean were found in groups 7 and 6
and lower values in groups 4, 2 and 1. In the second year, group 5
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II. Coefficient of variation v [%] in physiologic characteristics within groups and
between groups of plants regenerated from callus cultures

Chl hvll Water holding Total Cuticular
Group oLopRY capacity transpiration transpiration
1986 1987 1986 1987 1986 1987 1986 1987
1 9.8 9.4 20.4 17.9 37.7 23.5 15.9 14.1
2 8.0 9.0 20.4 23.9 47.1 14.2 16.4 24.7
3 10.8 2.3 10.8 5.2 39.7 22.3 22.2 12.5
4 16.0 15.6 11.7 5.6 39.4 29.6 19.7 12.5
5 14.2 7.8 24.6 16.7 39.6 35.1 7.6 18.0
6 12.0 7.4 35.1 15.4 35.9 21.8 29.3 18.0
1 10.3 55 24.6 13.7 26.1 9.7 14.9 35.2
x 11.6 8.1 21.1 14.1 37.9 22.3 18.0 16.1
Among| g4 9.0 8.6 7.0 17.5 14.6 8.7 8.3
groups

had the highest chlorophyll content and groups 1, 4 and 2 the lowest,
according to analysis of variance (Tab. I). Evaluation by means of
confidence interval (Fig. 1) showed nearly identical results. Significant
differences from the population mean were found in groups 5 and 1
with the highest and lowest values, respectively.

Water regime characteristics did not differ significantly in any
year, using analysis of variance (Tab. I), whereas the confidence inter-
val (Fig 1) showed significant deviations of groups from the
population mean in the case of total and cuticular transpiration. A desir-
able low total transpiration in the full bloom period was found in group
3 in the first year and in groups 5 and 7 in the second. Significantly
lower values of cuticular transpiration in comparison to the population
mean were found in groups 2 and 5 in the first year and groups 1
and 7 in the second. The water holding capacity, characterized by a low
water loss during the linear phase of transpiration curve (which starts
between the 1st and 2nd hour of fading), was very satisfactory for all
groups in both years. No differences between groups were found by
the two methods of statistical evaluation.

Confidence intervals used for testing individual plants within the
groups showed also a number of significant deviations from the group
means. Thus in the 1st and 2nd years, four and six plants with high
chlorophyll content were found, five and eight plants showed the
favourable low transpiration (total or cuticular), and four and two
plants manifested an excellent water holding capacity, respectively.

The coefficient of variation (Tab. III) within the groups was rel-
atively low (about 20 % on the average) in all characteristics with the
exception of total transpiration for the first year (about 40 %). The
lowest values were found in chlorophyll content (about 10 %). In the
second year the values of the coefficient of variation decreased,
especially in the case of total transpiration. The variability between the

266 GENETIKA A SLECHTENI — 1988



groups was smaller than within the groups, with values from 7.4 %
in chlorophyll to 17.5 % in transpiration, and it remained almost on
the same level in the second year.

DISCUSSION

Our previous trials in lucerne (Ptac¢kova, 1981; Bystficka,
Ptackovd 1985 1987) demonstrated close correlations between
many of the physiological characteristics and seed yield. Reduced total
transpiration, low cuticular transpiration and a high water holding
capacity in full bloom resulted in high seed production. All these
characteristics denote in a certain way drought resistance. This im-
portant trait as a genetical potential feature develops in plants gradually
due to the effect of drought in summer months. During this time lucerne
usually grows in a dry soil because of its very high water consumption
(Ptackovad, 1987). From the point of view of seed production drought
resistance is more important during the full bloom period, which is why
we chose this stage for our tests.

The role chlorophyll in photosynthesis is generally known. It was
stated that the lucerne plants dark green in colour are more productive
than plants with light green leaves (Koter et al, 1976). In our
previous papers cited above a correlation between the amount of
chlorophyll or its components (C,, C,) and the growth characteristics
(leaf area per plant, relative leaf weight), and also seed yield, appeared
in some phenophases.

In the study presented with plants derived from tissue cultures the
significant differences in chlorophyll amount was found by 'means of
analysis of variance. Characteristics of drought resistance did not differ,
and the whole material tested from this point of view was good. It
had a high water holding capacity and a low transpiration, especially
in a dry first year. '

When estimating by means of the confidence interval, significant
deviations of groups from the population mean were demonstrated in
all characteristics except for water holding capacity. This enabled in
both years to detect groups of plants with the highest chlorophyll
content and the highest resistance (i.e. those with the lowest total or
cuticular transpiration). In some groups the characteristics changed in
the second wet year. Group 2 no longer manifested its resistance — its
transpiration increased significantly. On the other hand group 5 was
classified unambigiously as material with a desirable low transpiration,
though its absolute values did not change. Group 3 did not remain
according to the statistical evaluation among the superior ones, never-
theless in all traits characterising drought resistance it ranged above
the average (in comparison with the population mean).

Considering all results and with respect to a certain replaceability
of water regime characteristics, groups 5 and 7 appeared the best from
the viewpoint of both traits studied (i.e. resistance and chlorophyll
content).

It can be stated that according to the values of the coefficient of
variation the variability of most physiological characters is low (in
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a number of cases under 10 %) and the traits studied can be considered
stable. The considerable decrease in variation coefficient values in the
second year suggests a lowering of variability within groups. The stabiliz-
ation of some characteristics could be caused by the ontogenetical
development of plants, as well as by change of environmental condi-
tions, when there was no out standing differentiation in drought resist-
ance in a humid year, compared with the first year with dry conditions.

In both years, the evaluation of plants within the groups by means
of the confidence interval showed, deviations from the mean of
a given group (either in positive or negative sense), in about a half
to two-thirds of the cases. The experimental results show that in plants
regenerated from calluses by somatic embryogenesis variability in the
physiological traits studied exists. From the 40 tested plants eleven
exceeded the mean in the characteristics of production, water regime,
and chlorophyll content, and four of these plants kept their good
traits during both experimental years. These individuals appear to be
promising for further use in breeding.
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U sedmi skupin rostlin regenerovanych cestou somatické embryogeneze z kalust
odvozenych z jedné rostliny vojtésky byly testovany nékteré charakteristiky vod-
niho provozu a obsah chlorofylu. Statisticky se prokazalo, ze jednotlivé skupiny
rostlin se vyznamné odliSuji v ukazatelich charakterizujicich odolnost viéi suchu
(vysoka schopnost udrzet vodu, pokles transpirace v plném kvétu) i v mnozstvi
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chloro_fylg. Vysledky naznacuji, Ze regeneraci rostlin z kalusovych kultur cestou
somatické embryogeneze lze pouZit pro tvorbu novych rostlinnych materialtt s kom-
binaci Zzadanych fyziologickych vlastnosti,

vojtéska; kalusové kultury; somatickd embryogeneze; chlorofyl; transpirace; schop-
nost udrzovat vodu

NTAYKOBA, M. — BbICTPXHULUKA, A. — HEABANIKOBA, 6. — BUHAPOBA, M. (OCEBA
— HayuyHo-UCcCneaoBaTeNbCKMM M CENEeKUMOHHbIW MWHCTUTYT KOPMOBOACTBa, Tpoy6CkKo;
MHCTUTYT aKCnepuUMeHTanbHoih 6GoTaHuku UYCAH, Onomoyy): M3MeHuMBOCTb (HU3MONOru-
YeckMx mnoxkasaTefied y NIOUEPHbl, pereHepPUpPOBaHHONW W3 TKaHeBblx KynbTyp. Genet.
a Slecht., 24, 1988 (4) : 263-269.

Y 7 rpynn pacTeHWW, pereHepupoBaHHbIX NyTEM coMaTUueckoro amGpuoreHesa M3 Kannio-
COB OAHOro pacCTeHWs NIOUEPHbI, aTTECTUPOBANU XapakTEPUCTMKM BOAHOrO peEXuMa U Co-
AepxaHue xnopodunna. OTpenbHble 3TW rpynnbl 3aMETHO OTNMYAIOTCH NO MoKasaTensMm
3aCyXOyCTOHUMBOCTU (BbICOKasi BOAOAEPXKMBAIOWAA CNOCOOHOCTb, MOHUXEHWI TPpaHCNUpauuu
B MNONHOM LBETEHWM) M MO KONWuUecTBy xnopodunna. Kak nokasbiBaloT pesynbTaTbl, pere-
Hepauus pacTeHWH M3 KanNlCHbIX KYNbTyp NyTEM coMaTuueckoro 3M6puoreHeza MOXeT cny-
XWTb ANA CO34aHWA HOBbIX PaCTUTENbHbIX MaTepuanoB C KOMOGMHauWeil Tpebyembix -
3M0N0rMYEeCKUX CBOMUCTB.

NUEepHa; KannwcCHble KyAbTypbl; COMaTUYyeCKUi SMGPMOFBHBB; XNOpoMUAN;, TpaHCnNUpauusa;
BOogOA€EpXHUBalOWan cnoco6GHOCTb

PTACKOVA, M. — BYSTRICKA, A. — NEDBALKOVA, B. — BINAROVA, P.
(OSEVA — Forschungs- und Ziichtungsinstitut fiir Futterpflanzen, Troubsko; Institut
fiir experimentelle Botanik der CSAV, Olomouc): Verdnderlichkeit physiologischer
Merkmale bei der aus Gewebekulturen regenerierten Luzerne. Genet. a Slecht., 24,
1988 (4) :263-269.

Bei sieben Gruppen von Pflanzen, regenerierten mittels somatischer Embryogenesis
aus Kalluskulturen, die von einer einzigen Pflanze abgeleitet worden waren, sind
einige Charakteristiken des Wasserbetriebes und der Chlorophyllgehalt getestet
worden. Es konnte statistisch nachgewiesen worden, dass sich die einigen Pflanzen-
gruppen bedeutend in Trockenheitsresistenz charakterisierenden Merkmalen (ein
hohes Gewebe-Wasserhaltendsvermogen, Transpirationssenkung bei voller Bliite),
sowie in der Chlorophyllmenge unterscheiden. Die Ergebnisse lassen erwarten, dass
die aus Kalluskulturen mittels somatischer Embryogenesis erzielte Regeneration
von Pflanzen auch fiir die Schaffung neues Pflanzenmaterials und dessen Kombi-
nation mit erforderlichen physiologischen Eigenschaften zu nutzen sei.

Luzerne; Kalluskulturen; somatische Embryogenesis; Chlorophyll; Transpiration;
Wasserhaltendsvermogen
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COMPARATIVE STUDY OF EMBRYOGENESIS IN SUNFLOWER
(HELIANTHUS ANNUUS L.)

A. Kovacik, V. Vi¢kova

KOVACIK, A. — VLCKOVA, V. (Research Institute for Crop Production,
Praha-Ruzyné): Comparative Study of Embryogenesis in Sunflower (Helianthus
annuus L.). Genet. a Slecht., 24, 1988 (4) :271-280.

Embryogenesis during the first 12 days after pollination was studied on the
longitudinal sections of a sunflower ovary. The size of a developing embryo,
embryo sac and achene were evaluated in five kinds of the crosses: intraline,
intravarietal, interline, line-varietal and intervarietal. The lines possessing
male pollen sterility were also used in the crosses. Out of the used genotypes,
a trend to the elongation of achene was shown by a fertility restorer line as
father and the variety VNIIMK 6540 as mother. The CMS line CG displayed
a trend to an achene width increase. The line-varietal hybrids have a tendency
to the greater width of embryo sac.

Helianthus annuus L.; pollination; embryogenesis

Nowadays, interspecific hybridization became an integral part of
sunflower breeding. This type of hybridization is materialized primarily
with the aim to develop new sources of CMS and fertility restoration,
sources of disease resistance, as well as new progressive morphological
and physiological traits that enrich the germplasm of cultivated sun-
flower (Leclerq, 1969; Whelan, 1981; Vranceanu, Stoe-
nescu, 1971).

In distant hybridization some complications often occur that make
this procedure partly or completely impossible (incrossability, decreased
viability of hybrid embryos, etc.).

Advancement of tissue cultures helps to overcome these obstacles
and enables a broader utilization of wild sunflower species as resistance
sources (Bohorova et al, 1985, Chandler, Beard, 1983; Po-
wer, 1987).

Continuous selection with the aim to improve economically import-
ant traits can affect the anatomical structure of flowers (Samataro
et al.,, 1985), as well as fertilization processes in dependence on
parental lines used in crosses. With regard to the broad utilization
of CMS lines in sunflower hybrids grown at present, their effect on
the fertilization level has to be also considered. Development of the
sunflower embryo sac before — and after fertilization (Newcomb,
1973a, b), as well as problems of embryo nutrition (Newcomb,
Steeves, 1971) have been described.
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I. A survey of the studied hybrid combinations

Variant Mother Father I Type of cross
A VNIIMK 6540 x VNIIMK 6540 ' intravarietal
B VNIIMK 6540 x Felix intervarietal
G CMS CG % Felix line - varietal
D CMS 3508 % VNIIMK 6540 line - varietal
E CMS 1607 » RF 121 hybrid
F GMS AST 117 x RF 121 hybrid
G CMS CG x CG intraline

The objective of this study was to investigate possible differences
in the speed of development of the fertilized egg cell, embryo sac
and achene in sunflower in dependence on genotypes used in crosses.

MATERIALS AND METHODS

In the study of embryogenesis in the course of the first days after pollination,
the following sunflower genotypes were used:

VNIIMK 6540 — varietal population

Felix — hybrid

CMS CG, CMS 1607 and CMS 3508 lines with cytoplasmic male sterility

GMS AST 117 line with genetic male sterility

CG — sterility maintainer

RF 121 fertility restorer

Tab. I presents a survey of the studied hybrid combinations. Fertile mother
plants were emasculated by hand. CMS and GMS mother plants displayed complete
sterility. After pollination the tubular flowers were separated in the following
intervals; 2, 3, 4, 5, 6, 11, 12 days and fixed in Navashin fixative. Then they were
dehydrated in gradually increased concentrations of alcohol and transferred into
paraffin according to classical methods (Némec, 1962). On a microtome, longi-
tudinal sections 10—15 um thin were cut and stained with a stain mixture safranine-
-light green. After differentiation and clearing preparations were imbedded in
Canada balsam.

Developmental stages of sunflower embryo-proembryo, globular embryo (Fig. 1),
heart stage (Fig. 2), torpedo and developing cotyledons were defined after New -
comb (1973). On longitudinal sections of the ovary the development of the polli-
nated mother cell, embryo, embryo sac and developing achenes was investigated.
Their width and height was measured in a light-microscope by an ocular micro-
meter.

In each trait, single variants were compared by t-test for pair values. Relation
between trait pairs in single variants was evaluated by testing the similarity of
regression coefficients in regression of two traits.

RESULTS AND DISCUSSION

Evaluation of an 'egg cell development in the embryo already on
the second day after pollination in single variants differed. In variant
A, B, G the fertilized egg cell containing the spermatic nucleus in its
nucleus was still present. One of the synergids was in the beginning of
its degeneration. Width of the egg cell in the variants A, B was 0.04 mm,
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1. Variant C. Embryo sac containing a globular embryo and growing endosperm.
Endosperm cells fill the embryo sac towards chalaza (125-fold magnification)

9. Variant E. Late heart — stage embryo which is separated by a zone from the
endosperm (120-fold magnification)
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in the variant G 0.03 mm. In the variant E the nucleus of the central
cell has already undergone several mitotic divisions without egg cell
division. Upmost advanced were the variants C, D, F that already had
a proembryo of several cells in the embryo sac, surrounded by cells
of the developing endosperm. On the third day after pollination in all
variants a pyriform to circular embryo consisting of more cells
appeared in the embryo sac. Width of these embryos was 0.05—0.07 mm,
height 0.08—0.09 mm. The most advanced was the variant D [(line-
-varietal cross) having embryo in the beginning of the heart stage,
0.11 mm high. The cellular endosperm grows in the embryo sac in the
direction from micropyle to chalaza.

Length and width of achene

Differences in the length and width of achenes also appear already
after first two days following the pollination (Fig. 3, 4). In the trait
achene length, most variants significantly differ from each other. In
the trait achene width, less significant differences were found than
in the trait achene length; however, 2/3 of all differences are significant.
For the achene length, a relatively distinct increase till the 5th day
was observed. Between the 5th — 9th day the growth slows down for
a certain period (lasting till the 11th day in the variants B, C, D, E].
Then elongation of the achene follows again.

The longest achenes were in the variant F — cross of a GMS line
and a fertility restorer. This variant possesses extremely long achenes
within the framework of the studied set. The set can be further divided
into two groups according to the height of achenes. The first group is
formed by the variants A, B (i.e. crosses between varieties and hybrids)
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and the variant E (i.e. cross of a CMS line and a fertility restorer)
that have medium long achenes.

On the other hand, variants C, D (crosses of CMS lines and va-
rieties) and the variant G (intraline hybrid) have shorter achenes.
Fertility restorer as father and-variety VNIIMK 6540 as mother show
a trend towards the elongation of achenes in hybrids. Relatively most
continuous increase of achene length can be observed in close crosses
— intravarietal (variant A) and intraline (variant G), that have no
distinct period of stagnation of achene elongation.

Width of achene have continuous growth in the course of observat-
ion. Three groups can be again formed, into the first one variants with
broader achenes belong (C, F, G), medium broad achenes are in the
variants A, B, D and relatively narrow ones in the variant E. A trend
towards a broader achene is induced by the CMS line CG. The increase
of achene width has two culmination periods. Variants C, D, F, G, i.e.
most line crosses culminate between the 4th and 6th day. In the second
period between the 9th and 12th day, variants C, G, F, A, B culminate,
hence line-, as well as varietal crosses. In general, till 12 days after
pollination the variant F has long, broad achenes, variants G, C broad,
short achenes, variants A, B — medium broad and medium long achenes,
the variant D — short, medium short achenes and the variant F —
narrow, medium long achenes.

It can be summarized that all types of interhybrids first show an
accelerated elongation of achenes, later on a short stagnation followed
again by an intensive growth. Intravarietal and intraline crosses display
a slower but uninterrupted growth of achenes.

Length and width of the embryo sac

In single variants, length of the embryo sac can be well distinguished
already from the first two days after pollination. In the trait length of
the embryo sac no differences can be noted. In principles, the set of
variants is homogeneous, in the trait width of the embryo sac more
significant differences appear, particularly between the 4th and 5th
day (Fig. 5, 6).

The variant F (with the longest achenes) has also the longest
embryo sac but not in the whole course of the growth. E. g., on the 6th
day when the achene is the longest one of all variants, the embryo
sac is relatively short. On the other hand, the variant C, possessing
a short achene, as well as a short embryo sac on the end of the
studied period, has the relatively longest embryo sac on the 6th day.
Of single variants, D and E have a relatively longer embryo sac than it
would correspond with the length of achene, on the contrary, variants
B and G have a shorter embryo sac than it corresponds with the length
of achene.

In general, the width of the embryo sac is uniform till the 4th day.
Variants C and D, i.e. line varietal hybrids show broader embryo sacs.
Hybrid C has the broadest both the embyo sac and achene, on the
contrary, the height of the embryo sac and achene belongs to the
lowest ones. Hybrid D has a broad embryo sac but the achene only
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5. Dependence of embryo sac height on 6. Dependence of embryo sac width on
the time of fertilization the time of fertilization

medium broad, the height of the embryo sac medium and the achene
height low.

The length and width of the embryo sac increases considerably in
relation with the achene size. Nevertheless, some exceptions appear
that cannot be mostly correlated with the type of the hybridization.

Length and width of the embryo

In single variants the length of the embryo can be well distinguished
as late as from the 5th day. In the trait length of embryo also few
significant differences appear. The trait width of embryo is again more
differentiated than the length of embryo. The maximum embryo length
is achieved in the variants D, E, F what is approximately in relation
with the length of the embryo sac. Only the variant D has a relatively
longer embryo than all other ones which contrasts in comparison with
the length of the embryo sac that is ranked as far on the third place.
Variants C, D, E have a relatively longer embryo than it corresponds
with the length of their achene. In comparison with the length of the
achene and embryo sac, the shortest embryo appears in the variant A,
i.e. in the intravarietal hybrid within the population VNIIMK 6540.

In single variants, the embryo width can be distinguished starting
the 4th day. Maximum values are achieved again in the variant C with
a broad achene and broad embryo sac. Also the variant D has the width
of the embryo approximately in relation, although between the 9th and
11th day the embryo growth into the width decreases, whereas the
embryo sac continues to grow.

Embryo in the variant E (CMS X fertility restorer) grows relatively
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faster into the width than it corresponds with the growth of the embryo
sac and especially with the achene growth into the width. Other va-
riants C, D, G, A, F, B have a wellbalanced relation between the width
of the embryo sac and embryo. Hence, disproportions between the
embryo width and achene width are similar as between the embryo sac
width and achene width (i.e. in the variants C ad D and in addition in
E). The variant C represents the type with a broad embryo, the variant
F represents the type with a long embryo which corresponds with the
relation of the embryo sac.

The embryo develops differently from the growth of achene and
embryo sac. Variants of line-varietal and interline crosses possess
a r1;elaﬁvely longer embryo than it corresponds to the length of their
achene.

The embryo width corresponds with the relations of achene and
embryo sac width except the interline cross CMS 1607 X RF 121. This
variant of interline crosses differs from all other variants in that its
embryo uses more intensively the space of the embryo sac as to the
width. Whereas in other variants embryo grows equally with the
embryo sac, i.e. the size of the embryo sac exceeds the embryo size,
in the above mentioned variant the embryo grows relatively faster so
that it fills the width of the embryo sac better up. This phenomenon
can be connected with the fact that the both used lines of the above
mentioned variant have a good combining ability, whereas in other
inter-hybrid combinations it is possessed by utmost one of the parents.

Evaluation of differences between variants in the study of two traits dependence

In the evaluation of differences between variants in the depend-
ence of trait pairs, it appeared that the relation between the achene
length, embryo sac and embryo length was approximately equal in all
variants (Tab. II).

In the values for the width, some significant differences were found
in the relation achene width to embryo sac width and in the relation
embryo width to achene width (Tab. III). In the third combination
of traits achene width — embryo sac width no differences between
the variants have been found. The dependence of embryo width on

II. Regression coefficient between length characters with

Achene — embryo sac ‘ 2.235 up to 3.695 l C—F
Achene — embryo 1.743 up to 2.982 C-—-F
0.683 up to 0.943 ‘ A-D

Embryo sac — embryo

III. Regression coefficient between width characters with

Achene — embryo sac 0.599 up to 0.976 ‘ G —-E
Achene — embryo 0.548 up to 0.943 G—E
, Embryo sac — embryo 0.755 up to 0.962 I A—E
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7. Expression of the extreme linear regressions of embryo width on achene width
and embryo sac width

achene width and that one of embryo width on embryo sac width differs
significantly in the variant E (i.e. combination CMS line X fertility
restorer line). In the first case (dependence on the achene width) the
variant E differs from A, B, F, G. In the second case (dependence on
the embryo sac width) the variant E differs from A, D, F.

In both cases the value of regression coefficient b for the E variant
achieves the highest level of all variants and approaches at most the
value b = 1. This means that in the variant E the embryo growth into
the width is in close harmony with the growth of the embryo sac, as
well as the achene.

The course of fhe dependence in extreme vamants in the second
and third relation is illustrated on Fig. 5.

CONCLUSIONS

Evaluation of the achene length and width in the period of obser-
vation did not show any distinct trends with respect to the type of
hybridization, i.e. neither the effect of heterosis nor the effect of in-
breeding in CMS lines in comparison with varietal populations. Of the
used genotypes, a trend towards the elongation of achene was shown
by a fertility restorer line as father and variety VNIIMK 6540 as mother.
The CMS line CG displayed a trend towards the achene width increase.

The length and width of the embryo sac grows in relation with the
achene size to a considerable degree. Line-varietal hybrids have a trend
towards an increased width of the embryo sac. The embryo width
corresponds with the relations of achene — as well as the embryo sac
width except the interline cross CMS 1607 X fertility restorer. In this
case the embryo grows relatively faster which can be in connection
with a good combining ability of both used lines.
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KOVACIK, A. — VLCKOVA, V. (Vyzkumny ustav rostlinné vyroby, Praha-Ruzy-
né): Srovndvaci studium embryogeneze u sluneénice (Helianthus annuus L.). Genet.
a Slecht., 24, 1988 (4) : 271-280.

Na podélnych fezech semenikem slunec¢nice byla sledovana embryogeneze v pru-
béhu prvnich 12 dntt po opyleni. Byly hodnoceny rozméry vyvijejictho se embrya,
zarodeéného vaku a nazky u péti druhtt krizeni: vnitroliniového, vnitroodridového,
meziliniového, odrudovoliniového a meziodridového. Ke krizeni byly pouzity i linie
se saméi pylovou sterilitou. Hodnoceni vysky a Sirfky nazky ve sledovaném obdobi
neukazalo zadné zietelné tendence ve vztahu k typu hybridizace. Sklon k prodlu-
zovani nazky ma z pouzitych genotypl linie obnovitel fertility jako otec a odruda
"UNIIMK 6540’ jako matky. Sklon k véts$i §ifce zarode¢ného vaku maji odrudovo-
liniovi hybridi.

Helianthus annuus L.; opyleni; embryogeneze

KOBAUWK, A. — BNUKOBA, B. (HayuHo-uccnepoBaTeNbCKMil MHCTUTYT paCTEHUEBOACTBA,
Mpara-PyzbiHe): CpaBHUTENbHOe WCCnejoBaHue amGpuoreneza Y noacondeuduka (He-
lianthus annuus L.). Genet a Slecht., 24, 1988 (4) : 271-280.

Ha npoponbHbix Cpesax CeMeHHWUKa MOACONHEUHWKa onpeaensnu aMGpuoreHes B nep-
Bble 12 aHel nocne onbinewua. Onpeaensnu pa3mepbl pa3susalouieroca aM6puoHa, 3apo-
AbILWUEEOrO MelWoyka M CEeMSHKKM B 5 BMAAX CKPELWMWBaHWA: BHYTPUIUHEWHOrO, BHYTPUCOP-
TOBOrO, MEXNUHEHHOro, COPTONMHEHHOro M MEeXCOopTOoBOro. /Jins CKpewwueaHUs CNYXUNU
M NMHUM C MYXCKOW NbINL. CTEPUAbHOCTbIO. OueHKa BbICOTbI W LUMPUHBI CEMSHKM He no-
Kasana HUKakWUx SBHbIX TeHAEHUMH k Tuny rubpuagusaumn. CKNOH K YANUHEHUIO CEMSHKH
nokaszanu BO306HOBUTENb (DEPTUALHOCTM B ponu oTua WM copt BHUMMK 6540 B ponu
MaTepu. CKNOH K PaClUMPEHMIO 3apOA. MEILOYKA NOKasbiBaloT COPTONUHENHbIE ruépuabl.

NoOACONHEUYHUK, ONbINEHUE] 3M6puore:ie3
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KOVACIK, A.— VLCKOVA, V. (Forschungsinstitut fiir Pflanzenproduktion, Praha-
-Ruzyné): Vergleichsstudium der Embryogenese bei Sonnenblumen (Helianthus
annuus L.). Genet. a Slecht., 24, 1988 (4) : 271-280.

An Liangsschnitten durch den Samenbeutel der Sonnenblumen verfolgten wir die
Embryogenese in den ersten 12 Tagen nach der Bestdubung. Wir bewerteten die
Abmessungen der sich entwickelnden Embryonen, des Embryosackes und der
Schliessfrucht bei fiinf Kreuzungstypen: Innerlinien-, Innersorten-, Zwischenlinien-,
Sortenlinien-, Zwischensortenkreuzung. Zur Kreuzung wurden auch Linien mit
mannlicher Pollensterilitit herangezogen. Die Bewertung der ermittelten Schliess-
fruchthohe und -breite wies in der verfolgten Zeitperiode keine Tendenz in Be-
ziehung zum Hybridisationstyp auf. Eine Tendenz zur Schliessfruchtverlingerung
weisen von den benutzten Genotypen der Linie der Fertilitdtsrestorer als Vater
- und die Sorte VNIIMK 6540 als Mutter auf. Eine Tendenz zu einer grosseren
Embryosackbreite weisen die Sortenlinienhybriden auf.

Helianthus annuus L.; Bestdubung; Embryogenese
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EVALUATION OF TOMATO (LYCOPERSICON ESCULENTUM MILL)
PLANTS TRANSFORMED BY MEANS OF T-DNA

E. Pekarkova-Tronickova, J. Dusbabkova, J. Neéasek

PEKARKOVA-TRONICKOVA, E. — DUSBABKOVA, J. — NECASEK, J.
(Institute of Crop Production, Praha-Ruzyné; Institute of Experimental Botany
Czechoslovak Academy of Sciences, Ceské Budéjovice): Evaluation of Tomato
(Lycopersicon esculentum Mill) Plants Transformed by means of T-DNA.
Genet. a Slecht., 24, 1988 (4) : 281-291.

Tomato plants tlansformed with T-DNA of the pTiT37 plasmid from Agro-
bacterium tumefaciens were tested concerning their sterility and possible value
for hybrid seed production. Experiments comprised plants of two cultivars
in which the pollen viability in vitro was ascertained to 23.3—82.9 9/,. Varietal
differences were stated in degrees of female sterility and negative side-effects
in transformed plants: In the cv. Linia XXIV, generative as well as clonal
offsprings of transformed plants with the 1owest pollen viability in vitro
(23.3—52.0 %) manifested a high male and female sterility. Spontaneous setting
fluctuated between 0—3.7 fruits per plant, artificial selfpollination resulted
in only 0.5—2.1 and fertile pollination as few as 0.1—0.07 fruits per pollination.
Anthers contained only very small pollen amounts and underdeveloped stigmas
occured. Decreased seed setting was followed by decreased seed emergence
(31.0 %) and plant survival (26.0 %). F1 resulted always in genogenetic seeds.
Bilateral sterility was accompanied by negative side-effects as growth de-
pression, compact growth and necroses. Unlike this, in the cv. Ostravské rané
some offsprings were gained in which a definite male sterility was accom-
panied with only a slight disturbation of female fertility and no growth
depressions took place.

Tomato; transformation; pTiT37 plasmid; Agrobacterium tumefaciens; eva-
luation of sterility

T-DNA of the Ti plasmid from Agrobacterium tumefaciens can be
integrated into plant genome. T-DNA is considered as one of the most
promising vectors of foreign DNA in genetic ingeneering. In many
plant species, however, crown galls induced by Agrobacterium tume-
faciens are able to regenerate shoots but never form roots. Buch-
mann et al. (1985) and Thomashow et al. (1986) stated that root
formation in plants transformed with T-DNA is blocked through the
presence of loci tms and tmr controlling biosynthesis of auxins and
cytokinins. Regeneration of whole transformed tomato plants from
crown galls was described in the previous paper of us (NeCéasek et
al., 1988). In tobacco plants transformed with unchanged nopaline
T-DNA, male sterility as well as longistyly was observed by Wullems
et al. (1981) and Memelink et al. (1983). Male sterility and also
longistyly are desirable characters for breeding Fi1 hybrids of several
crops including vegetables (Tronickovad, 1973). Suitable genetic
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resources of sterility and longistyly have been searched among natural
mutants and forms originated of former distant hybridization; they are
also induced artificially. In tomato likely as in some other species
even several selfsterility sources exist the fitness of which ‘for breed-
ing Fi1 hybrids may be unequal due to different expression and genetic
condition. Also genetic background of the source in question is of
importance. In contrast to many crops in which male sterility is cyto-
plasmically conditioned, all sterile forms described in tomato (namely
ms, sl, pi, ps and ex) are monogene recessive. This is, of course, a cause
of a relatively difficult propagation. Functional sterility (ps) is the only
one exception among them (Tronic¢kova Spirytova, 1981).

The aim of our studies was to reveal whether male sterility occurs
in transformed plants and, if there is any, to compare it with the known
sterility sources and to estimate its possible value for breeding Fi
hybrid seed.

MATERIALS AND METHODS

Lycopersicon esculentum Mill cv. Linia XXIV (from Bulgaria) and cv. Ostrav-
ské rané (Czechoslovak cv.) were used as recipients of T-DNA. Both experimental
cultivars proved a high combining ability in many-year experiments in the Research
Institute of Crop Production (RICP) in Prague-Ruzyné. They are genetically
divergent and were exploited as parental components for the Czechoslovak hybrid
Start Fi (registred since 1975). Methods of regeneration of whole transformed
plants with T-DNA of plasmid pTiT37 and data on their pollen viability in vitro
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1. Pollen viability in witro in the cv. Linia XXIV. Normal control plant (98.2 9, —
on the left; transformed plant No. 20 (32.6 9,) — on the right
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2. Normal “pestle-
-shaped” stigmas of the
control plant of the cv.
Linia XXIV (left) and
“pile-shaped” stigmas of
the transformed plant
No. 8/2 (right)

o

were described in the paper by Necasek et al. (1988). In vitro pollen viability
in 13 whole plants regenerated from five tumors was relatively high (23.3—77.0 %)
indicating only a little chance of finding sterility (Fig. 1). Therefore our studies
started with five plants (all cv. Linia XXIV) which manifested the lowest pollen
viability degree all over the plant set: plant No 8 (viability 23.6 %), plant No 20
(32.6 %), plant No 22 (40.0 %), plant No 23 (52.0 %) and plant No 27 (23.3 9%,). Later
experiments included plants (of Linia XXIV) exhibiting high values of pollen
viability as follows: plant 32xK1 (viability 78.6 %), plant No 32xK2 (54.0 %), plant
No 32xK3 (88.9 %), plant No 32xK8 (66.8%,) and plant No 32xK9 (47.5%,). With
the second experimental cultivar Ostravské rané the data on transformed plants
were as follows: plant No 17 - (viability 75.6 %), plant No 18 (62.0 %,), plant No 29
(69.0 %) and plant No 30 (77.0 %).

Experiments were established in the Research Institute of Crop Production,
Prague-Ruzyné. Young plants were planted in the soil in unheated glasshouse and
cultivated intensively on strings. Evaluation was made in three groups of plant
offsprings: in vitro cloned, artificially selfed, and Fi’s from crossing with the fertile
tester. Sterility degree was tested by counting spontaneously set fruits, and by
percentage of fruit set after artificial self- and crosspollination.

RESULTS

In the first experimental year (1985), all R, clonal offsprings of
five R, transformed plants of the Linia XXIV were uniform maintaining
all characters typical for the original cultivar. The growth of plants
was, however, lower and spontaneous fruit setting was very poor as
documented by only 2.2 spontaneous fruit set per plant and a very
small seed amount in them (1.64 seed per fruit). Artificial pollination,
which was made by technicians experienced in hybrid seed production,
confirmed a high sterility of the material. After selfpollination, which
was difficult to make due to a lack of pollen in the anthers, fruit set-
ting was 36.1 %. Most fruits (78.9 %) were, however, seedless and the
seed number in seeded fruits was very low (in average 6.9 seed per
fruit and 2.1 seed per pollination). Although fruit setting after cross-
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ing with a fertile tester was higher than after selfpollination (72.3 %
as compared with 36.1 %), the seed number per fruit was surprisingly
lower than after selfpollination (0.8 seed per fruit and 0.1 seed per
pollination, respectively). Reduced viability of produced seed may be
documented by poor emergence (only 32.2 %) and even lower plant
survival (only 26.0 %). Experimental results thus indicate that both the
male and female sterilities were present.

The 1986 experiments included generative offsprings (47 Ri plants)
and clonal offsprings (16 Ro plants) of transformed plants that were
under experiments in the previous year, and three Fi’s from pollination
by the fertile tester Ostravské rané. Observation at the vegetation period
confirmed morphological stability of transformed plants, slow develop-
ment, relatively low compact plant growth and high sterility. Evalu-
ation of stigmas of all opened flowers twice a vegetation period by
means of a magnifying glass showed a high incidence of underdeveloped
stigmas that did form neither lobes nor secret (Fig. 2). Stigmas were
often pile-shaped instead of pestle-shaped, sometimes even hooked. In
average of all offsprings 51.6 % plants developed abnormal stigmas, -
45.0 % plants were intermediate with both types of stigmas and only
3.3 % plants developed only normal stigmas. No definite connection
was found between incidence of abnormal stigmas and plant sterility
degree.

An important statement was made concerning the plant habitus
in F1 offsprings of transformed plants pollinated with the fertile tester
Ostravské rané. All plants exhibited characters typical for the mother
cv. Linia XXIV transformants: a low compact growth and high sterility.
This may testify that no hybridization but gynogenesis took place.

Sterility of the material was again very high (Tab. I): no spont-
aneous fruit setting was observed; after selfpollination set only 12.1 %
seeded fruits containing in average 4.2 seed per fruit and 0.5 seed per
pollination only. Crossing with a fertile tester lead to even lower
values: 4.5 % fruit setting, 1.2 seed per fruit and 0.07 seed per pollin-
ation. Control spontaneously set fruits developed in average 53.03 seed
per fruit. No considerable differences were observed between Ri gener-
ative and Ro clonal offsprings.

In 1987, 263 seeds were sown of 62 offsprings; 34 of them from
selfpollination (24 Rz and 10 Ri1) and 23 backcrossing (13 B2 and 10 Bi1).

It was interesting that the worse seed setting after crosspolin-
ation (as compared with selfpollination), which was observed in both
the previous years, was connected with after - effects of somewhat
decreased seed emergence and survival of plants from crosspollination:
after backcrossing the average seed emergence was 29.8 and plant
survival 25.5 %, while after selfpollination the respective values were
45.8 and 38.4 % (Tab. II).

Again, practically all transformed plants grew more slowly, were
lower and more compact than control plants. The height of selfpollin-
ated offsprings was in average 70.2 cm and that of backcrossed off-
springs 64.3 cm, whereas control plants were 117.7 cm high. Transformed
plants were thus by about 40 % shorter.

At the end of June, necroses occurred on transformed plants from
the 12" leaf up to plant top and inflorescences. Symptoms of necroses
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1. Fertility of

Ri1 transformed

plants after selfpollination and fertile crosspollination. Cv. Linia XXIV

Crosspollination

o, of fruit setting

number of
developed seeds

Selfpollination
R o, : : number of
oﬁ‘sprling number b obfrtaening developed seeds number
of polli- of polli-
nations i- | nations
non set | seedless seeded | per fruit p‘:aggl,]: non set
8/2a 97 76.3 6.1 17.5 4.1 0.7 143 32.1
8/2b 30 76.6 16.6 6.6 3.5 0.4 72 34.7
20/1 33 84.8 9.0 11.0 6.0 0.4 47 48.9
20/2 75 73.3 6.6 20.0 3.1 0.7 93 39.8
20/3 16 100.0 0 0 0 - 0 35 54.3
22/1a 7 100.0 0 0 0 0 11 18.1
22/1b 6 100.0 0 0 0 0 31 38.7
22/2 22 68.2 22.7 9.0 2.0 0.2 24 12.5
23/1a 70 82.8 8.6 8.6 5.8 0.5 85 30.6
23/2a 8 75.0 12.5 12.5 4.0 0.5 4 0
23/2b 8 87.5 12.5 0 0 0 30 30.0
o, 372 79.3 8.6 12.1 4.2 0.5 575 35.1
verage
Control 20 10.0 5.0 85.0 35.2 299 20 5.0

seedless | seeded | per fruit pirag(o)gi_
60.1 6.9 5.4 0.37
61.1 4.1 1.6 0.06
48.9 2.1 1.0 0.02
52.7 7.5 1.4 Qe
45.7 0 0 0.00
81.1 0 0 00
54.8 6.4 1.0 .06
87.5 0 0 "
68.2 1.2 1.0 0.01
1000 | 0 0 e0p
63.3 6.6 2.0 0.13
60.3 4.5 1.2 0.07
5.0 90.0 38.5 34.6




II. Seed emergence and plant survival after selfpollination and backpollination of
transformed plants of the cv. Linia XXIV

Polli Mother| Parental | Number , Seed |Emerged Igfl‘l ;rlll?fr Average seed Average plant
oL gene- plant of off- | number | seed : emergence survival
nation R 3 vived o3 A
ration No. springs sown | number 0% 0%
plants
20 7 50 21 15
21 2 7 2 2
22 2 11
Ro 23 6 42 18 13 46.5 36.9
28 1 1 0 0
30 5 42 26 22
Self 31 1 4 2 2
Total 24 157 73 58
458 |———| 384
8 5 23 11 11
R, 22 8 21 9 8 44.1 42.4
23 2 15 6
Total 15 59 26 25
21 3 4 1 1
22 1 1 0 0
B2 23 5 10 1 1 28.5 28.5
26 1 2 1 1
30 2 2 1 1
Back 32 1 2 2
Total 13 21 6 6
298 | ———| 255
8 4 12 3 3
20 1 2 0 0
B: 22 3 9 2 2 30.7 23.6
23 2 3 3 1
Total 10 26 8 6
Total 62 263 113 95 42.9 36.1

were similar to those of Botrytis. Repeated microscopic and cultivation
diagnoses did confirm, however, neither presence of Botrylis nor of
another pathogen. After the second wave of necrotization plants re-
covered and continued growth and blossoming. For no necroses occurred
on fertile control plants, they seem to be connected with transform-
ation. Dependence between necrosis and sterility degree as well as
growth depression degree in transformed plants was indistinct.
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III. Spontaneous fruit setting in Ri offsprings of plants with higher pollen viability
values. Cv. Iinia XXIV

Pollen Number of fruits per plant
R; generation viability

0 1 2 ‘ 3 ‘ Total
Linia XXIV -C 99.0 4.3 6.7 3.0 18.7 32.6
32 x K1-A 78.6 13 3.7 Tl 19.8 32.0
32 x K2-B 54.7 3.5 4.4 3.4 iz A | 28.5
32 x K3-C 82.9 3.9 4.8 5.8 24.4 38.0 .
32 x K8-D 66.8 2.4 2.9 4.1 17.1 26.5
32 x K/9-E 47.5 5.7 5.7 4.0 15.1 30.5

Fruits: 0 — seedless, 1 — containing several seeds, 2 — containing reduced seed amount, 3 — fully
seeded

did not exceed 3.74 fruits per plant and only 0.15 of them were fully
seeded. Fruit setting after backcrossing was characterized by 8.1 % set-
ting normal fruits, by setting 6.9 seed per fruit and 0.56 seed per pollin-
ation.

All plants of 11 backcrosses had typical transformation features:
high sterility expressed by zero fruit setting, compact (by 40.3 %
shorter) growth and presence of necroses.

Both the F1 offsprings from test pollination with the fertile Ostrav-
ské rané were highly sterile setting 0.0 and 0.1 normal fruits per plant.
Plant habitus was again close to that of transformed mother plants.
F1 offsprings thus seemed to testify gynogenetic origin.

All plant material under our experiments up till that time thus
manifested a high, both male and female sterility accompanied by some
unfavourable side-characters. Therefore our further attention was con-
cerned to plants manifesting in Ro higher pollen viability in vitro
(47.0 to 82.9 % — Tab. III) than the previous experimental material. All
five offsprings under test proved full fertility which practically did
not differ from that of control plants. In glasshouse, plants developed
26.5 — 36.0 fruits per plant from which 15.1 — 24.4 were fully seeded.
The respective control values were 32.6 fruit per plant (18.7 of them
fully seeded). In field conditions, all offsprings were also fertile and
seem thus not to be transformed.

Four Ri offsprings of transformed plants of the cv. Ostravské rané
were the last experimental set. Pollen viability in vifro of transformed
Ro plants fluctuated between 6.1 and 81.8 % (Tab. IV). Mentioned great
differences in pollen viability percentage proved to be not correlated
with fertility of respective plants. All four offsprings were highly
sterile (spontaneous fruit setting 28.6 — 32.0 fruits per plant, only
0.0 — 0.8 of them, however, fully seeded). The fertile control plants set
78.0 fruits per plant (63.0 of them fully seeded). A similar picture was
found concerning fruit setting after self- and crosspollination. Morpho-
logy of transformed plants responded to this of original cultivar. In
opposite to the cv. Linia XXIV, where transformed offsprings were
either bilaterally sterile with unfavourable side-characters (trans-
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IV. Fertility of transformed Ri offsprings of the cv. Ostravské rané

R, generation Spontaneous setting Selfpollination Backcrossing
pollen average fruit number seed number . seed number Flang
Desigs | viabi- fn!ir. fru_xt height
nation lity L2 SURE!  er per [SetHRg. per em
0 Tl 3% | toral o PEr 1 Holli- % PEr 1 Holli-
o + 3% fruit P fruit .

nation nation
Control 98.7 77.3 63.0 78.0 — — — — 269.0
29/4 25.6 14.0 0.1 32.0 63.6 12.0 7.6 55.5 0.3 0.20 | 277.8
29/15 20.9 15.4 0.8 28.6 63.0 9.5 4.9 5.8 1.0 0.06 | 286.1
17/1 6.1 19.0 0.0 32.0 62.5 12.2 7.6 71.4 3.0 2.14 | 282.0
17/7 81.8 11.6 0.0 29.0 75.0 11.0 8.3 38.4 1.2 0.46 | 291.0

* 1 — fruits containing only several seeds, 2 — fruits containing reduced seed amounts, 3 — fully
seeded fruits

formed) or normally fertile (likely untransformed), in the cv. Ostrav-
ské rané we got sterile plants manifesting neither depressions (plant
height 103 — 108 % to control) nor necroses. Also fruit setting after
self- and crosspollination was somewhat more favourable. Selfpollin-
ation resulted in 9.5 — 12.2 seeds per fruit and 4.9 — 8.3 seeds per
pollination; in backcrosses the respective values were 0.3 — 3.0 seeds
per fruit and 0.46 — 2.14 seeds per pollination. Female sterility in
transformed plants of the cv. Ostravské rané thus seems to be disturbed
less distinctly. The plants need therefore further studies.

DISCUSSION

In two tomato cultivars we succeeded in getting normal rooted
plants transformed by means of Agrobacterium tumefaciens T 37
(pTiT37) with unchanged T-DNA (Necasek et al, 1988). Wul-
lems et al. (1981) and Memelink et al. (1983) described sterility
and longistyly in tobacco plants transformed with unchanged T-DNA.
High degree of sterility was also observed in transformed Arabidopsis
thaliana plants (Pavingerovéa et al, 1983). Transformed tomato
plants manifested in a various degree depressed pollen viability in
vitro (NecCdasek et al., 1988). Sterility of grown-up plants was very
high. It was documented by very poor spontaneous fruit set and also
very low fruit set after artificial selfpollination. In all transformed
plants male sterility was accompanied with disturbances in female
fertility. This is apparent from a very low fruit set after pollinating
with the fertile tester, and also low setting of normal seeds and
depressed viability of them. Incidence of underdeveloped flower stigmas
may explain some causes of female sterility. A consistent conclusion
may be derived from the fact that all offsprings from pollination with
the fertile tester indicate no hybrid but gynogenetic origin of plants.
Sterility induced in transformed tomato plants thus differs considerably
from sterile mutants (ms, sl, pi, ps and ex) as described in the literature
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(Tronickovad, 1973). Strong disturbance of oogenesis in trans-
formed cv. Linia XXIV plants gives thus no hope of possible exploiting
them as mother components in hybrid seed production.

T-DNA changes the cytokinin/auxin ratio in transformed plants
(Schell et al., 1984). Transformed tomato plants of the cv. Linia
XXIV and Ostravské rané developed roots and the increased IAA level
in plants was ascertained (NecCasek et al., 1988). The increased
IAA content may cause not only reduced seed setting, development on
unviable seed and parthenocarpy, but also considerably shortened
compact plant growth. The cause of necroses as well as their relation
to growth depressions maintained unexplained. Application of growth
regulating substances to tomato strongly affects not only flower morpho-
logy but alsg fertilization process. So longistyly may be induced by
means of GA application (Honma, Bukovac, 1966; Tronic¢ko-
va, 1979) and viable pollen development may be restored in various
ms (male sterile) mutants (Schmidt, 1976). The same was shown
for si? (stamenless) mutant in which a lower level of endogenous GA
was documented (Sawhney, 1974). Reversely, morphoregulators of
auxin type (e.g. beta indolyl-acetic acid) may induce production of
parthenocarpic seedless fruits (George et al., 1984) and pseudo-
embrya in seeds (Lin et al., 1986). At present, interest for parthe-
nocarpy has been involved also in breeding programs for tomato. It is
supposed, that tomato genotypes tending to developing parthenocarpic
normally-sized fruits contain greater auxin amounts in pistills which
are partially responsible for female sterility. Tendency to parthenocarpic
fruit setting observed in our transformed plants, similarly as incidence
of underdeveloped stigmas, are in consent with ascertained effects of
increased level of auxin-type morphoregulators.

Being transformed by Ti plasmid, various tomato genotypes do not
behave quite equally: In the cv. Linia XXIV, offsprings were gained in
which high bilateral sterility was accompanied with deeply changed
function of morphoregulators (in plants with lower pollen viability in
vitro) or quite fertile offsprings (in plants with higher pollen viability
values). In opposite to it, in the cv. Ostravské rané the transformed
offsprings were derived with a very different pollen viability which
manifested various degree of sterility, always without unfavourable
accompanying effects of changed ratio of morphoregulators on plant
growth.
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PEKARKOVA-TRONICKOVA, E. — DUSBABKOVA, J. — NECASEK, J. (Vyzkum-
ny ustav rostlinné vyroby, Praha-Ruzyné; Ustav experimentilni botaniky CSAV,
Ceské Budéjovice): Zhodnoceni rostlin rajéete (Lycopersicon esculentum Mill) trans-
formovanyjch pomoci T-DNA. Genet. a Slecht., 24, 1988 (4) : 281-291.

U rostlin rajcat transformovanych pomoci T-DNA plasmidu pTiT37 z Agrobac-
terium tumefaciens byla studovana sterilita a jeji pripadné vyuziti pri vyrobé hyb-
ridniho osiva. Zivotnost pylu in vitro u pokusnych transformovanych rostlin dvou
odrud se pohybovala od 23,3 do 82,99, Byly zjistény odrudové rozdily ve stupni
samic¢i sterility a negativnich vedlejSich projevech transformovanych rostlin: U Li-
nie XXIV projevovala generativni i klonova potomstva transformovanych rostlin
s nejnizsi Zivotnosti pylu (23,3—52,0 %) vysokou samiéi i saméi sterilitu. Spontanni
zakladani ¢inilo 0—3,7 plodt na rostlinu, umélé samoopyleni vedlo k zalozeni 0,5—
—2,1 plodu a krizeni k zalozeni pouze 0,1—0,07 plodi na jedno opyleni. Prasniky
obsahovaly jen malo pylu a c¢asto se vyskytovaly nedovyvinuté blizny. Nizké za-
kladani plodi doznivalo v nizké vzchazivosti semen (31,09, a pfezivani rostlin
(26,0 9)). F1 potomstva byla vesmés gynogenetickd. Oboustranna sterilita byla do-
provazena negativnimi vedlejSimi projevy jako je rustova represe, kompaktni vzrast
a nekrézy. Naproti tomu u odrudy ’‘Ostravské rané’ byla ziskana néktera potomstva,
u nichz byla saméi sterilita provazena jen slabsim poskozenim samicéi fertility a rus-
tové deprese se neprojevily.

rajée; transformace; pTiT37 plasmid; Agrobacterium tumefaciens; zhodnoceni ste-
rility
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NEKAPKOBA-TPOHUUKOBA, 3. — AYCBABKOBA, 5i. — HEYACEK, f. (HayuHo-uccne-
AOBATENbCKMIA WHCTUTYT pacTeHuesBoacTBa, [lpara-Py3biHe; MHCTUTYT 3KCNEepUMEHTanbHoM
6otaHnku YCAH, U. Bypgeitosuue): Ouenka TomatHbix pacteHuin (Lycopersicon esculen-
tum Mill) TpaHucopmuposaHHbix ¢ nomoweio T-AHK. Genet. a Slecht., 24, 1988 (4) :
1 281-291.

Y TOMaTHbIX paCTeHWH, TpaHChOpMUpoBaHHbix C nomowbio T-AHK nnasmuga nTuT37 wus
Agrobacterium tumefaciens onpeaensnu CTEPUIbLHOCTb M BO3MOXHOCTM €€ WCMNOo/Mb30Ba-
HWUS B MPOM3BOACTBE TMOPHUAHbIX CeMsH. XXMU3HECTOMKOCTb nbinbubl in vitro y 2 CcopToB
aTUX pacTeHuii 6bina 23,3—82,99/. CopToBble pa3nMunsa yCTaHOBAEHbl B CTENEHW XEHCKOM
CTEPUNIbHOCTU W HEraTUBHbIX MNOJOUHbIX MPOABNEHUAX TpaHCM. pacTteHuu. Y nuHum XXIV
reHepaTuBHbIE U KNOHOBblE MOTOMCTBa PAaCTEHWUI C CaMOW HM3KOW XU3IHECTOWKOCTbIO Mbl/bLbl
(23,3—52,0) o6napanu BbICOKOI CTEpUNAbHOCTbIO. CrioHTaHHOe 3aBs3biBaHue 0—3,7 nno-
Aa Ha pacTeHue, MCKYCCTBEHHOE camoonbineHue Beno K 3assasbiBaHuio 0,5—2,1 nnoga,
a ckpewusaHne — nvwb Kk 0,7—0,07 nnopa Ha onbineHue. [binbHUKK Coaepxanu Mano
nbl/AbUbl, U YaCTO BCTPEYanuCb HeAOopa3BUTbie pbinblua. HU3koe 3aBA3biBaHWME NNOAOB OTPa3u-
nocb Ha cna6on BCxoxecTu cemsH (31,00,) u sbixusaHuum pacrenuin (26,0°). Motomcrea
Q1 6binu ruHOreHeTUyeckne. [IBYCTOPOHHNAS CTEPUILHOCTb COMPOBOXAAnaCb HEraTUBHbIMM
NOGOUHbIMM NPOABNEHUAMU KaK AENPECcCHUs POCTa, KOMNAKTHbIW POCT U HEKpo3sbl. Y copTa
xe 'OcTpaBcke paHe’ HekoTOpble NOTOMCTBA C MYXCKOW CTEPUNbHOCTbIO CONPOBOXAANUCH
AMWb CnabblM NOBPEXAEHUEM XEHCKOW (hepTUNbHOCTH, AenpecCuu pocta cebsi HE NPOSIBUNM.

ToMaTbl; TpaHCgopMUpoBKa;, nnaamug nTuT37; Agrobacterium tumefaciens; oueHka cre-
PHUNBHOCTH

PEKARKOVA-TRONICKOVA, E. — DUSBABKOVA, J. — NECASEK, J. (For-
schungsinstitut flir Pflanzenproduktion, Praha-Ruzyné; Institut fiir experimentelle
Botanik der CSAV, Ceské Budé&jovice): Bewertung der mit Hilfe von T-DNA trans-
formierten Tomatenpflanzen (Lycopersicon esculentum Mill). Genet. a Slecht., 24,
1988 (4) :281-291.

Bei mit T-DNA von Plasmid pTiT37 aus Agrobacterium tumefaciens transformier-
ten Tomatenpflanzen untersuchten wir die Sterilitdit und ihre eventuelle Aus-
nutzung filir die Produktion von Hybridsaatgut. Die Lebensfdhigkeit des Pollens
in vitro schwankte bei den transformierten Versuchspflanzen zweier Sorten von 23,3
bis 82,9 9,. Wir stellten sortenbedingte Unterschiede in der Stufe der weiblichen Ste-
rilitdit und in negativen sekundidren Symptomen der transformierten Pflanzen fest:
bei der Linie XXIV wiesen sowohl die generativen als auch klonalen Nachkom-
menschaften der transformierten Pflanzen mit der niedrigsten Lebensfdhigkeit des
Pollens (23,3—52,0 %)) eine hohe weibliche und minnliche Sterilitit auf. Der spon-
tane Ansatz betrug 0—3,7 Friichte je Pflanze, die kiinstliche Selbstbestdubung
fihrte zum Ansatz von 0,5—2,1 Friichten und die Kreuzung zum Ansatz von 0,1
bis 0,07 Friichten je Bestdubung. Die Staubbeutel beinhalteten nur wenig Pollen
und sehr oft konnten wir nicht vollentwickelte Narben feststellen. Ein zu niedriger
Ansatz von Friichten hatte ein zu niedriges Aufgehen der Samen (31,0 %) und ein
niedrigeres Uberleben (26,0 %) zur Folge. Die F1 Nachkommenschaften waren insge-
samt gynogenetisch. Die beiderseitige Sterilitit wurde von negativen Nebensymp-
tomen (Wachstumsdepression, Kompaktwachstum, Nekrosen) begleitet. Bei der Sorte
Ostravské rané wurden hingegen eine Nachkommenschaften erhalten, bei denen
die mannliche Sterilitdt von einer nur schwachen Beschddigung der weiblichen
Fertilitit begleitet wurde, wobei keine Wachstumsdepressionen auftraten.

Tomaten; Transformation; Plasmid pTiT37; Agrobacterium tumefaciens; Bewertung
der Sterilitat
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EVALUATION OF COMBINING ABILITIES OF MAIZE GENOTYPES
WITHIN A SYSTEM OF TRIALLEL CROSSING

J. Vozda

VOZDA, J. (Mendeleum, Lednice na Moravé): Evaluation of Combining
Abilities of Maize Genotypes within a System of Triallel Crossing. Genet.
a Slecht., 24, 1988 (4) : 293-308.

Applying the results of a three-year evaluation of the set of 360 hybrid
combinations TWC, obtained within a triallel crossing system of 10 parental
genotypes of maize, the analysis of combining abilities was carried out using
a model (Vozda, 1980, 1985; Wolf, 1985) involving the decomposition of
genetic effects and their interactions with experimental years for the eva-
luation of combining abilities in four quantitative traits. As far as the trait
“grain yield per plant” is concerned, it was demonstrated that it was con-
ditioned by cqntijutjons of genotypes in TWC combinations expressed by
GCA effects (gi, pf, hi), and by mutual interactions of genotypes expressed
by SCA effects [ti(jr)] and their interactions of GCA and SCA with expe-
rimental years. Estimated effects of GCA of genotypes represented a sub-
stantial proportion of contributions to the phenotypic value of the trait; the
contribution of g; was the most significant for this value. This fact was ma-
nifested both in a set of hybrid combinations with the maximum value
(positive contributions) and in combinationsA with t{le minimum value (ne-
gative contributions).“The contribution of h; and hr effects was variable,
similarly like that of ti(jr) but with an obvious tendency. From the viewpoint
of the phenotypic value of the trait it is possible to say that estimations of
GCA and SCA effects and their interactions with the environment represent
the most complete information for individual TWC combinations, which can
be used for further breeding.

system of triallel crossing; effects of GCA (éi, ;t,', ilk); effects of SCA [‘ii(ik)];
interactions of GCA and SCA effects with environment

The evaluation of combining abilities of genotypes is one of the
basic preconditions for the selection of prospective hybrid combinations
when using the phenomenon of heterosis within the system of plant
breeding. To obtain information about combining abilities of genotypes,
above all biparental systems are used (diallel crossing — Griffing,
1956; factorial paired crossing — VoZda, 1980b, 1981) in which the
paternal genotypes function as testers against the maternal genotypes
within the framework of the same set or of different sets. These bi-
parental systems of crossing enable the selection of hybrid combi-
nations on the level of single hybrids in which the maternal and the
paternal genotype show mutually high effects of both the general
combining ability (GCA) and the specific combining ability (SCA).

Regarding the fact that besides simple hybrids, also three-way hybrids re-
present the final products of plant breeding, we have constructed a model for the
evaluation of combining abilities within the framework of the triparental system

of crossing (Vozda, 1980b, 1985; Wolf, 1985). The model is derived from the
system of triallel crossing (Rawlings, Cockerham, 1962) which, however,
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was not used in a greater extent due to its complexity and was focussed on the
analysis of variance components in terms of general and specific genetic effects
and effects of the arrangement of genotypes in hybrid combinations. In our model,
the system of triallel crossing was used to estimate the effects of combining
abilities on the base of testing the material in several environments.

The aim of this study is to document the possibilities of this model when
evaluating a concrete breeding material.

MATERIAL AND METHODS

In this study a set of 10 parental, inbred lines of maize was used (i. e. LD29,
LC3, EP1, LC4, CO114, LE6, LC49, LC40, LC140, LC72) from which altogether
= p/p—1/p—2/2 = 360 combinations of three-way hybrids were obtained consisting
of three different genotypes. The reciprocal hybrid combinations were not taken
into account in this crossing.

The experimental material was evaluated in field experiments in 1981—1983.
The experimental scheme involved 4 randomized blocks with single-row plots,
25 plants each, with spacings 70 X 25 cm (i. e. 57,143 plants per hectar). To eva-
luate the phenotypic manifestation of four representative traits (height of plant
in cm, ear height in cm, length of ear in mm, grain yield per plant in gr.), 20 plants
from each plot were used with the exception of marginal plants. The estimation
of effects of combining abilities are presented only for the trait “yield of grain
per plant”.

The analysis of combining -abilities was based on the model relationship

Yitjk)im = u + Ci(jk) + a1 + bim + (aQi(jr)1 + ei(jk)im [1]
where: i, j,k =1,...p; 1l =1,...a;m =1,...b

Yi(jk)Im — phenotypic value of the trait of the i(jk)-th combination in
the m-block of the I-th environment

u — total trait average within the population

Ci(jk) — genetic effect of the i(jk)-th combination

aj — effect of the I-th environment

bim — effect of the m-th block in the l-th environment

(ac)i(jxyr — effect of the interaction of the i(jk)-th combination in the
I-th environment

€i(jk)Im — experimental error [interaction of the i(jk)-th combination]

of the m-th block in the I-th environment

The genetic effect ci(jx) and its interaction with the environment (ac)i(jk):
can be then divided into effects of combining abilities according to the following
equations: R

cijky = gi + hj + he + tigji) ' [2]
and i . . .
(@Q)igjryr = (a@)i + (@h)jy + (@h)r + (at)i(jr) [3]
where: gi, hj, hx — effects of general combining ability (GCA) of the i-th, j-th,
) k-th genotype
ti(jk) — effect of specific combining ability (SCA) expressing the
interaction of two and three genotypes in the structure of
tndllel hybrid combination

(ag)u (ah),r, (ah)u — effect of interaction of GCA of the i, j, k-th genotype
w1th the I-th environment

@t)igjpyr  — effect of interaction SCA of genotypes in the structure of
triallel hybrid combination with the I-th environment

The presented distribution of genetic effects thus involves de facto three types
of effects of combining abilities:
— effect of genotype i as the parent (g) — GCA;

— effect of genotypes j and k as grandparents (ﬁ) — GCA,;, GCAr
— effect of interaction of genotypes i, j, k within the structure of the triallel

hybrid combination (t) — SCA;(jk) which are important from the practical point
of view.
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1. Characteristics of climatic conditions and indices of deviations in the growing
seasons of the experimental years 1981—1983

1981 ! 1982 1983
Characteristics { x
X 1, X Ia X I,
Mean temperature [°C] 15.53 —0.55 16.24 —0.14 17.07 +0.69 16.38
Sum of temperatures 29072.4 —25.5 | 2898.1 —99.8 3123.2 +125.3 | 2997.9
Intensity of solar
radiation [gcal/cm?) 36422.6 —1843.3 |[38863.7 -+598.0 (39511.0 -+1245.3 138 265.7
Sum of precipitation [
[mm] 309.8 - 24.8 282.0 —3.2 ; 263.4 —21.6 285.0

II. Mean values of four quantitative traits and indices of deviations within the set
of triallel hybrids evaluated in 1981—1983

1981 1982 1983
Trait X
x ) £ X 1, X I,

Height of plant [cm] 197.53 —17.81 218.59 +3.25 22990 4-14.56 215.34
Height of ear setting

[em] 66.34 —8.53 75.93 +1.06 82.34 748 74.87
Length of ear [mm] 162.02 0.08 175.30 -+13.36 148.00 —13.44 161.94
Grain yield per plant

(el 11330 533 | 15651 +37.88 86.90 —32.54 |*118.63
RESULTS

In each experimental year, a genetically identical material was
evaluated (i.e. 360 TWC combinations); for that reason the differences
in the phenotypic manifestation of quantitative traits under study were
affected above all by the conditions existing in individual experimental
years. The main meteorological characteristics of experimental years
are presented in Tab. I for the whole growing season (April —
— September).

Conditions of individual experimental years were markedly ma-
nifested in average values of quantitative traits evaluated in our ex-
periments (Tab. II). This is documented also by the environmental
indices (I,). Marked deviations of environmental indices can be ob-
served, above all, in years 1981 and 1983.

Results of a general analysis of variance carried out in the set of
triallel crossing according to four traits under study are presented in
Tab. III. All the sources of variance were seen to participate signific-
antly in the total variability of traits under study. The proportion of
variability (expressed as components of variance), conditioned by
experimental years, is very important for all the traits evaluated. The
proportion of hybrid combinations in the total variability fluctuates,
in spite of its significance, at the level of the proportion of experimental
error. Interactions of hybrid combinations show, similarly as those of
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III. Analysis of variance of 360 triallel hybrid combinations of maize evaluated
according to four quantitative traits and the component of phenotypic variability
in 1981—1983

MS

Source df Ear of height PR
2 ar of heig rain yie
Height of plant setting Length of ear per plant
Years 2 388 483.98 93474.23 258 707.35 1815 966.55
Blocks in years 9 6 046.75 1140.23 717.80 1360.31
Hybrid combinations | 359 1010.31 731.09 1150.08 1918.80
GCAy;, 18 16 854.69 11 296.26 16 685.62 31421.02
GCAy; 9 18 973.83 10 226.81 22301.17 44 681.82
GCAy,. 9 8 656.32 8224.09 5251.21 7992.55
SCA,(M_) 341 173.95 173.40 330.02 361.50
Hybrids < years 718 133.47 123.37 202.40 295.32
GCAy, « years 36 664.49 316.89 2031.16 2568.15
GCAu; - years 18 857.24 283.46 2437.31 3305.98
GCAu, « years 18 323.22 248.81 882.35 994.98

SCAi( sy %
% years 682 105.44 113.16 105.87 175.35
Experimental error |3231 90.17 101.72 71.19 155.38
" Components of phenotypic variability

oi 265.56 (58.2) 64.11 (28.5) 179.07 (49.2) 1260.05 (79.3)

0 QBER 16.55 ( 3.6) 2.88 ( 1.3) 1.80( 0.5) 3.35( 0.2)

0 i, 73.07 (16.0) 50.64 (22.5) 78.97 (21.7) 135.29 ( 8.5)

oic 10.89 ( 2.4) 5.41( 2.4) 32.81 ( 9.0) 34.99 ( 2.2)

0 i 90.17 (19.8) 101.72 (45.3) 71.18 (19.6) 155.38 ( 9.8)

blocks in individual years, a lower proportion than the variance com-
ponent of experimental error.

Basing on results obtained, an analysis of genetic effects ¢, and
their interaction with experimental years (ac)i ., was performed with
regard to effects of combining abilities of inbred lines according to the
trait “grain yield per plant”.

Estimates of GCA effects for individual lines are presented in Tab.
IV; these lines are represented in TWC combmatlons in the same way

as their parents [g,] and grandparents [h and hk] High and positive
values of these effects contribute positively to the phenotypic value of
a trait if they are represented in the same way as the parents or the
grandparents. In all other lines of this set the values of effects are
negative; this means that their contribution to the trait value is ma-
nifested as a decrease in its value.

In Tab. V and VI, characteristics of estimates of effects of combin-
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IV. Estimates of the effect of combining abilities of inbred lines of maize based on
an analysis of the triallel system of crossing

~

Genotype 8i hi = by

LD29 —15.1 —7.5
LC3 — 9.2 —4.0
EP1 —10.8 —3.0
LC4 — 54 0.1
LE6 16.3 7.1
CO114 — 9.3 —4.9
LC49 12.9 6.3
L.C40 3.6 0.1
LC140 10.3 3.6
LC72 6.7 2.2
var(g;) = var(hy) — var(hi) = 0.33

ing abilities and of effects of interactions of combining abilities with
experimental years are presented for 25 TWC combinations showing
the highest values of the trait “grain yield per plant” (Tab. V) and the
lowest values of this trait (Tab. VI).

The total average (u) of the trait “grain yield per plant”, analyzed
within three years in 360 hybrid TWC combinations, was 118.6 g per
plant, i.e. 6.77 t/ha at the given plant density. The estimated effects of
GCA and SCA as well as their interactions with experimental years for
individual genotypes and their combinations express the contributions
to the value of this trait; this results from the model relationships
[2] and [3]. From the viewpoint of analysis of genetic effects and
their interactions with experimental years according to the combining
abilities of genotypes and, thus, their contribution to the phenotypic
value of the trait it is possible to say that these data provide the best
information for breeding purposes.

As mentioned above, the high value of this trait is conditioned in
this set above all by a high effect of CGA of the i-th genotype involved
in the hybrid composition as the parent (g; effect), i.e. by additive
genetic effects. This observation was corroborated by data obtained
from nearly all the 25 best TWC combinations in which the highest

and positive value of the g, effect was observed. As compared with g;,

values of h and h. effects were variable, similarly as those of SCA
effects expressing the contribution conditloned by the interaction of all
three genotypes in the composition of three-way hybrid. A relatively
high degree of variability was found also for effects of interactions
of GCA and SCA with experimental years which can serve for the
evaluation of stability of these effects under concrete environmental
conditions for each hybrid combination.

The proportion of estimates of the effect of combining abilities and
their interactions with the environment (Tab. VI) in 25 TWC combin-
ations showing the lowest values of this trait is characterized by high

GENETIKA A SLECHTEN? — 1988 297



8861 — INJLHOJIS V VILLANID 862

V. Characteristics of combining abilities of genotypes and their interactions with experimental years in 25 triallel hybrids of
maize showing the highest grain yield per plant in 1981—1983 (u = 118.6 g)

. Experi- Effects of combining ability Interaction with environment Grain yield
Hybrid mental ” & % A~ A~ A~ ~ per plant
year & hy hi Ligik) (ag)it (@l (@i (abigrn 3]
LC49 x (LE6 x LC140) I 12.9 1=l 3.6 10.3 1.4 —3.8 1.9 —2.1 149.90
1I (38.1) (20.9) (10.6) (30.4) 1.9 6.3 —0.6 —2.6 157.50
III —3.3 —2.5 —1.3 4.7 150.10
LE6 x (LC49 x LC72) I 16.3 6.3 2.2 5.6 —6.9 —0.1 0.2 —2.9 139.30
11 (53.6) (18.4) ¢ 7:3) (18.4) 12.6 0.8 —0.4 —2.2 159.80
11T —5.7 —0.7 0.2 5.1 147.90
1.C140 x (LE6 x LC49) 1 10.3 7.1 6.3 5.3 27 —3.8 —0.1 —6.1 140.30
11 (35.5) (24.5) (21.7) (18.3) —-0.7 6.8 0.8 —1.6 152.90
I1I —2.0 —25 —0.7 T 150.10
1.C49 x (EP1 x LES®6) I 129 — 3.0 7.1 11.0 1.4 —0.5 —3.8 —0.5 143.10
11 (3790 —( 8.8) (20.9 (32.4) 1.9 0.0 6.3 10.7 165.50
111 —3.3 0.5 —25 —10.2 131.10
LE6 x (LC4 x LC40) I 16.3 0.1 0.1 10.7 —6.9 —1.8 0.8 6.7 144.60
11 (59.9) (0.4) (04 (393 12.6 1.0 0.5 8.0 167.90
111 —5.7 0.8 —1.3 —14.7 124.90
LC140 x (EP1 x LC49) I 103 — 3.0 6.3 13.0 2.7 —0.5 —0.1 —3.8 148.50
II (31.6) —(9.2) (19.3) (39.9) | —0.7 0.0 0.8 21 152.50
111 ' —2.0 0.5 —0.7 1.6 149.60
LE6 x (LC49 x LC140) I 16.3 6.3 36 — 08 —6.9 —0.1 2.0 0.8 139.80
I (60.4) (23.3) (13.3) —( 3.0) 12.6 08 —06  —9.0 147.80
III —5.7 —0.7 —1.4 8.2 144.40
LE6 x (EP1 x LC49) 1 16.3 — 3.0 6.3 4.9 —6.9 —0.5 —0.1 5.2 140.80
II (53.49) —(9.8) (20.7) (16.1) 12.6 0.0 0.8 2.8 159.30
111 —5.7 0.5 —0.7 —8.0 129.20
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Tab. V is continued

8867 — INJLHDOETS V VILLINIAD 008

: Experi- Effects of combining ability Interaction with environment Grain yield
Hybrid mental X A x A~ ~ A s per plant
year & hy hi Licsk) (ag)u (@b (ak)i  (ab)igiy [e]
LC72 x (LE6 x LC140) I 6.7 7.1 3.6 3.8 1.9 —3.8 1.9 —3.8 136.00
1I (31.6) (33.5) (17.0) (17.9) 1.2 6.3 —0.6 —1.0 145.70
111 3.1 —2.5 —1.3 4.8 137.70
LE6 x (LC x LC72) 1 16.3 0.1 2.2 23 —6.9 —1.8 0.2 7.1 138.10
11 (78.0) (0.5) (1050  (11.0) 12.6 1.0 ~0.4 3.4 149.30
III —-5.7 0.8 0.2 —10.5 124.30
LC72 x (LE6 x LC49) I 6.7 7.1 6.3 0.5 1.9 —3.8 —0.1 =59 131.30
11 (32.5) (34.5) (30.6) (24 1.2 6.3 0.8 14.4 161.90
III 3,1 =2.5 —0.7 8.5 141.40
LE6 < (CO114 x L.C49) I 16.3 — 4.9 6.3 2.8 —6.9 0.2 0.0 —5.5 126.90
11 (53.8) —(16.2) (20.8) ( 9.2) 12.6 —3.3 0.8 —3.4 145.80
III1 —-5.7 3.1 —0.8 8.9 144.60
LC140 x (I.C4 < LC49) 1 10.3 0.1 6.3 3.6 27 —1.8 0.0 5.0 144.80
11 (50.8) (05 (3L.0) (17.7) | —0.6 1.0 0.8 ~3.9 136.20
111 —-2.1 0.8 —0.8 —1.1 135.70
LE6 x (LC4 x CO114) I 16.3 0.1 — 49 8.7 —6.9 —1.8 0.2 —4.0 126.30
11 (54.3) (0.3) —(16.3) (29.1) 12.6 1.0 —3.3 —4.2 144.90
111 —5.7 0.8 3.1 8.2 145.20
LE6 x (LD x LC140) 1 16.3 — 75 3.6 6.9 —6.9 0.7 1.9 —8.6 125.00
11 (47.5) —(21.9) (10.5) (20.1) 12.6 0.4 —0.6 2.8 153.10
111 —5.7 —1.1 —1.3 5.8 135.60
LC49 x (LC4 x LE6) 1 12.9 0.1 7.1 — 0.9 1.4 =18 —=3.8 —2.6 131.00
11 (61.4) (05) (33.8) —( 4.3) 1.9 1.0 6.3 0.9 146.10
111 —-33 0.8 —25 3.5 136.30




and negative values of _Z],- effects and, predominantly, also of 71,- and 7zk

effects including effects of SCA (%,); this characterizes the low
combining ability of parental genotypes in TWC combinations.

Comparisons of both groups of hybrid combinations show that the
degree of heterosis effects is conditioned above all by the genetic
principle of parental genotypes which is manifested partly through the
contribution of individual lines into the hybrid combination and partly
through the mutual interaction of these genetic principles in the
composition of hybrid combination and partly through the mutual
interaction of these genetic principles in the composition of hybrid
combination.

From this viewpoint, it is of interest to compare the contributions
of individual genotypes to the phenotypic value of the trait in hybrid
combinations, expressed by means of relative proportions of GCA
(effects g,, h,, h,,] and SCA (effects t,,,k,] It is possible to say that, in
principle, these are the contributions of genotypes and their interactions
to the composition of hybrid which are conditioned by additive and
non-additive gene effects. From this viewpoint it is possible to say that
the additive gene effects play a decisive role both in terms of the
increase in the trait value and of its decrease (only in combinations
LC4 X (EP1 X LC72) and LG4 X (EP1 X LC140) the non-additive effects
predominate which decrease the value of this trait in a more significant
manner).

The combining ability existing within the set of parental hnes is
indicated also by data about their proportion in compositions of three-
-way hybrids showing a different level of phenotypic manifestation of
this trait (Tab. VII).

In 25 TWC combinations with the highest values of the trait “grain
yield per plant”, four lines (LE6, LC49, LC140, LC72) are represented as
parents (A..) but with different frequencies. As grandparents (.B. or
.C), 8 and 6 inbred lines, respectively, are represented. Of the best
performing combinations the line LC3 is not represented and the lines
LD29, CO114 and LC140 occur with the minimum frequency. In 25 TWC
combinations with the lowest values of this trait all inbred lines are
represented excepting the line LE6; the most frequent are the lines
showing the lowest values of GCA effects (i.e. LD29, EP1, CO114, LC4
and LC3). In the remaining 310 TWC combinations the representation of
all lines of the experimental set shows the expected frequency.

As far as the combining abilities of genotypes are concerned the
obtained results document that the analysis of the system of triallel
crossing provides information which is very important and useful for
breeding purposes.

DISCUSSION

The evaluation of combining abilities of genotypes represents one
of the principal procedures in maize breeding enabling a purposeful
selection of initial material for the production of high performing
hybrid combinations. The evaluation of combining abilities may be
carried out only when applying certain systems of crossing genotypes
and testing the hybrid progenies. Different systems of biparental cross-
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VI. Characteristics of combining abilities of genotypes and their interactions with experimental years in 25 triallel hybrids of
maize showing the lowest grain yield per plant in years 1981—1983 (u = 118.6 g)

. Experi- Effects of combining ability Interaction with environment Grain yield
Hybrid mental & & & ~ A A~ A~ per plant
year & hy hi Tigjk) (ag)u (ah)j (@) (at)ijeen [g]
EP1 x (LD29 x LC4) 1 10.8 — 7.5 0.1 —14.6 —1.6 0.7 —1.8 3k 86.2
II —(32.7) —(22.7) (03) —(44.3) | —2.0 0.4 1.0 —83 76.9
111 3.6 —1.1 0.8 5.2 94.3
LD29 x (EP1 x CO114) I —15.1 = 3.0 — 49 — 8.3 —0.4 —0.4 0.2 45 91.2
11 —(48.2) —(9.6) —(15.6) —(26.5) —0.1 0.0 —3.3 0.6 84.5
111 0.5 0.4 3.1 —5.1 86.2
EP1 x (LC4 x CO114) 1 —10.8 — 4.0 — 4.9 —13.3 —1.6 —1.8 0.2 —1.3 81.1
1I —(32.8) —(12.1) —(14.8) —(40.3) —2.0 1.0 —3.3 —5.2 76.1
111 3.6 0.8 3.1 6.5 99.6
LD29 x (LC3 x CO114) I —15.1 — 4.0 — 49 — 4.1 —0.4 2.2 0.2 —2.2 90.3
11 —(53.7 —(14.2) —(17.5) —(14.6) —0.1 —4.6 —3.3 —3.6 78.9
111 0.5 2.4 3.1 5.8 102.3
CO114 x (LD29 x LC3) 1 —~93 =75 ~—80 —4% 0.8 0.7 22 32 92.3
11 —(34.7) —(28.0) —(14.9) —(22.9) —-17.5 0.4 —4.6 4.2 84.3
111 6.7 —1.1 2.4 —1.0 98.8
LC4 x (LD29 x EP1) I — 54 - 75 — 3.0 — 9.9 —1.2 0.7 —0.4 —1.1 90.8
11 —(20.9) —(29.1) —(11.6) —(38.4) —0.3 0.4 0.0 —8.6 84.3
111 1.5 —1.1 0.4 9.7 103.3
CO114 x (LD29 x EPl) I — 93 - 75 — 3.0 — 6.0 0.8 0.7 —0.4 —3.3 90.6
I —(36.0) —(29.1) —(11.6) —(23.3) | —175 0.4 0.0 0.7 86.5
111 6.7 —1.1 0.4 2.6 101.4
EP1 x (LC3 x LC4%) 1 —10.8 — 4.0 0.1 — 9.2 —1.6 2.2 —1.8 6.0 99.5
11 —(44.8) —(16.6) (0. 4 —(38.2) | —2.0 —4.6 1.0 —6.7 82.4
111 3.6 2.4 0.8 0.7 102.2
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—33
3.1
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—0.3
0.5
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97.9
84.6
103.1
99.2
93.5
94.7
88.1
89.3
100.9
91.6
91.5
107.3
97.6
93.1
99.7
98.3
97.7
95.9
94.7
88.9
108.3
95.3
92.9
104.0
95.2
95.6
101.7




Tab. VI is continued
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) Experi- Effects of combining ability Interaction with environment Grain yield
Hybrid mental & & « ~ A A A per plant
year & hq hy Lisk) (ag)u (ah)j  (al)k  (ab)igrn (el
LD29 x (LC3 x EP1) I —15.1 — 4.0 — 3.0 1.7 —0.4 2.2 —04 —3.5 96.1
II —(63.4) —(16.8) —(12.6) (7.2) —0.1 —4.6 0.0 7.6 101.1
III 0.5 2.4 0.4 —4.1 97.4
LD29 x (EP1 x LC4) 1 —15.1 — 3.0 0.1 — 2.2 —04 —0.4 —1.8 —-5.4 90.4
11 —(74.0) —(14.7) (0.5) —(10.8) —0.1 0.0 1.0 4.4 103.7
111 0.5 0.4 0.8 1.0 101.1
LD29 x (LC3 x LC40) I —15.1 — 4.0 0.1 — 09 —0.4 2.2 - 0.8 —4.6 96.7
1I —(75.1) —(19.9) (05 —(45) —0.1 —4.6 0.5 4.5 99.0
III 0.5 2.4 —1.3 0.1 100.4
LC4 x (EP1 x LC72) I — 54 - 3.0 2:2 —13.8 —1.2 —0.4 0.2 —5.1 92.1
11 —(22.1) —(12.3) (9.0) —(56.6) —0.3 0.0 —0.4 -39 94.0
111 1.5 0.4 0.2 9.0 109.7
EP1 x (LD29 x 1.C40) I —10.8 — 75 0.1 — 1.6 —1.6 0.7 0.8 —0.4 98.3
11 —(54.0) —(37.5) (05 —(8.0 —2.0 0.4 0.5 25 100.2
111 3.6 —1.1 —1.3 —2.1 97.9
CO114 x (LC3 x LC40) I — 93 — 4.0 0.1 — 6.1 0.8 2.2 0.8 —~7.4 95.7
II —(47.7) —(20.5) (05 —(31.3) —17.5 —4.6 0.5 1.7 95.4
111 6.7 2.4 —1.3 —0.3 106.8
LC4 x (EP1 x LC140) I — 5.4 — 3.0 3.6 —14.3 P e 1.2 —0.4 2.0 —1.3 98.6
11 —(20.5) —(11.4) (3.7 —(4.49 —0.3 0.0 —0.6 —9.2 89.4
111 1.5 0.4 —1.4 10.5 110.5
LD29 < (LC3 x LC72) I —15.1 — 3.0 2.2 — 3.0 —0.4 —0.4 0.2 —3.5 95.6
II —(64.8) —(12.9) (9.4 —(12.9 —0.1 0.0 —0.4 —2.9 96.3
III 0.5 0.4 0.2 6.4 107.2
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VII. Representation of parental hybrids in 360 hybrid combinations of triallel hybrids of maize evaluated according to the trait

“grain yield per plant”

Actual representation Representation of genotypes | Representation of genotypes | Representation of genotypes
Genotype of genotypes in the best combinations in the worst combinatoins in the mean combinations

s i ok [%] Bow o aol [%] fis 4 ek (%] Do afs ul (%]

LD29 36 72 — 108 100.0 | — 1 - 1 09 10 7 — 17 157 | 26 64 — 90 834
LC3 36 64 8 108 100.0 < - — — 0.0 1 6 1 8 7.4 35 58 7 100 92.6
EP1 36 56 16 108 100.0 | — 4 - 4 3.7 6 6 4 16 148 | 30 46 12 88 8l.5
LC4 36 48 24 108 100.0 | — 8 - 8 7.4 5 3 3 11 102 | 31 37 21 89 824
LE6 36 40 32 108 100.0 | 10 5 2 17 157 - - - = 0.0 | 26 35 30 91 843
CO114 36 32 40 108 100.0 | — 1 1 2 19 3 3 7 13 120 | 33 28 32 93 86.1
LC49 36 24 48 108 100.0 9 3 7 19 17.6 - — 1 1 0.9 27 21 40 88 815
1.C40 36 16 56 108 100.0 | — 2 1 3 28 - - 4 4 37 (3 14 51 101 935
1L.C140 36 8 64 108 100.0 4 1 7 12 11.1 | — - 2 2 1.9 32 7 55 94 87.0
LC72 36 — 72 108 100.0 2 ~ 7 9 8.3 - - 3 3 2.8 34 = 62 96 88.9




ing are the most frequent and, of them, that of diallel crossing (Grif -
fing, 1956; Turbin et al, 1974; VoZd a, 1980a, b) which is based
on the crossing within the set of selected genotypes is the most impor-
tant. Within the framework of biparental crossing, we have elaborated
a factorial system of paired crossing (VoZda, 1980, 1981, 1985)
which is based on the hybridization of two non-relative sets of geno-
types. Both systems are based on estimates of effects of combining
abilities using the analysis of hybrid combinations on the level of
single hybrids.

Rawlings and Cockerham (1962) and, later on, also
Hinkelmann (1964) elaborated a system of crossing genotypes
on the level of three-way hybrids which is designated as triallel cross-
ing performed within the framework of a set of genotypes. However,
this system was not used in greater extent due to its experimental
complexity and low informative value. It was used in our laboratory
(VoZda, 1985) and its application was extended to the analysis of
combining abilities of genotypes on the level of triparental crossing
(VoZda, 1980, 1985; Wolf, 1985). Although the triallel system of
crossing requires a considerable number of hybrid combinations
( _ P(p-1) (p-2)

e=—"2

for substantiated because it provides very valuable 1nf01mat10n suit-
able for breeding purposes; this was documented by the results ob-
tained.

In the same way as biparental systems of crossing (VoZda, 1988)
require an evaluation in different environments for reliable estimates
of effects of combining abilities (of years, localities) it is necessary to
improve the informative value of triallel systems of crossing by means
of its testing in different environments. Results presented in this study
showed significant differences in estimates of the effects of combining
abilities in the individual years; this reduced their reliability and in-
formative value.

The objectivized estimates of effects of GCA and, SCA in triparental
hybrid combinations show that the phenotypic value of the trait “grain
yield per plant” is conditioned above all by additive effects the most
important of which in hybrid combinations with the highest and the
lowest perfornzance is the contribution of the first genotype in the TWC

combination (g; effects) as the parent. Effects h; and h, as grandparents
show to be variable in TWC combinations. The contributions of the
effect of SCA, expressing the interaction of genotypes resulting from
non-additive genetic effects, preserve a distinct tendency in TWC
combinations in spite of thelr specifity; this is documented above all in
Tabs V and VI.

The application of tr1parental systems of crossing in breeding
practice may be markedly supported by our system of trifactorial cross-
ing (i.e. crossing of three unrelated sets of genotypes) which enables
to use a higher number of parental genotypes with the same number of
hybrid combinations as in the triallel system of crossing. In the triallel
system it is necessary to obtain 360 hybrid combinations from 10 geTio-
types while in the trifactorial system 343 combinations are obtained
from 21 genotypes.

)for the analysis it is possible to hold its application
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VOZDA, J. (Mendeleum, Lednice na Moraveé): Hodnoceni kombinaénich schopnosti
genotypl kukutice v systému trialelnitho k¥iZeni. Genet. a Slecht., 24, 1988 (4) :
293-308.

Na zakladé triletého hodnoceni souboru 360 hybridnich kombinaci TWC, ziskanych
trialelnim systémem KkriZzeni 10 parentalnich genotypt kukufice, byla provedena
analyza kombinaénich schopnosti s vyuzitim modelu (Vozda, 1980, 1985; Wolf,
1984), zahrnujiciho rozklad genetického u¢inku a jejich interakeci s pokusnymi roé-
niky pro hodnoceni efektti kombinaénich schopnosti u étyt kvantitativnich znaku.
Pro znak vynos zrna na rostlinu bylo v hodnoceném souboru prokazano, ze Je pod-

minén piinosy genotypt ve skladbach TWC, vyjadrenych efekty GCA (g,, h,, h;\)

vzajemnou interakei genotypt, vyjadienych efekty SCA (t,(,k)) a jejich interakcemi
GCA a SCA s pokusnymi roc¢niky. Odhadnuté efekty GCA genotypt tvori podstat-
nou ¢ast prinost k fenotypové hodnoté znaku, priéemz piinos gi je pro tuto hod-
notu nejvyznamnéjsi. Tato skuteénost se projevila v souboru hybridnich kombinaci
s nejvysst hodnotou (pozitivni prinosy), tak i v kombinacich s nejniz$i hodnotou
znaku (negativni prinosy). Variabilni je prinos efektii h; a hk, podobné jako ti(jk),
avSak se zrejmou tendenci. Z hlediska piinostt k fenotypové hodnoté znaku tvori
odhady efektii GCA a SCA spolu s jejich interakcemi s prostredim nejuplnéjsi
a Slechtitelsky pouzitelnou informaci pro jednotlivé kombinace TWC.

trialelni systém krizeni; efekty GCA (éi, fz,', ;T:Ie)Q efekty SCA (ii(,-m); interakce efektu
GCA a SCA s prostredim

BOXAA, A. (MeHpeneym, /leanuue Ha Mopagse): OueHka KOMGMHALUOHHBIX CNOCOGHOCTEH
reHoTUNOB KYKYPY3bl B CHCTeMe TpuannensHoro ckpewmMsauus, Genet. a Slecht., 24, 1988
(4) :293-308.

Ha ocHosawuu TpexneTHero ucnbitaHus 360 TpexnuHedHbIX FMEPHMAHBIX KOMOMHAUMM, Mo-
NYYEHHbIX CUCTEMOW TpHannensHoro ckpewueadus 10 poOAMTENbCKUX TEHOTUNOB KYKYPY3bl,
6bln  npoBeAeH aHanM3 KOMOMHAUWCHHBIX CNOCOGHOCTEH C WCNONb30BAHUEM MOAENH
(Boxpa, 1980; Bonbd, 1985), Bkmwouawoweid PpasnoxeHWe reHETHUECKOro 3ddekTa
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W €ero B3aUMOAEWCTBUS C rogaMu MCMbITaHWUK AN OUEHKW 3MPPEeKTOB KOMOMHALWUOHHbIX
CrnocoGHOCTerH UYeTbipex KONWUECTBEHHbIX NPU3HaKoB. AHanu3 nokasan, YTo MpU3HaK «ypo-
XaWHaCTb 3epHa Ha pacTeHWW» 06yCNOBNEH BHOCAMW TEHOTUMNOB B TPEXNWUHENHbIE rHOpPUADI,

sblpaxawwmnmmucs addektamu OKC (gi, hj, hk), B3aumMogeiCTBMEM reHOTHUNOB, npea-

crapieHHbix addektamu CKC (tirjk)) u Takxe B3aumopeiicteBueM OKC u CKC no rogam
ucnbiTaHMi, ekt OKC reHoTUNOB COCTaBNSIOT CYLWECTBEHHYIO 40N (EeHOTUNMYECKOro

npoaABNEHUA nNpH3HakKa, npuueM 3MMEeKTbl g; ABAATCSH Hanbonee 3HauuTeNbHbIMKU. 3TO
06CTOATENLCTBO nposBHUIOCbL Kak B FHdpnﬂHbIX KOMOGHUHaUMAX C Haubonee BbICOKMMM 3Ha-
UEHUSMU NpH3HaKa (nOIIO)KMTeIIbele SQ)(I)BKTH), Tak M KOMOMHauuax C Haubonee HU3KUMH

3HauyeHHWsMM npH3Haka (oTpHuaTenbHble addekTbl). fons addektos hj u hi, Takxe kak

u ticjk) 3HauMTeNbHO BapWabUNbHa, XOTA W Y HWUX NPOABNAETCA sBHas TeHAeHuus. C Touku
3pEHUs BKNajOB TFEHOTUNOB K (EeHOTUNUUECKOMY MNPOSBNEHUIO NPU3HaKa NpeACTaBAsIoOT
oueHku acpopektos OKC u CKC, coBMEeCTHO C UX B3aMMOAEWCTBUEM MO rogaM WUCNbITaHUW,
Hau6onee NOMHYKD W CENEKUUOHHO MCMNONb3yeMyld WHMOPMaUUI0 AN KaXAOW KOHKPETHOW
KOMOMHaUWK TPEXNHHEHHbIX THOPHAOB.

TpuannenbHas CHCTeMa CKpewMnBaHus; addektor OKC (gA],', ,i'l,‘, fzk); acphekTel CKC (2;(;k));
B3aumogencteue acpdpektos OKC u CKC c cpeaom

VOZDA, J. (Mendeleum, Lednice na Moravé): Bewertung der Kombinationseignung
der Maisgenotypen im System der Dreiallelkreuzung. Genet. a Slecht., 24, 1988 (4) :
293-308.

Aufgrund einer dreijahrigen Bewertung einer Kollektion von 360 Hybridkombi-
nationen von TWC, die im Rahmen des Dreiallelkreuzungssystems erziichtet wur-
den, in dem 10 parentale Maisgenotypen gekreuzt worden waren, analysierten wir
die Kombinationseignung unter Anwendung eines Modells (Vozda, 1980, 1985;
Wolf, 1984), das die Zerlegung der genetischen Wirkung darstellt, ferner ihre
Wechselwirkungen mit Versuchsjahrgingen zwecks Bewertung der Effekte der
Kombinationseignung bei vier Quantitdtsmerkmalen. Fiir das Merkmal Kdérnerertrag
pro Pflanze konnten wir in der bewerteten Kollektion nachweisen, dass es von
Beltragen de1 Genotypen in der Zusammensetzung von TWC, die durch die Effekte
GCA (g,, h,, hk) durch eine gegenseitige Wechselwirkung der Genotypen die durch
die Effekte SCA (t,(,k)) ausgedriickt sind und durch ihre Wechselwirkungen GCA
und SCA mit Versuchsjahrgiangen bedingt ist. Die geschidtzten Effekte GCA der
Genotypen bilden den wesentlichen Teil der Beitrige zum phenotypischen Wert
des Merkmals, der Beitrag g; ist dabei fiir diesen Wert der bedeutendste. Diese
Tatsache fand in einer Gruppe von Hybridkombinationen mit hoéchstem (positive
Beitrdge), als auch mit niedrigstem Wert des Merkmals (negative Beitrige) ihren
Niederschlag. Variabel ist der Beitrag der Effekte h, und hk als auch des Effektes
tu,k), aber mit einer offenbaren Tendenz. Aus der Sicht der Beitrdge zum pheno-
typischen Wert des Merkmals bilden die Schitzungen der Effekte GCA und SCA
mit ihren Wechselwirkungen mit der Umwelt die beste und ziichterisch ausnutz-
bare Information fiir einzelne TWC-Kombinationen.

Dreiallelkreuzungssystem: Effekte GCA (gi, hj, hi): Effekte SCA (fijr)); Wechsel®
wirkung der Effekte GCA und SCA mit der Umwelt

Author’s address:

Doc. dr. Jan VozZda, CSc., Mendeleum, védecké pracovi§té Vysoké Skoly zemé-
délské v Brné, 691 44 Lednice na Moravé
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ACCELERATION OF BREEDING PROCESS OF WINTER
CEREALS BY GROWING THE 3rd GENERATION IN A PLASTIC
HOUSE WITH WASTE-HEAT SYSTEM

J. Spunar

SPUNAR, J. (OSEVA — Research and Breeding Institute of Cereal Growing,
Kromériz): Acceleration of Breeding Process of Winter Cereals by Growing
the 3rd Generation in a Plastic House with Waste-Heat System. Genet.
asSlecht., 24, 1988 (4) : 309-314.

The three-year results are summarized of growing spring and winter cereals
in a plastic house with waste-heat system in the period of January — June.
The complete vernalization took place in winter cereals and there was no
winter Kkilling in spring cereals, Cereal growing in this period is practised
to maintain the continuity of breeding process by means of growing the 3rd
generation of winter cereals immediately after the two generation of cereals
had been grown in the previous year.

cereals; energy; breeding; shorthening of breeding process

Growing 2 — generations a year is one of the most efficient
measures for acceleration of the breeding process. Breeders of West
European countries have their 2nd barley generation multiplied on the
South Hemisphere, mainly in Chile and New Zealand (Persson et
al.,, 1975; Mc Evan, 1983 — written report). In the CMEA countries,
extensive glasshouse and phytotron complexes were constructed: Hun-
gary — Martonvasar (Rajki, 1982), Soviet Union — Odessa (Sozi-
nov, 1978) etc. In Czechoslovakia practically all breeding stations
dealing with cereals have built glasshouses for cultivating 2 — 3 gener-
ations within a year. Cultivation in glasshouses and in phytotrons in
autumn and particularly in winter consumes a great amount of energy.
Electric energy consumption for artificial illumination in spring barley
alone grown in glasshouse, is as high as 850—1500 kWh/m? (Spunar,
1979), and in a phytotron 3600 — 5200 kWh/m? (Birjukov et al,
1982). Spunar and Malovanda (1984) elaborated a system of
two winter barley generations with minimum material and energy
costs. This system can also be applied in wheat breeding. Having
harvested the 2nd generation during autumn the problem arises of
maintaining the continuity of the breeding process in cultivating the
3rd generation. The purpose of the presented publication is to cha-
racterize the cultivation of the 3rd winter cereals generation in the
period of January — June in a plastic house, warmed with the waste-
-heat produced by the gas compressor station at HruSky near Breclav,
Czechoslovakia.
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MATERIALS AND METHODS

Upon agreement with the managers of the Joint Agricultural Enterprise at
Tvrdonice, South Moravia, which uses the glass- and plastic-house complex for
vegetable production, one plastic-house was selected for the experiment. The plastic-
-houses (all built from unified ready-made parts) have dimensions as follows:
50 m length, 8 m width, 3 m height to the top. The soil was prepared by rotavating.
The sowing dates were as follows: 1985 — January 1; 1986 — January 15; 1987 —
January 25.

The following cultivars were chosen in each of the years:

Cereal 1985 1986 and 1987

winter wheat Mironovskaya Mironovskaya, BR-55, Selekta,
Mara, Hana, Viginta, Solaris

rye Dankovské nové Dankovské nové

winter barley Erfa Erfa

spring barley Zenit Zenit

oats Pan Pan v

Seeding was performed by hand. The spacing was 12,5 cm X 3.5 c¢m, each
cultivar in one row, i. e. 30 seeds. Plant height, ear (panicle) length and yield com-
ponents were determined from ten main tillers of random sampled plants.

RESULTS

Tab. I, II, III illustrate the course of vegetative phases in individual
years. From the results it follows that the intentionally delayed sowing
date did not influence negatively the plant growth and development.
Although both winter and spring cereals were grown together, it was
proved, that even winter rye, which is most sensitive to good vernaliz-
ation was vernalized sufficiently and showed no delay in the onset of
developmental phases, especially that of heading. There were great
differences between the species and varieties, particularly in winter
wheat, as for onset of individual phases of development in comparison
with cultivation in the field.

Tab. IV, V and VI contain an evaluation of the basic characte-
ristics essential from the economic and yield points of view. Assuming
grain production from the main ear as being only 20 — 60 grains, then
regardless of grain production from the remaining tillers it is possible
to consider the coefficient of multiplication of 20 — 60 as being satis-
factory. 1000-grain weight varied from year to year and the highest
one was recorded in the earliest seeding date (1985).

I. Course of cereal growing in the heated plastic house in 1985

Caultivar Emergence Earing riggggss :;I;é:;:;
Mironovskaya 28. 1. 6. 5. 30. 5. 15. 6.
Erfa 26. 1. 27. 4. 20. 5. 8. 6.
Dankovské nové 6. 2. 29. 4. 24.5. 10. 6.
Zenit 25. 1. 26. 4. 30. 5. 9. 6.
Pan 27. 1. 29. 4. 23.5. 13. 6.
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II. Course of cereal growing in the heated plastic house in 1986

Cultivar Emergence Earing .Mllk Harvest
ripeness ripeness
Mironovskaya 1. 2. 28. 4. 20. 5. 1. 6.
BR 55 1. 2. 24. 4. 19. 5. 1. 6.
Selekta 2: 2; 25. 4. 20. 5. 2. 6.
Mara 2. 2. 25. 4. 20. 5. 2. 6.
Hana 2. 2. 25. 4. 20. 5. 2. 6.
Viginta 22 25. 4. 21.5. 3..6.
Solaris 1. 2: 27. 4. 24. 5. 4. 6.
Erfa 1. 2; 24. 4. 19. 5. 30:.5.
Darnikovské nové 1. 2. 23. 4. 19. 5. 30. 5.
Zenit 1.92; 24 4. 20. 5. 1. 6.
Pan 1.2; 29. 4. 27. 5. 6. 6.
III. Course of cereal growing in the heated plastic house in 1987
. . Milk Harvest
Cultivar Emergence Earing sipeness ripeness
Mironovskaya 13. 2. 10. 5. 10. 7. 31. 7.
BR 55 13. 2. 10. 5. 12. % 31. 7.
Selekta 9. 2. 5:5; 8 25. "
Mara 9. 2. 26. 4. 5. 7. 28.17.
Hana 9. 2. 30. 4. 8. 7. 26. 7.
Viginta 9. 2. 30. 4. 8.7. 28. 7.
Solaris 9. 2 30. 4. 4. 7. 24.17.
Erfa 4. 2. 26. 4. 30. 6. 22.17.
Darikovské nové 5; 2; 26. 4. 4.17. 26.17.
Zenit 5. 2. 26. 4. 30. 6. 23. 7.
Pan 9. 2. 9.:5. 1. 7. 26. 7.
IV. Results of cereal growing in heated plastic house in 1985
Plazit Ear- Grain 1000
s : No. of panicle Grains/ | weight/ grain
Cular l}zlrik]lt tillers length ear ear weight
[cm] [g] [g]
Mironovskaya 120 2.5 10.5 45.0 2.16 48.9
Erfa 110 5.0 8.0 55.5 2.88 52.0
Dankovské nové 160 2.0 12.0 52.0 2.41 46.5
Zenit 95 _ 6.5 11.0 28.8 1.62 56.5
Pan 110 i 4.2 28.0 49.5 1.91 38.5
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V. Results of cereal growing in heated plastic house in 1986

Ly No. of paExfil;:_lc Grains/ \agir;lilr:/ éx(')z?lg
Gl h[il[it]“ ti]l;:rs length ear ear weight
[em] [e] [e]

Mironovskaya 100 2.8 10.25 41.0 1.92 46.8
BR 55 80 3.5 8.95 37.6 1.11 29.5
Selekta 65 4.6 7.65 32.2 1.21 37.6
Mara 70 2.8 6.95 28.1 1.29 45.9
Hana 90 33 7.70 37.8 1.71 45.2
Viginta 80 3.8 7.35 31.4 1.16 36.9
Solaris 80 2.5 7.35 26.3 1.16 44.1
Erfa 110 4.5 6.85 47.0 2.24 47.7
Dankovské nové 140 1.8 10.70 48.9 2.09 42.7
Zenit 80 5.6 9.70 28.4 1.64 57.7
Pan 120 45 29.30 55.1 1.90 34.4

VI. Results of cereal growing in heated plastic house in 1987

Plant No. of pf:iz:_lc Grains/ vgir;{'::/ ;gg?l
Cultivar h[?:iri}]lt till;:rs length ear ear weight
[cm] [g] [g]
Mironovskaya 110 2.5 9.9 28.3 0.78 27.4
BR 55 85 1.5 7.9 28.8 0.58 20.8
Selekta 70 2.5 7.8 25.4 0.79 31.1
Mara 85 2.0 8.5 26.0 0.99 32.4
Hana 80 1.5 7.8 24.2 0.53 21.9
Viginta 75 2.0 7.6 18.2 0.38 20.9
Solaris 75 3.0 7.5 45.0 2.10 46.7
Erfa 105 3.2 8.5 59.9 2.79 46.6
Dankovské nové 130 1.8 11.5 34.0 1.10 32.4
Zenit 95 45 7.5 13.2 0.60 45.6
| Pan 110 3.0 25.0 53.2 1.94 36.5
DISCUSSION

Krekule (1982) holds the perfect course of vernalization as
a fundamental condition for harmonic transition to the generative
phase.

If the normal course of vernalization in natural conditions was held
as the major aim of the above experiments, with no negative influence
on subsequent growth and development and with no frost-killing of
the spring cereals, it is possible to say that this aim was fulfilled.
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Abakumenko (1980) shows that cereals sown in a glasshouse or
a plastic-house artificially heated to let the cereals emerge and to main-
tain the temperature of 5°C are the same in development as the cereals
sown in autumn in field conditions.

With cereals cultivated in this way, reliable selection for produc-
tivity can be performed. On the other hand, Fedak and Fejer (1975)
confirmed that if vernalization is performed in artificial environment,
productivity cannot be evaluated. In the given case if the plastic film is
removed after vernalization the cereals will grow in natural conditions,
the plants being exposed to stress factors (lodging, disease infections,
high temperature) etc. This means that selection for productivity and
other characters can be done. It is a point of discussion from the point
of view of the plant breeder’s practical concern whether it is more
advantageous either to multiply the 3rd generation at a comparatively
remote place in plastic houses using waste-heat or to build such
a plastic-house at the breeding station itself. System of growing 2
generations of winter cereals is described in details by Spunar and
Malovana (1984). The described system of growing is in its complex
cheaper than growing in the controlled-environment rooms (Bi-
ryukov etal., 1982).
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SPUNAR, J. (OSEVA — Vyzkumny a Slechtitelsky ustav obilnarsky, Kromériz):
Urychleni §lechtitelského procesu ozimiych obilnin péstovanim tieti gemerace ve fo-
liovniku vytdpéném odpadnim teplem. Genet. a Slecht. 24, 1988 (4) : 309-314.

V praci jsou shrnuty trileté vysledky péstovani jarnich a ozimych obilnin ve f6-
liovniku vytapéném odpadnim teplem v obdobi leden aZ c¢erven. Plna jarovizace
probéhla u ozimych obilnin a nedo$lo k poSkozeni jarnich obilnin chladem. Pésto-
vani obilnin v tomto obdobi ma vyznam pro udrZeni kontinuity Slechtitelského
procesu, ponévadz treti generace je péstovana ihned po sklizni druhé generace.

obilniny; energie; zkraceni Slechtitelského procesu; péstovani ve féliovniku

WNYHAP, 51. (OCEBA — HayuHOo-UCCNeA0BaTENbCKUIA WU CENEKLUMOHHbIH MHCTUTYT 3€pHO-
BbIX KynbTyp, Kpomepxux): YCKOPeHHe CenekuMoOHHOro npouecca 03UMbIX 3€PHOBBLIX KYNb-
TYP BblpawMBaHWem TpeTei reHepauuu noj NNEHKOW C OTONNEHUWEM OTPAGOTaHHbLIM TEMNOM.
Genet. a Slecht., 24, 1988 (4) :309-314.

MNpUBOAMTCH aHanU3 TpexNeTHUX Pe3ynbTaToOB, MONYUYEHHbIX MPU BbIPAWMBAHUKU SIPOBbLIX
M O3MMbIX 3EPHOBbIX KYNbTYp MOA MNEHKOW C OTOMNEHUEM OTPaBOTaHHbIM TENNOM B NEPUOA
SHBapb—MIOHb. Y O03MMbIX Npolna TONbKO SPOBMU3aLMUS W Y SPOBbIX HE OTMeYanocCb no-
BPEXAEHWs 3WMMOW. BblpawMBaHue 3epHOBbIX KY/IbTyp B 3TOT NEPUOA NpeaycMaTpuBaetcs
AN COXpaHeHUs HENpPEepbIBHOCTU CENEKUMOHHOro npouecca BblpawUBaHUEM TPETbEn re-
HEpauuu O3WMbIX 3EPHOBbIX MOCNEe CO34aHWUs ABYX reHepauuit B npeablaywem roay.

3epHOBble KYNbTypbl; 3HEPrus; Cenekuus; CoKpauleHle CenekuMOHHOro npouecca

SPUNAR, J. (OSEVA — Forschungs- und Ziichtungsinstitut fiir Getreidebau, Kro-
mériz): Die Beschleunigung des Ziichtungsprozesses von Wintergetreidearten durch
Ziichtung der 3. Generation im Folienhaus bei Abfallwdrmeheizung. Genet. a Slecht.,
24, 1988 (4) : 309-314.

Im Beitrag sind die dreijdhrigen Resultate des Anzucht von Sommer- und Winter-
getreidearten im Folienhaus mit Abfallwdrmeheizung in der Periode Januar—Juni
zusammengefasst. Bei Wintergetreidearten ist die Jarowisation verlaufen und die
Sommergetreidearten sind nicht beschiddigt worden. Der Anbau in dieser Periode
solte fiir die Erhaltung der Kontinuitdt des ziichterischen Prozesses dienen, das der
Anbau der dritten Generation der Wintergetreidearten unmittelbar nach der Ernte
von zwei vorhergehenden Generationen erfolgt.

Getreidearten; Energie; Ziichtung; Verkilirzung der Ziichtung
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PERFORMANCE AND GENETIC PARAMETERS OF THE SYNTHETIC
POPULATIONS OF RED CLOVER

M. Uzik

UZIK, M. (Research Institute for Crop Production, Pie$fany): Performance
“and Genetic Parameters of Synthetic Populations of Red Clover. Genet.
a Slecht., 24, 1988 (4) : 315-324.

From a set of 40 families we chose the first two, or five with the highest
values of green matter yield (H), seed yield (S), persistence (T) and also those
with all three above — average characters (I). The performance of the families
was expressed in 9, of the trial average (Sp) and in 9%, of the average of
systematically included control variety (Sp). We also made negative selection
for the characters H, S, T. For the production of genotypic synthetic popul-
ations (Syn G) we used the seed from the reserve of mother plants from
which the families were grown. For phenotypic synthetic populations (Syn P)
the seed from the test of families was used. We tested the populations at three
localities using the seed originating from its multiplication in the sowing
year. The number of components influenced neither the average nor the
variability of the characters of populations. Genotypic selection was more
effective than phenotypic one. Among populations of Syn G there were some
differences according to the kind of selection, however, among Syn P ones
there were not differences even between plus and minus selection. The marked
genetic shift expressed in smaller genotypic variance among the phenotypic
populations than among the genotypic ones appeared to be caused by natural
selection pressure.

selection of mother plants; selection of families; green matter yield; seed yield;
persistence; natural selection; red clover

In breeding cross-pollinated crops there is an efort for increasing
gene frequency of favourable alleles and maintaining a high hetero-
zygosity (Falconer, 1970). This goal can be achieved with genotypic
or phenotypic selection (Bogaret, 1984; Twamley, 1971) both
of which can be applied in the programme of recurrent selection.

In connection with the previous work (UZik, 1986), we have
utilized the selected families for the creation of synthetic populations.

MATERIALS AND METHODS

We have started with the set of 40 families divided into ten blocks with the
systematically arranged check variety (Uzik, 1986). For each family yield of
green matter (H), yield of seed (S), and persistence (T) were expressed in the
percentages of the check variety in the block (Sp), and in the percentage of the
trial average (Sp). For each character were determined first two and five families
with the highest value irrespective of the wvalue of further characters. Simul-
taneously, according to the selection method of independent culling levels were
chosen the families possessing above values of all these characters. The average
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values of chosen families grouped according to the selection criteria can be found
in Tab. I and Fig. 1.

For the creation of genotypic synthetic populations seed of the mother plants
was utilized, from which the chosen families originated, and for the creation of
the phenotypic populations seed from family test was utilized.

Genotypic populations were propagated in spacing planting of 0.4 X 0.4 m and
in space isolation. Check population Syn Gk originated from the aliquot rate of
seeds (plants) of all 40 mothers plants. Phenotypic populations were propagated
in drill sowings and without strict .isolation. Populations were sown on the plot
8 X 8 m side by side. For performance test seed from central part of the plot was
utilized. Check populations Syn Pk originated from the aliquote seed rate of all
plants of the family test.

Performance tests were laid out on the three localities — Pieitany, M. Saris,
Vigla§ — in 1985. For the shortage of seed some populations were not included
in all localities. In the performance tests were included synthetic populations,
check populations (Syn Kc a Syn Kp), as well as control varieties Kvarta and
Javorina. The trials had four replications for green matter and four for seed, whith
randomised variants (harvest plot area 2 m? row width for green matter 12.5 cm,
for seed 25 cm, seeding rate of 75 germinating seeds per 1 meter). Evaluated were:
yvield of green matter, seed yield, and at PieSfany also persistence.

RESULTS AND DISCUSSION

Average values of the characters of the groups of families (Tab. I)
indicated that more marked differentiation among populations can be

4
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1. Comparison of mass yield (H) and seed yield (S) of genotypic (G) and pheno-
typic (P) populations with selection difference (Sp) on their components
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I. Average values of the characters of families (components) grouped according to the selection criteria

Selection Average values expressed
Population according g::gg;z;t; in 9, of mear value of the whole in 9%, of mean value of control
No. foi e ohaictee to (&v) (Families) trial (Sp) variety in block (Sy)
(%) seed gr. matt. persistence seed gr. matt. persistence
1 seed Xp 5 150.54 101.04 95.06 168.80 106.60 201.80
2 Xxb 4 125.58 108.93 109.11 219.00 132.00 228.50
3 Xp 2 157.98 98.57 78.09 189.00 106.50 181.00
4 Xxb 2 127.33 _96.63 106.86 205.35 118.00 222.50
5 green matter Xp 5 105.45 133.13 100.84 170.84 126.20 198.60
6 Xxv 4 83.51 110.42 123.72 156.42 154.00 253.00
7 Xp 2 90.56 138.53 102.63 156.20 125.00 194.00
8 Xkb 2 60.60 106.32 126.34 107.85 160.00 269.00
9 persistence Xp 5 81.91 103.34 135.87 124.36 135.60 243.40
10 kb 5 91.05 104.86 127.66 126.22 126.80 284.60
11 Xp 2 97.96 118.17 138.58 145.60 130.50 229.00
12 Xkb 2 56.32 87.96 129.84 82.50 146.00 296.00
13 index Xp 5 117.32 119.55 125.04 160.94 127.80 246.60
14 Xkb 4 114.06 120.08 118.14 192.88 139.00 245.25
15 Xp 2 144.16 118.82 109.21 174.00 130.00 248.00
16 Xkv 2 117.12 101.50 111.32 203.65 152.50 235.50
Negative selection:
17 seed 2 52.64 95.42 99.98 81.26 115.60 210.40
18 green matter 5 88.11 65.56 68.40 114.20 92.40 142.60
19 persistence 5 89.07 86.27 45.43 100.00 98.60 93.80
>N o N LW ™
correlations 0.190 0.437 vl 0.093 & ‘}78 ++
—0.227 / / 0.045
0.812++ 0.400 \ 0.913++




expected only due to independent selection for characters, and also due
to positive and negative selection. In the foregoing work we have
shown (UZik, 1986) that no family did combine the mentioned cha-
racters for above-average levels. By means of selection method of in-
dependent culling level we have created groups of the families having
above—average values of above mentioned characters (Fig. 1 and
Tab. I).

There was only positive correlation between green matter yield
and persistence of the grouped families. There were significant correl-
ations for the character between their average values expressed in
percentages of trial average value (S;) and in percentages of values
of control variety in block (S,) (for persistence 0,913**, for seed yield
0,812** and for green matter yield 0,400) (Tab. I). Correlations indicated
that family selections for green matter yield according to control variety
and according to trial average are not consistent.

Characteristics of synthetic populations

Because there were no significant differences between two and
five component populations, the results are stated in Tab. II only as
average values according to the characters and the kind of selection.
The obtained data for all populations are included in Fig. 1.

Green matter — In case of genotypic populations and positive
selection the highest average green matter yield (84,43 t/ha) expressed
(showed) populations of direct selection for green matter. The lowest,
however, green matter yield possessed populations from the negative
selection for persistence (72,68 t/ha) and not these from the negative
selection for green matter (80,5 t/ha). On the contrary, in case of pheno-
typic populations no tendencies were found, but even populations from
the negative selection have given the same yield as those from positive
selection (Tab. II).

Seed yield — In evaluating the average data from above three
localities no marked tendencies according to the investigated factors
were found (Tab. II). At PieStany, where this selection and creation
were performed, certain tendencies in case of the genotypic populations
existed, but no ones in case of the phenotypic populations (Tab. II).
However, the highest seed yield in general gave population from the
negative selection for green matter (419,82 kg/ha), as well as the lowest
one a population from the negative selection for the persistence.

Persistence (Tab. II) — In case of genotypic populations
selection response was in expected direction. The highest persistence
was found in populations from selection for persistence (81,55 %) while
a lower one after selection for other traits (72 — 79 %). The lowest
persistence at all was found in population from negative selection for
persistence (49,15 %). Among phenotypic populations derived, from
positive selection, the highest persistence was appeared no doubt in
populations from selection for persistence (72,53 %), however, the
average persistence of all populations from negative selection was
higher (83,02 %). Average persistence of all populations from the
positive selection for all selected characters was lower (68,44 %) than
the average persistence of all populations from the negative selection
(83,02) — Tab. II.
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II. Characteristics of synthetic populations

Mass yield Seed yield Persistence
Selection [t.ha~1] [kg.ha-1] [%]
for a trait
Piestany mean* Piestany mean* Piestany
Positive genotypic selection

Mass yield 95.76 84.43 296.58 490.67 79.58
Seed yield 90.98 83.33 350.29 508.01 73.54
Persistence 94.36 81.42 311.98 486.84 81.55
Index 92.92 80.58 341.35 489.62 72.80
Mean 93.51 82.44 325.05 493.79 76.87

Negative genotypic selection
Mass yield 94.35 80.15 419.82 511.61 63.80
Seed yield 89.70 80.65 371.15 526.13 85.48
Persistence 73.31 72.68 269.59 438.61 49.15
Mean 85.12 77.83 335.52 492.12 66.14
Syn Gx 101.39 81.12 264.24 518.91 85.63

Positive phenotypic selection
Mass yield 94.26 83.90 314.31 507.27 70.56
Seed yield 88.75 81.26 333.70 494.26 62.13
Persistence 93.98 84.49 315.67 477.93 72.53
Index 95.13 84.15 325.78 497.87 68.46
Mean 93.03 83.45 322.37 494.33 68.44

Negative phenotypic selection
Mass yield 90.53 83.09 303.86 502.54 85.69
Seed yield 94.86 84.52 315.95 524.90 79.90
Persistence 96.69 84.79 322.46 555.82 83.47
Mean 94.03 84.13 314.09 527.75 83.02
Syn Py 95.71 85.15 311.60 539.70 73.20
Kvarta 89.70 80.52 290.00 423.75 80.09
Javorina 94.25 82.86 308.38 433.21 79.10
Dy (0.05) 9.56 771 40.32 n 7.39

* mean of three sites

Obviously, due to the natural selection to which phenotypic popul-
ations during the family trial were exposed seed for growing next
generations was obtained exclusively from the persistent plants and
therefore there were no differences between the positive and negative

selections.
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Correlations between family (component) group and their synthetic populations

Correlations between these generations were generally weak (Tab.
111), however, certain tendencies can be seen. We have found that the
genotypic populations showed stronger correlations with groups of
families than phenotypic ones. At PieStany these correlations were
stronger than on the other two localities. Stronger correlations existed
between green-matter yield of the synthetic populations and yield of
their components (i.e. families), when the yield of families was ex-
pressed in the percentages of check variety in block (S,) (at PieStany
r = 0,428) than by its expressing in percentages of the trial average
(Sp) (at PieStany r = 0,190). Similar correlations but weaker ones can
be found in seed yield (Tab. III).

At PieStany, in case of genotypic populations, there was positive
significant correlation between persistance of the synthetic populations
and persistence of their components (families) (0,557 and 0,485%)
however, in case of phenotypic populations these correlations were
weak, but negative (r = 0,156, and r = —0,252) (Tab. III). Persistence
of individual populations was clearly changed in consequence of leav-
ing the phenotypic populations for seed production in the sowing year.
In the populations increased the share of early flowering types, which
were able to give seed yield in sowing year. However, these types had
lower persistence. Similar but less marked genetic shift was also
observed by other authors (Valle, 1953; Taylor et al, 1966). A dif-
ferent kind of multiplication of genotypic and phenotypic populations
contributed to their differentiation. In spaced sowing and harversting
in the sowing year, all plants had better chance to survive than in the
drilled ones (Bula et al, 1965). Multiplication of the phenotypic
populations without a strict isolation caused some changes, which were
manifested in the lower genotypic variance. This was confirmed on all
three localities (Tab. IV). Due to the natural selection pressure the
populations, originating from the same components, distinquished

persistence

[%/6] 2. Correlation between selection differences of persistence
1001. (Sp — to mean control in a block) and persistence geno-
typic and phenotypic populations
901 | 1¢)
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III. Correlations between family (component) groups and their synthetic populations

l Average values of family (component) groups expressed

Combinations i in 9%, of trial average (Sp) in 9, of check variety (Sy)
! Py Vi M3 Py Vi MS
Genotypic populations e

Green matter of synthetics

% (Sp, Sv) green matter 0190 |—0203 | 0311 | 0428 | 0334 | 0241

% (Sp, Sp) seed yield —0.136 | —0.088 0.257 0.080 0.144 0.514+

% (Sp, Sp) persistence 0.569 0.016 0.254 0.432 0.127 0.217
Seed yield of synthetics

% (Sps Sp) seed yield 0.036 0.391 —0.167 0.169 0.164 0.155

% (Sp, Sp) green matter —0.112 | —0.036 0.360 0.246 | —0.500* 0.304

% (Sps Sv) persistence 0.152 | —0.302 0.450 0.324 | —0.230 0.229
Persistence of synthetics

% (Sp, Sp) persistence 0.557+ 0.485+

* (Sps Sp) green matter 0.044 0.355

% (Sp, Sp) seed yield

of synthetics 0.121 0.001
Phenotypic populations

Green matter of synthetics

% (Sp, Sp) green matter 0.195 | —0.283 0.382 0.220 0.128 0.306

» (Sp, Sp) seed yield —0.078 | —0.214 | —0.078 0.076 | —0.256 0.224

% (Sp, Sp) persistence 0.076 | —0.110 0.257 | —0.069 0.000 0.135
Seed yield of synthetics

% (8p, Syp) seed yield 0.319 0.013 | —0.281 0.440 | —0.219 | —0.174

% (Sp, Sp) green matter 0.271 | —0.284 0.104 0.115 | —0.499++ —0.209

% (Sp, Sn) persistence 0.159 —0.708**| —0.209 | —0.066 —0.629+%| —0.436
Persistence

p (.S_p,_Sl,) persistence —0.156 —0.252

% (Sy, Sp) green matter —0.019 ( —0.005

% (Sp, St) seed yield —0.474 L —0.410

reciprocally. The marked genetic shift can be seen in the persistence
in comparing the genotypic and phenotypic populations created by
negative selection. The genotypic population had persistence
49,15 %, however, its phenotypic analogue possessed higher persistence

(83,02 %) even than another one from positive selection

only

(72,53 %)

(Tab. II). The development of individual populations tended to overall
population average (Fig. 2). Average values in spite of the mentioned
changes in individual populations were equal in both populations (Tab.
IT). These results sustained our modification of synthetic population
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IV. Variance analysis of green matter of genotypic and phenotypic populations
(1986)

Variability source ogfegégijn : Mean squafes
' Pie§tany Maly Sarig Vigla
@ Genotypic populations
Populations 18 302.41++ 76.30+ 133.06
Replications 3 162.23 2438.83 669.56
Error 54 53.79 | 38.27 78.02
X% [t.ha"1] 92.49 82.61 68.92
IMse o, x 7.92 7.48 12.81
62G 62.15 9.50 13.76
o2P 75.59 19.06 33.26
h? 0.822 0.262 0.413
Phenotypic populations

Populations 19 173.62++ 52.30 73.80
Replications 3 507.50 2383.88 2450.73
Error 57 77.45 94.26 55.17
X [t.ha1] 93.28 81.50 75.90
/MSe 9, = 9.43 11.88 9.78
a2G 24.04 0.00 4.65
a2P 43.40 23.56 18.44
h? 0.553 0.00 0.252

creation. From the family polycross only the best plants of each family
were chosen. Their progeny performance was compared with the
progeny performance of mother plants of preceding generation. The
family polycross served as the progeny test of individual plants and in
the same time as the selection nursery for the further generation
(UZik, 1986). A similar modification for building synthetic varieties
was used in breeding of root-creeping lucerne, where one and the same
nursery served for several functions (Rod, 1967). By this manner
we wanted to achieve a more rapid cumulation of desirable alleles in
population.

The mathematical index was not used. In selection for more cha-
racters, however, from the Fig. 1 it follows that natural selection
combined equally the green-matter and seed yield without respect to
the original ratio in all populations. It seems that the plant in certain
extent combines the green matter and seed yield in better way than
the breeder could it do alone (Lawrence, 1981).

Genotype X environment interaction which is usually a cause of
selection failure (Busbice, 1974) decreased the efficiency of select-
ion also in our experiments. From the results of plus- and minus-
-selection, even at genotypic populations, it follows that excepting the
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persistence, the reliability of identification of well-performing progenies
in green matter and seed yield is very small. This is considered to be
one of the causes of a low progress in forage crop breeding (Guy,
1981). We were not able to improve it substantially even by measuring
the performance of families and progenies by means of systematically
arranged control variety and by the performance of the family of
preceding generation.
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UZIK, M. (Vyskumny ustav rastlinnej vyroby, Pie$fany): Vykonnost a genetické
parametre syntetickych populdcii dateliny licénej. Genet. a Slecht., 24, 1988 (4) :
315-324.

Zo suboru 40 rodin sme vybrali prvé dve, pripadne padf s najvyssou hodnotou
v urode hmoty (H), v urode semena (S), trvacnosti (T) a s nadpriemernou hodno-
tou vSetkych troch znakov (I). Vykonnosf vybranych rodin bola vyjadrena v per-
centdch priemeru pokusu (Sp) a v percentich priemeru systematicky zaradenej
kontrolnej odrody (Sp). Na znaky H, S, T sme vykonali tiez negativnu selekciu.
Pre tvorbu syntetickych populacii genotypickych (Syn G) sme pouzili osivo z re-
zervy matiek, z ktorych rodiny pochédzali a pre fenotypické (Syn P) osivo zo sku-
Sok rodin. Po jednoro¢nom rozmnozeni sme populacie sku$ali na troch miestach.
Pocet komponentov neovplyvnil ani priemer, ani variabilitu znakov populacii. Se-
lekcia genotypicka bola efektivnejsia nez fenotypicka. Medzi populdaciami Syn G
boli rozdiely podla druhu selekcie, avsak medzi populaciami Syn P neboli dife-
rencie ani medzi plus, ani medzi minus selekciou. ZreteIny geneticky posun pre-
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javeny v mensej genetickej variancii medzi fenotypickymi populaciami neZ medzi
genotypickymi sa zda byt spdsobeny tlakom prirodzenej selekcie.

selekcia materskych rastlin; selekcia rodin; troda hmoty; iroda semena; trvacnost;
prirodzend selekcia; datelina lu¢na

YXHUK, M. (HayuHo-uccnepoBaTenbCKUi MHCTUTYT pacTeHuesoacTBa, lMuewTsaHsbl): Mpoayk-
TMBHOCTb W r€HeTHuecKuWe napameTpbl CMHTETMUECKMX nonynsuuin knesepa nyrosoro. Genet.
a Slecht., 24, 1988 (4) :315-324.

M3 coeokynHocTu 40 cemeicTB Mbl oTo6panu nepsBble 2 UAM 5 C MakC. NpoAyKuuen Be-
wectBa (B), ceman (C), ycroinunsocTtbio (Y) M C NOBbLIWEHHbIMU 3HAYEHWUSMWU BCEX TPEX
npusHakos (WM). MpoAYKTMBHOCTL M36paHHbIX CeEMeiCTB obosHauanacb B U, cpeaHux noka-
3aTeneit onbita u Y)) cpeaHux nokasaTeneil CUCTEMATUYECKM BKNIOUAEMOrO KOHTPONbHOrO
copta. Mo npusHakam B, O, Y npoBogunu HeraTMBHylo cenekuyuio. [ns o6pasoBaHUs CUHTE-
TUUECKHX reHoTunuueckux nonynsauui (Cuu ) 6panu cemeHa M3 TOro 3anaca MaToK, W3
KOTOpPOro CeMencrea nNpoUCXoaunu, a ans deHotunuyeckux (CuH M) — cemeHa U3 ucnbl-
TaHWi cemencTs. B pesynbtate roaoBOro pa3MHOXEHUS Mbl UCMbLITbIBANM NOMNYASUMM Ha.
3 mectax. KonMuectBo KOMNOHEHTOB He MOBAMANO HU Ha CPEeAHUIH YPOBEHb, HW Ha U3MEH-
UMBOCTb NPU3HAKOB nonynsuui. FeHoTunuueckas cenekuus adekTUBHEE (DEHOTUNUUECKONH.
Mexay nonynsuusmu CuH [ OTMeueHbl pa3nuuus no BUAYy cenekuuu, Ho B CuH M ux Her
HW MExXAY nAlC, HU MEeXAY MHUHYC cenekuuvsmu. SIBHOe CMeuweHue B CTOPOHY YMEHbLUEHHUS
reHoBapHaHTHOCTH B G6Gonbwel Mepe Yy (MDEHOTUNUUECKUX NONyNAuUi Bbi3BaH AaBNEHUEM
€CTEeCTBEHHOW Cenekuum.

cenekuus MaTepUMHCKMX PaCTeHWil; Cenekuus CEeMenCTB; NMPOAYKUWsS MacCCbl; NpOAyKuHs ce-
MsiH; YCTOMUMBOCTb; ECTECTBEHHAsi CENeKuus; Knesep nyroson

UZIK, M. (Forschungsinstitut fiir Pflanzenproduktion, Pie$fany): Leistung und ge-
netische Parameter der synthetischen Wiesenkleepopulationen. Genet. a Slecht., 24,
1988 (4) : 315-324.

Aus einer Kollektion von 40 Familien widhlten wir die ersten zwei bzw. finf Fa-
milien mit dem hochsten Wert im Massenertrag (H), im $amenertrag (S), in der
Perennitdt (T) und mit einem {liberdurchschnittlichen Wert aller drei Merkmale (I)
aus. Die Leistung der ausgewihlten Familien wurde in 9, des Versuchsdurchschnitts
(Sp) und in 9, des Durchschnitts einer systematisch klassifizierten Kontrollsorte (Sp)
ausgedriickt. Auf die Merkmale H, S, T wurde eine negative Selektion durchge-
fiihrt. Zur Bildung der genotypischen synthetischen Populationen (Syn G) zogen
wir ein Saatgut aus der Reserve der Miitter aus denen die Familien stammten und
fur die phédnotypischen (Syn P) Populationen ein Saatgut aus den durchgefiihrten
Familienpriifungen heran. Nach einjdhriger Vermehrung untersuchten und testeten
wir die Populationen auf drei Standorten. Die Zahl der Komponenten beeinflusste
weder den Durchschnitt noch die Variabilitdt der Merkmale der Populationen. Die
genotypische Selektion war effektiver als die phédnotypische Selektion. Zwischen
der Syn G-Populationen bestanden TUnterschiede entsprechend der Selektionsart,
zwischen den Syn P-Populationen waren keine Unterschiede zwischen der Plus-
oder Minus-Selektion zu verzeichnen. Die markante genetische Verschiebung, die
in einer niedrigeren genetischen Varianz zwischen den phinotypischen Popula-
tionen als zwischen den genotypischen Populationen ihren Niederschlag findet,
scheint auf den Druck einer natiirlichen Selektion zurilickzufiihren zu sein.

Selektion der Mutterpflanzen; Selektion der Familien; Massenertrag; Samenertrag;
Perennitit; natiirliche Selektion; Wiesenklee

»
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Ing. Martin Uzik, CSc., Vyskumny ustav rastlinnej vyroby, 921 68 PieSfany
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HEREDITY OF SEEDLESSNESS IN GRAPES

D. Pospisilova, V. Palenik

POSPISILOVA, D. — PALENIK, V. (Research Institute of Viticulture and
Enology, Bratislava): Heredity of Seedlessness in Grapes. Genet. a Slecht., 24,
1988 (4) : 325-332.

The heredity of seedlessness has been studied in 10 crossing combinations.
The influence of parental varieties was analyzed with respect to the heredity
of seedlessness by the analysis of qualitative characters by means of x2-test.
The segregation ratios of seedlessness and their significance were calculated.
The significant segregation ratio was 3 :1 for all crossing combinations as unit.
Ceaus roz. Katta kurgan and Muscat Susanna are recommended as suitable
maternal varieties conferring seedlessness. Suitable paternal varieties are
Delight, Perletta and Chibrid bezsemen V-6. Seedlessness of grape is a lethal
recessive character. It is linked up to several alleles connected by interaction.
There is a direct correlation between the size of seed rudiments and the berry
size. The elites of agricultural importance are mentioned, especially from the
crossing with varieties Katta kurgan (large-berry), Muscat Susanna, Delight
and Ceaus roz (small-berry).

Vitis vinifera L.; seedlessness; heredity

Raisin table grapes are the basis for raisin production — the viti-
culture branch, which is important especially in Greece, Turkey and in
the countries of the Middle East, where the great deal of raisin grapes
come from. Seedlessness is one of the breeding purposes especially
in the case of table grapes in our country, because it improves testing
and dietetic value of table grapes.

The seedless berry is qualified by the various size of seed rudiments
from parthenocarpy to stenospermocarpy and to so-called solf seeds. Dif-
ferent authors (Smirnov, 1962; Chadatrjan et al, 1978; Bo -
Zinova-Boneva, 1978) divide raisin grapes to 3—4 categories of
seedlessness, while the 4th category has been cited only by some of
them (Ivanov, Viev, 1968; Pogosjan et al, 1974). The seeds
in this category are of normal size, sclerenchyma is incompletely
developed, without embryos and endosperm. In our crossing all the
types of seedlessness are represented.

To find out the heredity of seedlessness by the influence of parental
gametophyt upon the frequency of seedlessness in hybrid population
was the aim of our work. The influence of parental varieties upon the
heredity of seedlessness was quantified, too.

MATERIALS AND METHODS

The breeding of raisin table grapes was one of the research aims in our
institute. Varieties with the natural tendency to form parthenocarpic berries have
been chosen as the maternal in our composition of crossing combinations according
to conclusions of Smirnov (1962); Ivanov and Valé¢ev (1968).
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The gynoid varieties (I¢cki mar, Ceaus roz, Katta kurgan) and the herma-
phroditic varieties (Dunavski misket, Muscat Susanna, Muscat Hambourg) were
used as maternal plants in 10 crossing combinations. The variety of different stage
of seedlessness has been used in all combinations as paternal plants (Beauty
seedless, Delight, Perletta, Chibrid bezsemen V-6, Vardagujn Jerevani). After the
seedlings started to be fertile the percentage of seedlessness in individual crossing
combinations and their agricultural qualities were evaluated. The best ones were
reproduced to clones, which were investigated according to their agricultural use.
The hybrid combinations were evaluated according to the character of heredity
of seedlessness by the mathematical-statistical method of qualitative character
analysis. The different fission ratios have been tested by x2-test. Significant fission
ratios are given in the tables.

RESULTS

Evaluating of hermaphroditic or gynoid maternal variety in cross-
ing with the seedless variety is included in Tab. I. It is obvious that
the frequency of seedlessness varies in progeny from combination to
combination and the mean in all crossing combinations is 25,5 %; it
corresponds to the only fission ratio 3 : 1. In the case of hermaphroditic
maternal variety frequency is the least in the crossing Dunavski
misket X Beauty seedless; in the case of gynoid maternal variety the
frequency of seedlessness is the least in the combination I¢ki mar X
X Beauty seedless. Very high percentage of seedlessness in hybrid
progeny Ceaus roz X Perletta was explained by few individuals in
population.

When comparing the frequency of seedlessness in all crossing
combinations of both groups, it is obvious that in the case of gynoid
maternal variety the fission of seedless forms was only by 4.2 %
higher. The most probable fission ratio in both groups of crossing is
3:1. When comparing significant fission ratio range the crossing group
with hermaphroditic maternal variety is less suitable for frequency of
seedlessness in progeny (from 3:1 to 5:1), than the group with gynoid
maternal variety (from 2:1 to 3:1).

Tab. II lists crossing combinations to determine the influence of the
maternal variety genotype upon the frequency of seedlessness of seedli-
ngs in progeny. The most seedless individuals were obtained in case
when Katta kurgan, Ceaus roz, Muscat Susanna and Muscat Hambourg
were used, as maternal varieties in spite of the small number of indi-
viduals in hybrid populations of the latter two varieties. Crossing with
the maternal variety ICki mar brought the least number of seedless
types. Their frequency was low, too, when the maternal variety was
Dunavski misket.

Crossing with varieties Ceaus roz, Katta kurgan and Muscat Susanna
gave the highest number of elite individuals, i.e. of economical
importance.

The crossing group ‘with variety Katta kurgan is undoubtedly the
most suitable by range of fission ratios (from 2:1 to 3:1). The cross-
ing group with variety Ceaus roz is nearly the same as this result,
while the crossing with variety Dunavski misket has much worse fission
ratio range (from 3:1 to 7:1). The rest of maternal varieties were
used only in one combination, therefore this fission ratio range is wider
according to statistical data.

The influence of the used paternal seedless variety upon a number
of seedless individuals in progeny was investigated (Tab. III), too. The
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. Influence of hermaphrodite or gynoide maternal variety upon the seedlessness frequency in the progeny

Number of seedlings % Most Interval of
Crossing combination seedless probable 7> significant
fruitfuls seedless individuals | fisson ratio fission ratios
Hermaphrodite x seedless
Dunavski Misket x Beauty Seedless 27 4 14.8 6:1 0.01 B:1)-(16:1)
Dunavski Misket » Vardagujn Jerevani 41 9 21.9 4:1 0.10 2:D)-(7:1)
Muskat Susanna x Delight 21 7 33.3 251 0.00 1:1)-(4:1)
Muscat Hambourg x Perletta 11 3 27.3 3:1 0.03 (1:1)-0:1)
Sum and arithmetical mean 100 23 23.0 3:1 0.21 B:1)-(65:1
Gynoide x seedless
I¢kimar < Beauty Seedless 22 3 13.6 6:1 0.01 (2:1)-(20:1)
Ceaus Roz < Delight 39 9 23.0 351 0.08 (2:1)-(6:1)
Ceaus Roz x Perletta 5 4 80.0 1:4 0.00 (1:26)-(1:1)
Katta — Kurgan x Perletta 32 8 25.0 3:1 0.00 (2:1)-(6:1)
Ceaus Roz x Chibrid Bezsemen V-6 6 2 33.3 251 0.00 1:2)-0:1)
Katta — Kurgan x Chibrid Bezsemen V-6 43 14 32.6 2:1 0.01 2:1)-3:1
Sum and arithmetical mean 147 40 27.2 3l 0.38 (2:1)-3:1)
Total sum 247 63 25.5 3:1 0.03 21D




88617 — INJLHOWITIS V VIIILLINID 82¢

II. Influence of the maternal variety upon the seedlessness frequency in the progeny

Number of

seedlings sceZﬁess rﬁ)ﬁne Interval of | Number o/ Seedlings
Crossing combination g p fisson 22 significant of of number of
fruit- | seed- sl X fission ratios elites elites clites
fals | less uals ratio
Dunavski Misket x Beauty Seedless 27 14.8 1 3.7 23/7
Dunavski Misket x Vardagujn Jerevani| 41 9 21.9 -- — —
Sum and arithmetical mean 68 13 19.1 4:1 0.03 B:1)=-(7:1) 1 1.5
Ceaus Roz x Delight 39 9 23.0 4 10.2 5/1,5/9, 8/10,
19/34
Ceaus Roz x Perletta 5 4 80.0 1 20.0 17/40
Ceaus Roz x Chibrid Bezsemen V-6 6 2 33.3 1 16.6 21/8
Sum and arithmetical mean 50 15 30.0 il 0.25 (2:1)-(4:1) 6 12.0
Katta — Kurgan x Perletta 32 8 25.0 3 9.3 14/38, 14/44,
15/42
Katta — Kurgan < Chibrid Bezsemen | 43 14 32.6 5 11.6 23/34, 25/6,
V-6 25/7, 25/19,
25/34
Sum and arithmetical mean 75 22 29.3 251 0.54 2:1)=@3:1) 8 10.7
Muscat Hambourg x Perletta 11 3 27.3 3:1 0.03 1:1)-09:1) = - —
Ik¢imar < Beauty Seedless 22 3 13.6 6:1 0.01 (2:1)-(20:1) 1 4.5 32/1
Muskat Susanna x Delight 21 7 33.3 21 0.00 1:1)-(4:1) 4 19.0 11/8, 11/33,
12/25
Total sum 247 63 25.5 3:1 0.03 3:1 20 8.1




high percentage of seedless types gave the combinations with varieties
Chibrid bezsemen V-6, Perletta and Delight, while the highest elite
number was in combinations with varieties Delight, Perletta and Chibrid
bezsemen V-6 again. The interval of significant fission ratios is the
best in the crossing group with Chibrid bezsemen V-6 (from 2:1 to
3:1). It is a little bit worse in crossing combinations with varieties
Delight and Perletta (from 2:1 to 4:1). Much worse fission ratio
interval was in crossing with variety Beauty seedless (from 3:1 to
13:1) which means that the probability of frequency of seedless types
is much reduced in these crossings. The amount of seedless individuals
was sufficient in crossing with variety Vardagujn Jerevani, but the
interval of this combination was wider (from 2:1to 7:1).

DISCUSSION

Seedlessness is probably the result of the small mutations with the
effect of recessive inherited trait of lethal character (BoZinova—
— Boneva, 1978). According to our results, the heredity of seedless-
ness is probably linked up to several alleles, connected by interaction.
But the influence of a plasmatic heredity upon the demonstration of this
character is not to eliminate too. On the basis of our experience that the
stage of seedlessness of some individuals was changed in the onto-
genese in some hybrid populations (for example Katta kurgan X Chibrid
bezsemen V-6), we can assume the result of external influence upon
the plasma. According to Ivanov and Valcev (1968), 30 % of
seedless individuals varies by years in categories of seedlessness. Mo -
liver (1985) regards seedlessness as polyfactorial character linked
up to small berry. There is a direct correlation between the pericarp
size and the seed size. Pogosjan et al. (1974) advises upon a phy-
siological influence of seeds in the process of berry growth. The
fertilization and seed development is controlled by gene series linked
up among themselves. The manifestation of recessive mutations in these
or those alleles in the different stages of this process lead to seed
anomaly at different stage of their development. These theoretical
suppositions were confirmed by our results, too. Large berry elites
(especially in crossings with variety Katta kurgan) contained more
larger seed rudiments than the typical parthenocarpic small berry
elites from crossing with variety Delight. Chacdatrjan et al. (1978)
came to the same conclusion — large berry seedless varieties have
greater number of larger seed rudiments than small berry varieties.
This character was inherited in progeny, too. The frequency of seedless
varieties in V. vinifera is the result of the selection breeding process,
which fixed there varieties by the vegetative reproduction. The seedless
forms do not exist in wild forms of V. silvestris Gmel. (Smirnov,
1976).

The number of natural mutants of seedless varieties was increased
by breeding process. Obtaining of these form is a difficult breeding aim,
there are relatively little seedless individuals in progeny and this is the
reason for investigating larger families. Moliver [(1985) pointed out
the method of repeated crossing of the Fi hybrids with seedless variety
giving the higher fission ratio of seedlessness. This observation can be
confirmed by our crossing with seedless varieties Delight, Perletta and
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III. Influence of the paternal variety upon the seedlessness frequency in the progeny

Number of M y
seedlings % . oboaslgl ” Interval of | Number % Seedlings
Crossing combination ——| seedless pﬁ . 1 significant of of number of
fruit- | seed- | inviduals rist'o fission ratios elites elites elites
fuls | less :
Ickimar » Beauty Seedless 22 3 13.6 1 4.5 32/1
Dunavski Misket x Beauty Seedless 27 14.8 1 3.7 23/7
Sum and arithmetical mean 49 7 14.3 6:1 0.00 3:1)-(13:1) 2 4.1
Cecaus Roz x Delight 39 9 23.0 4 10.2 5/1,5/9,
8/10, 19/43
Muskat Susanna x Delight 21 7 33.3 4 19.0 11/8,11/33,
12/17, 12/25
Sum and arithmetical mean 60 16 26.6 374 0.09 (2:1)-(4:1) 8 13.3
Ceaus Roz x Perletta 5 80.0 1 20.0 17/40
Katta — Kurgan x Perletta 32 8 25.0 3 9.3 14/38, 14/44,
15/42
Muscat Hambourg < Perletta 11 3 27.2 =% 2= —
Sum and arithmetical mean 48 15 31.3 251 0.09 (2:1)-(4:1) 4 8.3
Ceaus Roz x Chibrid Bezsemen V-6 6 2 33.3 1 16.6 21/8
Katta — Kurgan x Chibrid Bezsemen | 43 14 32.6 5 11.6 25/19, 25/17,
V-6 23/34, 25/34,
25/6
Sum and arithmetical mean 49 16 32.7 231 0.01 2:1)-@3:1 6 12.2
Dunavski Misket x Vardagujn Jerevani| 41 9 21.9 4:1 0.10 (2:1)=T 1) — — -
Total sum . 247 63 25.5 Fal 0.03 B1) 20 8.1




Chibrid bezsemen V-6. The former two came from crossing Muscat
Alexandria X Sultanina, and Chibrid bezsemen V-6 is the result of
crossing Italia X Sultanina. Our crossing with these hybrids were the
repeated crossings directed to seedlessness and this fact appears in the
fission ratio of seedlessness of their progeny.

The influence of parental genotypes on the manifestation of seed-
lessness is high. Arranging of our hybrid partners was based on the
hypothesis that by using the gynoid maternal variety, which has mor-
phological and physiological inhibions of the normal berry development
during autogamy, the frequency of seedless forms will be increased
and this fact was confirmed. The gene influence of the gynoid gameto-
phyt on the manifestation of seedlessness and the result of the physio-
logical reaction is not known.

The genotype of the paternal variety influences the heredity of
seedlessness decisively. All the seedless varieties, which are paternal
in crossings, do not give seedlessness in progeny in the same ratios.
For example, Beauty seedless, compulsory parthenocarpic, gives fission
ratio of seedling and seedless individuals in our crossings 6 : 1, while
Perletta, Delight and Chibrid bezsemen V-6 give most frequently fission
ratios 2:1 and 3:1. Beauty seedless is not regarded as ideal paternal
genotype. Its significant fission ratio is 1: 13.

Pogosjan et al. (1974) regards as suitable maternal varieties
for obtaining seedlessness apart from other Katta kurgan, Perletta and
Delight; these are the genotypes giving the most seedless forms in our
crossings, too. Muscat Susanna, Ceaus roz, Katta kurgan and Muscat
Hambourg gave a good account of crossings as the maternal varieties;
it corresponds with the results of Pogosjan etal (1974).

From the cultural point of view, the agricultural usage of seedless
varieties is important. Our crossings produced elites especially of
Katta kurgan X Perletta, Katta kurgan X Chibrid bezsemen V-6, which
are large-berried with later terms of ripening, suitable for growing in
green-houses without heating. Another group of elites are small berrv
types, from crossings of Muscat Susanna X Delight and Ceaus roz X
X Delight, parthenocarpic, suitable for using especially in candy
industry.
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POSPISILOVA, D. — PALENIK, V. (Komplexny vyskumny ustav vinohradnicky
a vinarsky, Bratislava): Dediénost bezsemennosti u wviniéa. Genet. a Slecht., 24,
1988 (4) : 325-332.

V 10 kombinaciach Kkrizenia, zameranych na bezsemennosf sa S$tudoval charakter
dediénosti tohto znaku. Analyzoval sa vplyv rodi¢ovskych odréd na dedi¢nosf bez-
semennosti metdédou analyzy kvalitativnych znakov testovanim x2 Vypoéitali sa
$tepné pomery bezsemennosti a ich preukaznosf. Stepny pomer za v$etky kombi-
nacie krizeni bol preukazne 3 :1. Za vhodné materské odrody pre ziskanie bezse-
mennosti sa odporudéaju: Ceaus roz, Katta kurgan, Muskat Susanna. Vhodné otcov-
ské*odrody st: Delight, Perletta a Chibrid bezsemen V-6. Bezsemennosf vini¢a je
recesivny znak letdlneho charakteru. Je viazany na viac alel, medzi ktorymi platia
vzfahy interakcie. Medzi velkosfou rudimentov semien a velkosfou bobul existuje
priama korelacia. Poukazuje sa na hospodarsky vyuziteIné elity, najma z Kkrizeni
s odrodami: Katta kurgan (velkoplodé), Muskat Susanna, Delight a Ceaus roz
(maloplodé).

Vitis vinifera L.; bezsemennost; dedi¢nost

NOCMUWINNOBA, 4. — NANEHUK, B. (KoMnnekCHblii HayuyHO-UCCNEAOBATENbCKUI UHCTHU-
TYT BUHOrpagapctsa W BuHoaenus, BpaTtucnasa): HacnegyemMocth 6eCCEMAHHOCTH Y BUHO-
rpaga. Genet. a Slecht., 24, 1988 (4) : 325-332.

B 10 xomM6MHauMax CKpewuBaHWs, HanpaBNEeHHbIX Ha 6EeCCeMsHHOCTb, OnNpejensnu xapak-
Tep HacnepCTBEHHOCTM 3TOro npu3Haka. AHanuM3vMpoBanu BNUSIHUE POAUTENbCKMX COPTOB Ha
3Ty HacneACTBEHHOCTb NO METOAYy aHanu3a NpU3HaKOB KauecTBa NOCPEACTBOM TeCTUMpPOBa-
HUs xZ BblBeAEHbl COOTHOWEHWE APOGNEeHUs GECCEMSIHHOCTM M MX AOCTOBEPHOCTb., COOTHO-
WeHWe apobGneHUs no BCeM KOMOGUHauusM goctosepHo 3 : 1. lMpurogHbiMu ans GecceMmsH-
HOCTM MOXHO CunTaTb MaTepuHCkue copTa: Llayw pos, Katra kypraH, Myckar CysaHHa.
M oTtuyosckue: Aunait, Mepnetra u Xubpug 6escemen V-6. BecceMsHHOCTb BWUHOrpaga —
PELECCHUBHbIA NPU3HAK NeTanbHOro xapakTepa, CBA3aHHbli C HECKONbKMMU annensiMu, K Ko-
TOpPbIM OTHOCATCS M B3auMoAeilCTBusA. Mexay pasMepaMu PYAMMEHTOB CEMSH W Sroj
CywecTByeT npsMas Koppensuus. YkasaHbl BaxHbl B XO3SWCTBEHHOM OTHOLWEHWUU 3NUTHbIE
copTa, rnaBHble, M3 CKpewwuBaHus C copTamu KaTta kypraH (kpynHosrogHbie), Myckat
CysaHHa, Aunait 1 Layw po3 (MenkosrogHolie).

Vitis vinifera L.; 6eccemMaHHOCTb; HacneayemacTb

POSPISILOVA, D. — PALENIK, V. (Forschungsinstitut fiir Weinbau und Kellr-
wirtschaft, Bratislava): Erblichkeit der Somenlosigkeit wvon Weinreben. Genet.
a Slecht., 24, 1988 (4) : 325-332.

In 10 Kreuzungskombinationen, die auf die Samenlosigkeit von Weinreben abge-
zielt worden waren, untersuchten wir die Vererbung dieses Merkmals. Wir ana-
lysierten den Einfluss der Elternsorten auf die Vererbung der Samenlosigkeit
mittels der Analyse der Qualititsmerkmale durch das y2-Testen. Wir berechneten
die Spaltungsverhiltnisse der Samenlosigkeit und ihre Signifikanz. Das Spaltungs-
verhiltnis betrug in allen Kreuzungskombinationen einen signifikanten Wert von
3 :1. Als geeignete Muttersorten konnen in dieser Hinsicht Ceaus roz, Katta kurgan,
Muskat Susanna empfohlen werden. Als geeignete Vatersorten konnen Delight,
Perletta und Chibrid bezsemen V-6 empfohlen werden. Die Samenlosigkeit der
Weinrebe ist ein rezessives Merkmal letalen Charakters. Es ist an mehrere Allelen
gebunden, zwischen denen die Wechselwirkungsbeziehungen gelten. Zwischen der
Griosse der Samenrudimente und der Beerengrosse besteht eine Direktkorrelation.
Es wird auf die 6konomisch ausnutzbaren Eliten, insbesondere aufgrund der Kreu-
zung mit den Sorten Katta kurgan (Grossfruchtsorten), Muskat Susanna, Delight
und Ceaus roz (Kleinfruchtsorten) hingewiesen.

Vitis vinifera L.; Samenlosigkeit; Vererbung
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