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SEGREGATION OF SPECIFIC TRAITS IN DOUBLED HAPLOID
REGENERANTS OF WINTER OILSEED RAPE* :

Vratislav KUCERA, Miroslava VYVADILOVA,
Dagmar TOMASKOVA, Jivi HAVEL'

Research Institute of Crop Production, Prague-Ruzyné, ' Oseva PRO s.ro.,
Research Institute of Oilseed Crops, Opava, Czech Republic

Abstract: Erucic acid (EA), glucosinolate (GSL) content and self-incompatibi-
lity (SI) degree segregation were investigated in doubled haploid regenerants of
oilseed rape. No statistically significant difference was proved between the
donor plant of a high 00 quality and its DH progeny on 95% confidence level in
EA content that ranged from 0.15 to 0.74%. Seven of DH regenerants proved
statistically significant lower content of GSL in comparison with the initial
plant. GSL content in pmol/g seeds ranged from 7.33 to 20.00, the value of the
initial plant was 27.33. DH regenerants derived from four F) combinations of SI
and self-compatible (SC) 00 breeding material segregated in completely SI
plants from 10.0 to 26.8 % whereas the expected rate SI to SC plants was 1:1. It
could be caused by the effect of gametic selection in microspore cultures. No
differences have been observed when inbred or DH lines were used as SI pa-
rental components. There is little chance to gain desired combinations of SI and
00 quality. That is why it is necessary to produce a large amount of DH regene-
rants per initial F hybrids.

winter oilseed rape; doubled haploid; segregation of traits; erucic acid; glucosi-
nolates; self-incompatibility

One of the possibilities to increase the rapeseed yield is the hybrid bree-

ding. Application of doubled haploid (DH) system facilitates production of
completely homozygous lines within one generation in comparison with tra-
ditional methods. The main demands for parental lines of hybrids are the
high seed quality and stable and reliable degree of self sterility. We have
recently obtained some genetic resources of doubled zero (00) quality and
several homozygous self-incompatible lines. Self-incompatibility (SI) in our

* Supported by Grant Agency of the Czech Republic (grant No. 506/94/1081).
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lines proved to be determined by multiple recessive S alleles in one locus
(Kucera etal,, 1996; Havel, 1996). Low erucic acid (EA) and glucosino-
late (GSL) content is controlled by several recessive genes. Therefore the
stabilization and combination of these traits using conventional breeding
methods is not efficient enough. The aim of our experiments is to obtain ho-
mozygous DH lines with a high degree of SI and 00 oil quality. This proce-
dure could be complicated by the occurrence of gametic selection that may
cause lower frequency of desired genotypes (Foisset et al., 1993). Our
experimental work should enable obtaining necessary information about the
doubled haploid utilization for creation the homozy gous lines with combina-
tion of some characters determined mainly by recessive genes.

MATERIAL AND METHODS

One plant selected from a new bred material originated in Research Insti-
tute of Oilseed Crops (RIOC) Opava was chosen as a donor of 00 quality for
variability of this trait in DH regenerants determination. Four F; hybrid
combinations of homozygous SI lines and self-compatible (SC) 00 quality
resources from RIOC Opava and Research Institute of Crop Production Pra-
gue-Ruzyné were prepared for DH lines production with combination of
these characters. For obtaining DH line methods of pollen embryogenesis in
microspore cultures and diploidization of haploids by the colchicine
treatment in vitro were used (Vyvadilova, Zelenkova, 1992; Vyva-
dilova etal., 1993). Regenerants from in vitro cultures were transferred to
soil in 8 cm pots and after 7-8 weeks of vernalization were transplanted to
19 x 19 cm plast containers and grown in an insect protected glasshouse.
Haploids and aneuploids detected by means of karyological analyses of
young plants were excluded.

Determination of erucic acid and glucosinolate content were made with
methods described by Kolovrat (1985)and Zukalova ( 1992), modified
for a low number of seeds. Self-incompatibility degree and stability were
tested by repeated self pollination in flowers of individual plants during the
period December—March and the evaluation of seed set in 10 developed
pods. As SI were considered plants with the mean number of seeds per pod
approximately from 0.0 to 3.0 and partially SI from 3.1 to 5.0. Plants that
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proved the seed set above 5.0 were counted as completely self-compatible.
Selected SI plants were additionally self pollinated in buds for their repro-
duction and quality analyses of seeds. One-way analysis of variance using
confidence level 95% was used for statistical evaluation of obtained data.
Seed quality data were evaluated by Scheffes and SI data by Tukey’s test.

RESULTS AND DISCUSSION
Erucic acid and glucosinolate content segregation

Results of evaluation of 23 DH regenerants derived from the donor plant
309/ 94 are given in Table 1. For EA content that was determined from two
analyses of individual samples no statistically significant difference was pro-
ved between the initial plant and its DH progeny on 95% confidence level
although F-ratio (2.399) was on the level of significance. EA content of indi-
vidual regenerants ranged from 0.15 to 0.74%. Evaluation of GSLcontent
was 3 to 4 times repeated for every sample. Seven of the evaluated regene-
rants proved statistically significant lower content of GSL in comparison
with the initial plant (Fig. 1). GSL content in pmol per g of seeds ranged
from 7.33 to 22.00 whereas the value of plant 309/94 was 27.33. Obtained
results corresponding with our previous experiments with DH regenerants
(Kucera et al.,, 1993) suggest the possibility to gain homozygous oilseed
rape lines with improved and stabilized 00 seed quality by means of this
method. However it is necessary to use donors of a high 00 quality for deri-
ving DH lines.

Self-incompatibility to self-compatibility segregation

Comprehensive results of testing DH regenerants originated from four F,
combinations of SI lines and SC breeding materials are given in Table II.
Number of SI plants in individual groups of regenerants ranged from 10.0 to
26.8%, partially SI plants from 0.0 to 8.0% and completely SC from 69.6 to
90.0%. Fig. 2 shows a broad range from completely and partially SI to highly
SC plants that was observed in all of regenerants groups. Only the plants
possessing the mean seed set per pod from 0.0 to 10.0 were chosen in every
group of regenerants for statistical evaluation. Table III demonstrates segre-
gation of SI to SC in DH regenerants derived from OP 600 F, genotype as an
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I. Erucic acid and glucosinolate content segregation in DH regenerants from the donor plant
309/94

Plant No. 4] (molgsesd] | | for OSL oontent
309/24 0.40 7.33 X
309/67 0.24 7.67 X
309/16 0.53 9.00 X
309/18 0.32 9.06 X
309/12 0.21 9.33 X
309/11/1 0.74 10.00 X
309/102 0.15 12.33 XX
309/108 0.26 12.50 XXX
309/13 0.19 13.33 XXXX
309/87 0.46 13.33 XXXX
309/53 0.30 14.33 XXXX
309/32 0.30 15.00 XXXX
309/83 0.31 15.00 XXXX
309/120 0.19 15.00 XXXX
309/8 0.66 15.33 XXXX
309/128 0.17 16.75 XXXX
309/61 0.28 18.00 XXXX
309/1172 0.60 18.67 XXXX
309/52 0.29 18.75 XXXX
309/9 0.50 19.33 XXXX
309/66 0.19 21.00 XXXX
309/80 0.32 21.33 XXXX
309/158 0.55 22.00 XXXX
309/94 0.52 27.33 X X

F-ratio EA content 2.399 F-ratio GSL content 8.104
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DH regenerants

[ donor plant 30954 I DH regenerants

example. Considering that there are no significant differences between par-
tially SI and SC individuals in all cases it is recommended to select only
plants with a high SI level for DH lines deriving. To make sure of SI degree
and stability it should be verified in R, generation again. Although expected
ratio of SI to SC regenerants is approximatelly 1 : 1, considerable shift to
self-compatibility has been observed in our experimental material. It could

IL. Evaluation of self-incompatible — self-compatible degree in DH regenerants of four F, ori-

gins
) No of Plants counted as
Ficombi-
nation | €Valuated SI partially SI sC
regenerants
No [%] No [%] No (%]
OP 600 56 15 26.8 2 3.6 39 69.6
OP 584 25 4 16.0 2 8.0 19 76.0
OP 645 18 2 11.1 1 5.6 15 83.3
14 x 309 10 1 10 0 0 9 90.0
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III. Self-incompatibile — self-compatible segregation in DH regenerants derived from OP 600

genotype
Plant No. Average No. of seeds per pod Homogeneous groups
41 0.00 X
9 0.00 X
36 0.00 X
25 0.00 X
48 0.10 XX
40 0.20 XX
12 0.30 XX
54 0.30 XX
49 0.50 XX
31 0.60 XX
32 0.60 XX
56 0.70 XX
38 1.20 XX
46 1.80 XXX
17 2.30 XX
19 3.80 XX
15 5.20 XX
59 6.00 XX
29 6.90 X
F-ratio 25.466

be caused by gametic selection in a microspore culture against SI genotypes.
No substantial differences have been observed when inbred lines (OP mate-
rials) or DH line (No 14) were used as SI parental lines. That gives little
chance to gain desired combinations of SI and 00 quality in a limited number
of SI regenerants.
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2. Range from self-incompatibility to self-compatibility in DH regenerants derived from indivi-
dual F1 hybrid combinations

It may be concluded that there is necessary to produce a larger amount of
regenerants per initial F, hybrid combination to get highly SI regenerants on
a large scale. It is reccommended to use DH lines as parents of F; hybrids to
be sure of their homozygosity in desired traits.
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Segregace specifickych znakii u DH regeneranti Fepky ozimé

U DH regeneranti fepky ozimé byla sledovana segregace v obsahu kyseliny
erukové (KE), glukosinolati (GSL) a ve stupni autoinkompatibility (AI).
V obsahu KE, ktery se pohyboval od 0,15 do 0,74 %, nebyl zjistén statisticky
vyznamny rozdil mezi vychozi rostlinou s vysokymi parametry 00 kvality
a jejim DH potomstvem na 95% hladin€ vyznamnosti. Sedm z DH regenerantii
vykazalo statisticky vyznamné& niZ8i obsah GSL ve srovnani s vychozi rostli-
nou. Hodnoty jednotlivych rostlin v umol/g semen se pohybovaly od 7,33 do
20,00, zatimco u vychozi rostliny bylo zjisténo 27,33 pumol. Z DH regeneranti
odvozenych od &tyf F; kombinaci AI a autokompatibilnich (AK) 00 Slechti-
telskych materiali vy3tépovalo od 10,0 do 26,8 % Al rostlin, zatimco o¢ekava-
ny pomé&r Al : AK rostlin byl 1 : 1. Tato odchylka je zfejmé zplisobena vlivem
gametické selekce v mikrosporovych kulturach. Nebyl shledan podstatny
rozdil pri pouZiti inzuchtnich linii nebo dihaploidni linie jako Al rodi¢ovskych
komponent. Z vysledkii vyplyva mala pravdépodobnost ziskat poZzadované
kombinace Al a parametrii 00 kvality. Proto bude nutné vytvatet vétsi poéet DH
regenerantl z vychozich F; hybridi.

fepka ozima; dihaploidy; segregace znaki; erukova kyselina; glukosinolaty;
autoinkompatibilita

Contact address:

Ing. Vratislav Kudera, CSc., Vyzkumny ustav rostlinné vyroby,
161 06 Praha 6-Ruzyng, Cesk4 republika, tel.: 02/360851, fax: 02/365228
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CONSTRUCTION OF A GENETIC LINKAGE MAP
FOR Brassica campestris L. (SYN. Brassica rapa L.) *

Barbora NOVAKOVA, Jaroslav SALAVA®, Derek LYDIATE?

Czech University of Agriculture, Prague;
IResearch Institute of Crop Production, Prague, Czech Republic;
?Brassica and Oilseeds Department, John Innes Centre, Norwich, United Kingdom

Abstract: The genetic linkage map of Brassica campestris has been derived
from a progeny of recombinant inbred lines. Eighty-three loci were detected in
10 linkage groups of the total length 1138.1 cM. For the identification of the
same loci the map was compared with a genomic map of B. napus constructed
with the same DNA probes. The genetic map of recombinant inbred lines is
slightly different from maps derived from other crosses and its use can be seen
in comparative mapping and marker assisted selection.

Brassica campestris, RFLPs; genetic map;, recombinant inbred lines

Restriction fragment length polymorphisms (RFLPs) are genetic markers
detected by hybridizing cloned DNA sequences to DNA fragments from
restriction enzyme digests. Advantages of RFLP markers are abundance,
phenotypic neutrality and co-dominance when compared with other types of
genetic markers (Beckman and Soller, 1983).

Detailed genetic linkage maps in plants are very useful tools for studying
genome structure and evolution, identifying introgression between different
genomes and localizing genes of interest (Song et al., 1991). RFLPs have
been used to construct genetic linkage map in a wide variety of species inclu-
ding Brassica campestris L. (Song et al, 1991; Chyi et al.,, 1992; Sala-
va, 1995).

Recombinant inbred lines offer an attractive alternative F, and backcross
generations since they reprezent fixed, homozygous individuals that can be
used indefinitely for gene mapping studies (Powell, 1987).

* This project was funded by grants of EC TEMPUS JEP 1426 and BBSRC UK.
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Recombinant inbred lines are used :

a) in map-based gene cloning based on the linkage map of Arabidopsis tha-
liana L.,

b) in marker aided selection (including gene tagging, QTLs, rapid introgres-
sion) (Tanksley, 1993).

The main aim of the research was to construct an RFLP linkage map of
Brassica campestris and compare it with other maps of B. campestris and
B. napus L. constructed with the same sets of DNA clones.

In this paper we report on the map of RILs, the map of B, progeny will be
discussed in a following paper.

MATERIAL AND METHODS

Plant material and crosses

Description of used lines is referred in Table 1.

I. Characterics of Brassica campestris lines used in this project

Designation Subspecies Origin Genetic characteristics
RM29 oleifera JIC Norwich inbred line
R-c-50 chinensis SCRI Dundee inbred line

Obtaining RIL progeny for genetic mapping is shown in Fig. 1.

RIL

P: RM29 x Rc-50

F;: (RM29 x R--50)

4 times selfpollinated

F .

5. inbred progeny 1. Scheme of the used cross
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To overcome problems with self-incompatibility the plants were sprayed
with 1.5% NaCl solution. In a few cases we had to carry out the pollination
in buds.

Conditions for plant growth

The plants were grown in a glasshouse, where the temperature was kept
about 20 °C during the day and from 10 to 12 °C at night; day length was
regulated to 8 hours. We used plastic pots with a substrate of soil, peat, gra-
vel, chalk and the fertiliser Osmocote.

Plant tissue and DNA

Sixty-five RILs were used for construction of the linkage map. Harvest of
plant material, freeze drying, isolation of plant DNA, restriction enzyme di-
gestion (EcoRlI), capillary blotting, hybridization and radioactive work with
DNA probes were carried out as described by Sharpe et al. (1995) and
Parkin et al. (1995). '

RFLP probes

RFLP probes were derived from PsfI fragments (of length from 0,6 to
2,0 kb) taken from genomic libraries of B. napus (“pN“ probes), B. cam-
pestris (“pR* probes) and B. oleracea L. (“pO* probes), which had been pre-
pared at the Brassica and Oilseeds Research Department of John Innes
Centre, Norwich, United Kingdom. We decided to complete them with “in-
dustrial probes” (“pW* probes) supplied by Thomas Osborn from the Uni-
versity of Wisconsin, Madison, USA. The three cDNA probes CERI,
DESAT, SLG29 also originated from the Department at the John Innes
Centre.

RFLP data

For the prediction of each linkage between single loci we applied the pro-
gram MAPMAKER version 1.9 (Lander et al., 1987). A LOD score 5 was
used to associate RFLP loci into initial linkage groups. The most probable
order of detected loci in each linkage group was determined by three-point
analysis. Frequency of recombinations was converted to map distances using
Kosambi’s mapping function (Kosambi in Sharpe et al., 1995).
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RESULTS

Genomic map of Brassica campestris

Fifty-five informative DNA probes detected in the RIL progeny 83 loci in
10 linkage groups, which means 1.5 detected loci per DNA probe. The size
of single groups ranges from 30.7 to 222.6 cM, and the total length of the

R1

PO43E3 .

250

POS2E2NM .
26.0

PN67a |

CeriEl .

PWI1G61EL

78.8 cM

R2

ledEl
pW1

pwisori’ d

pr1143",

poi%_,-

ml,.o-

PWI194E2NP 4

163
pR72a 4

92.6 cM

R4

PR3E5SNP
13.7
PNO1ESNM

pN202c

206.6 cM

2. Genetic linkage map of B. campestris based on segregation in the RIL population (linkage

groups R1-RS5)
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map is 1 138.1 cM. The average distance between two markers is 15.02 cM,
if we consider huge gaps in R3 and R7 linkage groups. The maximum
distance is 44.7 cM in R9, and the minimum distance is 1.6 cM in R1.

Thirty-one markers were not linked, but it is planned to establish these
linkages after carrying out some more hybridizations.The whole genomic
map is shown in Fig. 2 and 3.

R6 R7 RS
POSINM pW194a PRS4BNM
24.5
6.4 pW108d
9.1
PRED . PWI1918P 1o
20.8
202
pN151a PO9SE2
leOla = ‘l.’:
pO3d 1.8
21.0 28.0
PW154E4NP
PW137cNM . — pO165E2
PRS4E3
47.5 cM 30.7 cM
227
pRS4a
92
RO SLG29E1 R10
22
PNOI7E3 PW150b pN23f
12.3 3.4 g
pN173c 4 PWI1S0E3 -
I pN170a
A 14.4
PWI191E6NM . ‘ 222.6 oM pO1554
154 s.1
pW14l‘;° o PW102a/e
i pR1 1511;9
&0 19.0
PR3ES . PR29E2
T pN91-N::
pw19lnzdr§£7q
PO1S9E1 - 59.5 cM
pO165p
PN23b -
187.9 <M

3. Genetic linkage map of B. campestris based on segregation in the RIL population (linkage
groups R6—-R10)
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' DISCUSSION

We obtained the map of RIL progeny which contains 10 linkage groups,
corresponding with 10 chromosomes in this species, of a size ranging from
30.7 to 222.6 cM. The total length is 1 138.1 cM, and the number of loci
mapped is 83. These results agree with the data published by Song et al.
(1991) and Chyi et al. (1992).

Ten linkage groups of Brassica campestris belong to 19 linkage groups
investigated in B. napus (Ly diate etal., 1993). For this reason it is possible
and even reasonable to compare both maps which contain RFLP probes of
the same origin.

Differences between maps of B. campestris and B. napus can be explained
by the lack of hybridizations carried out in the B. campestris progeny. How-
ever, of 83 mapped loci we have found 52 in the same linkage groups as in
B. napus loci, thus at a rate of 62.7%. Deviation (p < 0.05) from Mendelian
segregation ratios was observed in 8.5% of marker loci in RIL progeny. This
number is significantly lower than the 23% published by Teutonico and
Osborn (1994).

The biggest problem, in comparison, is with the probes used in hybridiza-
tion. Unfortunately, some DNA probes that had been polymorphic in
B. napus were found to be monomorphic in B. campestris; the reverse was
also found. Another difficulty was caused by the different number of DNA
probes used for hybridization. Therefore, a more objective and detailed
comparison is not possible at present.
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Geneticka vazbova mapa Brassica campestris L. (syn. Brassica rapa L.)

Geneticka mapa Brassica campestris byla odvozena z populace rekombi-
nantnich inbrednich linii. Podafilo se identifikovat 10 vazbovych skupin
v celkové délce 1 138,1 cM, coZ je srovnatelné s dfive publikovanymi mapami
tohoto druhu (Song et al., 1991, Chyi et al., 1992). K identifikaci shodnych
lokusii na mapé& byla pouZita genomova mapa Brassica napus L. (Sharpe et
al., 1995), k jejiz konstrukci byly pouZity stejné DNA sondy. Ziskand mapa
rekombinantnich inbrednich linii se aste¢né lisi od map pochézejicich z jinych
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kfiZeni (Salava, 1995) a jeji vyuZiti lze spatfovat hlavn& pro komparativni
mapovani v rodu Brassica a u selekce vyuZivajici RFLP markeri.

Brassica campestris, RFLP genetickd mapa; rekombinantni inbredni linie
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INHERITANCE OF SELF-FERTILITY IN SUNFLOWER

Gabriela SOARE, Alexandru Viorel VRANCEANU

Research Institute for Cereals and Industrial Crops,
Fundulea — Caldragi, Romania

Abstract: Studies in 1991-1993 used 45 commercial sunflower hybrids, 17 B
and Rf inbred lines (LC) and 200 experimental hybrids representing the F,, F,,
BC, and BC, populations obtained from crossing the 17 LC-s. The degree of
self-fertility was investigated in lines and their crosses, and correlations
between hybrid self-fertility and their yields, and between the degree of self-
fertility in the lines and F, hybrids, were calculated. The total variance and its
components were also calculated, together with the types of gene action and the
number of gene pairs involved in the genetic control of sunflower self-fertility.
This study showed that there is a positive and significant correlation between
the degree of self-fertility and hybrid yield, and between self-fertility of the
lines and their hybrids. In the F,, dominance of self-fertility was demonstrated.
Additivity and nonallelic gene effects were also proven. Heritability of this
character is moderate (h2, = 0.31-0.82) and the estimated number of gene pairs
involved in genetic control of self-fertility was 5—12.

sunflower; self-fertility; heritability

The self-fertility of sunflower lines as well as hybrids is one of the most
important traits in breeding programmes. It is a decisive factor for yield,
especially under less favourable weather conditions during flowering and in
areas where the number of pollinators is low.

Several papers identified the importance of the subject. According to
Vranceanu et al. (1978) the genetic influence on self-fertility is complex
and environmental factors play a large role in its expression. Fick (1978)
reported a high level of variability among sunflower lines, from complete to
zero self-fertility. Segala et al. (1980) using the regression between pa-
rental forms and hybrids, found a low heritability for this trait (0.26).
Burlov and Krutko (1986) found basic differences in inheritance of the
expression of self-fertility by autogamy and geitonogamy. Skaloud and
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Kovacik (1994) showed that a hybrid obtained from the cross of self-ferti-
le lines is generally more self-fertile than the parental forms. The objective
of this study was to establish the relationship between self-fertility of lines
and their crosses, and to clarify some aspects of the genetic control of this
trait.

MATERIALS AND METHODS

For this study, 45 commercial hybrid and 17 inbred lines possessing diffe-
rent degrees of self-fertility were used. From the crosses of 17 inbred lines,
200 hybrid populations F,, F,, BC, and BC, resulted. These hybrid popula-
tions were studied together with the parents under field conditions for two
years (1992, 1993).

The design of the experiment utilised the randomised block with three
replications. The degree of self-fertility was determined on 15 sunflower
heads/variant. The type of gene action was calculated by the method propo-
sed by Gamble (1962). Total, genotypic and environmental variances have
been calculated using the formula proposed by Brewbacker (1964). The
heredity coefficients in the wide sense were calculated using the formula
proposed by Mahmud and Kramer (1951). The number of gene pairs
involved in the genetic control of self-fertility was estimated using the
formula proposed by Weber (1950).

RESULTS AND DISCUSSION

The analysis of the correlation between the self-fertility of commercial
hybrids and their seed yield indicated a positive and significant relation,
r = 0.54 (Fig. 1). In practice, the level of hybrid self-fertility is highly de-
pendant on the self-fertility of the inbred lines. The results, with its positive
and significant correlation, » = 0.66 (Fig. 2), emphasise that to obtain a
hybrid with a high degree of self-fertility, it is necessary to increase the se-
lection pressure on the inbred lines for this character.

The inbred lines used for genetic study of self-fertility in sunflower were
significantly different in this respect (Tab. I). Based on mean differences,
according to the Duncan test, the lines were classified into three groups: self-
fertile (SF) — RHA-270, V-1304, T-66-8712, SVM-8791; medium self-ferti-
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“ 1. Relationship betwen self-fertilityand seed yield of 45 sunflower commercial hybrids

le (MSF) — ISS-14699, MD-4634, ND-1416; and self-sterile — O-7657, V-3281,
SP-4559 (Table II). The hybrids from diallel crosses showed the presence of
dominance for self-fertility. While overall variance was large, the genetic
variance was clearly the most important one (Table III). In the genetic
control of self-fertility, the effects for additivity were significant (Table IV).
Effects for dominance and nonallelic interactions were also present (V-1304 x
0-7493, 0S-13338 x S-1358, RHA-270 x T-66-8712). With reference to the
relationship between genetic variance (V) and the total variance (V,), and

L. Self-fertility degree of B and Rf sunflower lines used in genetic study of self-fertility
(Fundulea — 1992-1993)

Source Degrees of | Sum of Mean | @ edF Tabular F
of variation freedom square square % 1%
Lines (A) 16 14916 | 93230 | 3162%** | 197 2.62
Error (A) 32 94 2.94
Years (B) 1 43 43.23 6.64* 413 7.44
bi“fg)Ym 16 9.643 | 602.71 | 92.66***| 195 2.58
Error (B) 34 221 6.50
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2. Relationship between self-fertility of sunflower and self-fertility of their crosses

with the genetic variance for additivity to the genetic variance, the heritability
of self-fertility was moderate (h2, = 0.11-0.67) (Table V).

The results demonstrated that self-fertility of sunflower has to be conside-
red as a complex phenomenon, and polygenically inherited. The number of

IIl. Phenotypic (V,), genotypic (V,) and environmental variance (V) for self-fertility in
sunflower

1992 1993
Cross % % % %
Ve Vg from Ve from Vp Vg from Ve from
VP VP Vp Vp
V-1304
« 0-7493 17.5 8.7 50 8.8 50 16.3 83 |51 8.0 49
V-1304
« V-3281 593 | 478 81 11.5 19 289 | 179 | 62 11.0 38
0S-13338
X S-1358 10.5 59 56 4.6 44 9.9 2.8 |28 7.1 72
RHA-270
« T-66-8712 21.7 7.4 34 14.2 66 16.7 2.4 1# 143 86
RHA-270
% O-7869 56.8 | 46.8 82 10.0 18 399 | 286 | 72 11.3 28
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Brons Voat Statistic M Genes action type
parameter A D AA AD DD
—_— x 55.7%*% 15.2# 77.1%* 45.2% 4.8 -23.1
V-1304 v, 17.5 28.7 410.5 395.0 32.3 801.5
X043 o x 50.2%** 37.0%** 31.8 16.4 28.3%%+ -10.1
v, 16.3 25.1 376.4 361.2 28.0 723.2
—_— x 42.8%%* 22.1* 54.8 39.0 2.8 472
V-1304 v, 59.3 82.3 1304.7 1277.5 84.6 2374.1
V0381 e % 68.4%%+ 3.7 50.4 14.6 -16.8* —86*
v, 36.8 56.7 837.9 815.5 60.2 1509.7
. x 34.5%%* 9.8 -7.6 -21.7 7.6 RJ
08-13338 v, 10.5 16.1 242.9 231.8 17.2 469.8
Kh-lacs _— x 3]1.5%%¢ 14.1%* 44.3* 33.4% 8.6 ~75.4%*
v, 9.9 17.4 237.5 226.2 20.7 482.2
o x 60.8%** -1.3 67.2* 53.8* -6.75 ~100.5%*
RHA-270 A 16.7 31.5 414.7 393.0 38.6 858.1
Rt _— x 65.4%%% 13.2% 52.6 42.0 6.6 -65.9
v, 21.7 36.6 517.8 493.4 42.7 1030.5
55 x 60.2%** 11.1 42.0 19.0 -10.4 186.5%**
RHA-270 v, 39.9 56.3 884.4 864.4 61.0 1559.2
o 1993 x 61.2%** 28.8%* 37.6 11.6 2.8 -32.6
4 56.8 76.2 1230.9 1214.6 80.1 2202.0

t5%=213;1t1%=2.94;10.1% = 4.07
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V. Wide 42 and narrow sense k2 heritability coefficients for self-fertility of sunflower
(1992-1993)

Cross F Fa
1992 1993 1992 1993
V-1304 x O-7493 0.50 0.51 0.36 0.46
V-1304 x V-3281 0.80 0.49 0.67 0.46
08S-13338 x S-1358 0.54 0.28 0.46 0.25
RHA-270 x T-66-8712 0.34 0.14 0.31 0.11
RHA.270 x O-7869 0.82 0.71 0.66 0.59

gene pairs was 5.42—11.7 (Table VI). Clearly, to obtain hybrids possessing a
good level of self-fertility requires the presence of a higher level of self-ferti-
lity in the inbred lines crossed.

VI. Estimated number of pair genes involved in genetic control of sunflower self-fertility

Ciciia Number of pair genes
1992 1993
V-1304 x 0-7493 9.44 9.15
V-1304 x V-3281 8.59 11.70
0S-13338 x S-1358 5.42 7.64
RHA-270 x T-66-8712 6.54 7.12
RHA-270 x O-7869 7.94 9.31
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Dédi¢nost autogamie u slune¢nice

V letech 1991-1993 jsme uskute¢nili pozorovani tykajici se 45 komer¢nich
hybridi slune¢nice, inbrednich linii 17B a Rf (LC) a 200 pokusnych hybridi, které
predstavovaly populace F;, F,, BC; a BC; pochézejici z kiiZeni 17 LC. U linii a je-
jich kiiZenci jsme sledovali stupeii autogamie a vypocitali jsme korelace mezi au-
togamii hybridi a jejich vynosy, a ddle mezi stupném autogamie u linii a hybridi
F1. RovnéZ jsme stanovili celkovou varianci a jeji sloZky, spolu s typem piisobeni
geni a podtem genovych pari, které se podileji na genetické kontrole autogemie
u sluneénice. Vysledek této studie prokazal, Ze mezi stupném autogamie a vynosem
hybridi, jakoZ i mezi autogamii linii a jejich hybridi existuje pozitivni a vyznamna
korelace. V F, generaci jsme prokazali efekt dominance pro autogamii. Prokazali
jsem téZ u¢inky aditivity a nealelickych interakci gent. Dédivost tohoto znaku je
pomémeé mala (h% = 0,31-0,82) a potet genovych parii podilejicich se na genetické
kontrole autogemie ¢inil 5-12.

slune¢nice; autogamie; dédivost
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EVALUATION OF SELF-FERTILITY IN SUNFLOWER LINES

Vojtéch SKALOUD, Antonin KOVACIK

Research Institute of Crop Production, Prague-Ruzyné, Czech Republic

Abstract: Autogamy, geitonogamy and free pollination were used in mutual
crosses of lines with various levels of self-fertility. After autogamy and gei-
tonogamy it was shown that the inheritance of self-fertility is governed by a
larger number of genes. Two basic principles, dominance and additivity, prevail
in their interaction. The degree of trait expression largely depends on the way of
pollination or on the form of self-fertilization. After geitonogamy, interactions
between genes determining the inheritance of self-fertility are expressed in
varying degrees of incomplete dominance of self-fertility, absence of domi-
nance — intermediarity being the extreme case. In contrast, after autogamy the
final effect shows a trend to incomplete dominance of self-sterility (eventually
low degree of self-fertility) or again a trend to a state close to intermediarity. The
use of lines with different levels of self-fertility for the development of hybrids
is of importance for breeding, for different requirements of the maintenance of
parental lines and for the ability of the hybrid to offer high yield even under
adverse conditions for pollination.

line crosses; self-fertility; inheritance of trait, sunflower

The paper is based on the results published in an earlier contribution
(Skaloud, Kovagik, 1994) which dealt with experiments on hybridisa-
tion of self-fertile lines from the point of view of their reaction in crosses, i.e.
application in the breeding of hybrids.

The present paper is a continuation of that contribution. It evaluates the
inheritance of self-fertility of the same lines. The original trial was com-
pleted by an analysis of crosses of lines with an extreme expression of self-
fertility; these lines were not yet available at the first stage of the experiment.

Several foreign papers characterize the subject as topical. According to
Vranceanu etal. (1978) the genetic influence on self-fertility is very com-
plex, and environmental factors contribute greatly to its expression. In the
F,, partial dominance prevails. George et al. (1980) point to a very broad
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variability among sunflower lines, from complete to almost zero self-fertil-
ity. Segala etal. (1980) express the heritability of self-fertility by means of
regression between parents and hybrids by coefficient 0.26, which can be
considered as a lower degree of heritability. Burlov and Krutko (1987)
found a basic difference in inheritance of self-fertility after autogamy (sclf-
pollination of one flower) and geitonogamy (pollination among flowers in
one head). In geitonogamy, intermediarity or partial dominance are manifes-
ted in the F, generation. In autogamy, sclf-fertility is mostly of recessive
character.

MATERIAL AND METIIODS

The most important methodical part is application of various ways of pol-
lination; these are shown in Fig. 1. Of the presented ways of pollination
autogamy, geitonogamy and free pollination were used.

sutogamy geitonogamy geminogamy adelphogamy homogamy

1. Ways of sunflower pollination

As material, lines differing in the achene sct after application of autogamy
and geitonogamy (further A and G) were used. Characteristics of the sclf-fertil-
ity level of lines are presented in Fig. 2. A classification of lines can be de-
rived from it:

1. lines with a high level of self-fertility after A and G — line 5;

2. lines with a medium level of sclf-fertility after A and a high level after G
— lines 3 and 6;
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3. lines with a medium level of self-fertility after A and G — line 2;
4. lines with a low level of self-fertility after A and a medium level after G
— line 4,
5. lines with a low level of self-fertility after A and G — line 1.
After free pollination three categorics can be formed: achene set up to 60%
(lines 1 and 2), achene set 60—-80% (lines 3 and 4), achene set over 80%
(lines 5 and 6).

O autogamy
80 1 m geitonogamy
# free pollination
8
fo
o
8
E 4]
kel
€
20 1
]
0

2. Comparison of lines as for fertilized achenes after autogamy, geitonogamy and free pollina-
tion

Used lines: Line 1 = SUNDAK (from the USA varictal population,
of confection type)
Line 2 = HT 23 ¢ (from Rumania)
Line 3 = D-34-2-10 (from France)
Line 4 = NS H 33 RM (from Yugoslavia)
Line 5= AC 84 1015 B (from Rumania)
Line 6 = HA 89 (from USA)
The trial was carried out in three replications (three hybrid combinations of

the same hybrid and three sister lines from one parental line). Each variant
was represented by six heads in one replication. Given values of the achene
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set in % represent the average of all replications, i.e. of 18 heads (three rep-
lications of six heads each). Comparison of variants was carried out by
means of 7-test at 95% probability.

RESULTS

Fig. 3 indicates that the average of parental lines was exceeded in hybrids
after free pollination in the combinations 1 x 2 and 1 x 3 by 25-30% (statisti-
cally significant difference), in the combinations 1 x 6 and 3 x 4 by 15-20%
(statistically significant difference), and in combinations 3 x 6 and 5 x 6 by
only 0-10%. This shows that a significant enhancement of the achene set
after pollination (free pollination) is manifested most clearly in hybrids of
lines with a low or medium level of self-fertility.

O average of parents m F % F,

8 8

8

% of fertilized achenes

20 -

1x3 " 3x4  3x6

3. Comparison of hybrid generations with the average of parents afler free pollination

A comparison of the average of parents with hybrids presented in Fig. 4
shows that after geitonogamy most hybrids (except combination 3 x 6) ex-
ceeded the average of parents in achene set (significant differences in combi-
nations 1x 2, 1 x 3 and 1 x 6). This can be explained either by the expression
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1x6  3x4  3x6
4. Comparison of hybrid generations with the average of parents after geitonogamy

of hybrid vigour, or by dominance of the more efficient parent. In compari-
son with the more efficient parent, hybrid vigour manifested itself only in
combinations 1 x 2 (25%; significant difference) and 3 x 4 (10%). A compari-
son of the average of parents with the F, generation shows that even in these
cases the set of achenes is influenced also by dominance of the more efficient
parent aside from hybrid vigour. It is obvious that in the inheritance of ach-
ene set after geitonogamy the prevailing principle is incomplete dominance,
in fewer cases intermediarity (combination 3 x 6). Hybrid vigour contributes
to the expression of the trait particularly when parents show a lower level of
self-fertility.

After autogamy the situation is slightly different, as presented in Fig. 5. In
the two combinations 3 x 4 and 3 x 6 (significant differences), achene set in
the hybrid was lower than in both parental lines; in combination 1 x 3 the
decrease is noticeable in comparison with the more efficient parent. In these
cases the level of achene set in the F, is also higher than in F, (significantly),
which shows dominance of the parent that inclines to a low level of self-fer-
tility. Rather close to dominance of the self-fertile line or the effect of hybrid
vigour is manifested in other combinations (significant difference in combi-
nations 1x 2, 1 x 6, 5x 6).
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5. Comparison of hybrid generations with the average of parents after autogamy

To confirm the above conclusions, an additional experiment was carried
out in which only extreme categories of lines were crossed. Results of the
cross of line A (86 % seclf-fertility after geitonogamy and 67% after
autogamy) with line B (showing an achene set of 16% after geitonogamy and
4% after autogamy) are presented in Fig. 6. The same sclf-fertile line was
further crossed with five other, almost sclf-sterile lines (achene set after
autogamy 2—6%, after geitonogamy 11-22%). Fig. 6 shows that the level of
the hybrid in the F,; corresponds to incomplcte dominance of self-fertility
after geitonogamy, and incomplete dominance of sterility after autogamy
(differences between parents, their mean value and F; in geitonogamy as
well as in autogamy are statistically significant). Fig. 7 shows that incom-
plete dominance of self-fertility after geitonogamy is manifested in two out
of five cases (differences in combination AD as well as AB are significant).
The remaining three cases are closer to the expression of intermediarity. Fig.
8 presents the expression of the same trait after autogamy, but with a re-
versed trend. Two out of five crosses show more or lIcss intcrmediarity, three
other crosses show a trend to dominance of the self-sterile line (differences
in combinations AD, AE and AG are significant).

270



Genet. a Slecht., 32, 1996 (4) : 265-274

6. Results of crosses of
80 4 two lines with extreme
levels of self-fertility

§ after geitonogamy and
g &y autogamy
§
8
*
204

A AB F B A AR F, B
geitonogamy autogamy -
DISCUSSION

The inheritance of self-fertility is governed by a higher number of genes.
In their interactions two basic principles prevail, dominance and additivity.
The degree of trait expression largely depends upon the way of pollination

O average of parents

60 1 8 F
§ w
'§ 40 E
5
k)
B3

20 1

AC AD AE AG AH

combination

7. Results of crosses of highly self-fertile lines with low self-fertile lines after geitonogamy
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8. Results of crosses of highly self-fertile lines with low self-fertile lines after autogamy

eventually form of self-pollination. After geitonogamy, the interactions
between genes that determine the inheritance of self-fertility are expressed in
various degrees of incomplete dominance of self-fertility, absence of domi-
nance — intermediarity is the extreme case. In contrast, after autogamy the
final effect is manifested by a trend to incomplete dominance of self-sterility
(or low degree of self-fertility), or again by a trend to intermediarity.

From the point of view of plant breeding, the above conclusions on the
inheritance can be applied in the maintenance of lines, as well as for in-flu-
encing the number of fertilised achenes in a hybrid under conditions that are
unfavourable for pollination (lack of pollinators, or unfavourable weather at
flowering: either too hot and dry or too cold and wet). Thus, a hybrid devel-
oped by crossing two self-fertile lines can achieve a high degree of achene
set even under unfavourable conditions for pollination. Both parental lines
can be also maintained easily by autogamy, the most labour-saving way.

A hybrid developed by using a line with a medium level of self-fertility
(offering a higher achene set only after geitonogamy) will under unfavour-
able conditions for pollination have a slightly decreased achene set, and the
parental line must be maintained by more laborious geitonogamy. Only in an
exceptional case should a line with a high trend to self-sterility be used in the
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development of hybrids; this exception applies if such a line is an exclusive
donor of necessary genes. A hybrid developed with participation of an al-
most self-sterile line faces the risk of a very low achene set under unfavour-
able conditions for pollination, and is able to give high yiclds only under
optimal conditions for pollination. The line itself is difficult to maintain; suc-
cessful self-fertilisation can be usually achieved only when a laborious way
of pollination-adelphogamy (see Fig. 1) is used.
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Ilodnoceni autofertility u linii slune¢nice

Z riuznych zpisobill opyleni bylo v pokusech pouZito autogamie, gei-
tonogamie a volného opyleni. Vzdjemna kfiZeni linii s riznymi hladinami au-
tofertility po autogamii a geitonogamii ukazuji, Ze dé&di¢nost autofertility je
fizena vétsim poftem geni. V jejich interakcich pfevladaji dva zakladni prin-
cipy — dominance a aditivita. Stupeii projevu znaku do zna¢né miry zavisi na
zplsobu opyleni, pfipadné na zpisobu samoopyleni. Po geitonogamii se in-
terakce mezi geny urcujicimi dédi¢nost autofertility projevuji riznym stupném
neuplné dominance autofertility, nepfitomnosti dominance, pfi¢emZ interme-
diarita je extrémni pfipad. Naopak po autogamii ukazuje koneény efekt trend
k netplné dominanci autosterility (ptipadné nizkou troveii autofertility), nebo
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opét trend ke stavu blizkému k intermediarité. UZiti linii s riznymi hladinami
autofertility pro tvorbu hybridi je vyznamné pro $lechténi, pro riizné naroky
udrZzovani rodi¢ovskych linii a pro schopnost hybrida poskytovat vysoky vynos
i za hor3ich podminek pro opyleni.

kfiZeni linii; autofertilita; dédi¢nost znaku; slune¢nice

Contact address:
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TRANSFER OF NEW CHARACTERS FROM WILD
Helianthus SPECIES TO CULTIVATED SUNFLOWER

Michail CHRISTOV, Pepa SHINDROVA, Valentina ENTCHEVA

Institute for Wheat and Sunflower “Dobroudja*, General Toshevo, Bulgaria

Abstract: Through interspecific hybridization between cultivated sunflower
and wild Helianthus species, forms with the potential of use for new charac-
teristics in sunflower were produced. Genetic material from 94 accessions of
6 annual and 20 perennial species was transferred into hybrid material. Transfer
of resistance to pests, early maturity and fertility-restorer genes (R/-genes) was
apparent in the Fi, and of other traits in the next generations. Application of
single and double backcross, sib-pollination and self-pollination made possible
not only to overcome the barrier of sterility of the interspecific hybrids, but to
create forms with interesting new characteristics. New material with resistance
to Plasmopara helianthi, Phomopsis helianthi, Phoma helianthi, Erysiphe
cichoracearum and Orobanche cumana, with high seed oil content, early matu-
rity and large seed size was produced by involving a large number of annual and
perennial species. Twelve new CMS-sources were obtained from five annual and
one perennial species. A significant number of forms that are carriers of fertili-
ty-restorer genes was obtained from 6 annual and 20 perennial species. R-lines
were created from these forms with high combining ability and resistance to

pests.

sunflower, Helianthus;, wild species; resistance; R-lines; CMS

Heterosis breeding has been the main direction in sunflower breeding du-
ring the last few years. The wild Helianthus species offer great and valuable
opportunities for utilization of heterosis selection. According to
Thompson etal. (1978), wild Helianthus germplasm, besides contributing
the basic stock from which cultivated sunflower originated, continues to
contribute specific characteristics for sunflower improvement. A number of
investigations show that Helianthus species are a rich genetic source for di-
sease and pest resistance, cytoplasmic male sterility, fertility restoration,
increased seed protein content, high oil quality and other features.
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Saziperov (1916) was the first who reported that genetic material had
been transferred from wild Helianthus species into cultivated sunflower.
Marchenko (1975), Pustovoit (1960), Leclercq et al. (1970),
Pustovoit (1975), Georgieva-Todorova (1976), Tsvetkova
(1976), Skorié¢ (1985), Jan and Chadler (1985), Christov (1990)
and others also reported a transfer of genetic material and development of
new sunflower forms using wild Helianthus species. The discovery of cy-
toplasmic male sterility (CMS) in sunflower (Leclercq, 1969) was very
important for heterosis breeding. Equally significant was the fertility restora-
tion gene (Leclercq, 1971; Fick etal, 1974; Skori¢ et al,, 1978).

The present paper examined the results of studies on the transfer of genetic
material from wild Helianthus species into sunflower, and the development
of new cultivated sunflower forms.

MATERIALS AND METHODS

New cultivated sunflower forms have been created and investigated for
12 years. Interspecific hybrids were used. They were obtained with the parti-
cipation of 26 wild Helianthus species and cultivated sunflower, using re-
ciprocal hybridization. From the annual species H. annuus (w.f.), H. debilis,
H. neglectus, H. petiolaris and H. praecox (diploid, 2n = 34) were included.
From the perennial species we used . divaricatus, H. giganteus, H. glau-
cophyllus, H. grosseserratus, H. maximiliani, H. mollis, H. nuttallii, H. sali-
cifolius, H. smithii (diploid, 2n = 34); H. decapetalus, H. hirsutus,
H. laevigatus, H. scaberimus, H. tomentosus (tetraploid, 2n = 68);
H. eggertii, H. ciliaris, H. pauciflorus (H. rigidus), H. resinosus, H. strumo-
sus and H. tuberosus (hexaploid, 2n = 102). Material involving H. x laetiflo-
rus (2n = 102) was also studied. Cultivated sunflower was represented by
fertile and male sterile forms. ;

The material was investigated under field conditions. Phenological and
biometric observations were taken. Female fertility of the plants was deter-
mined by the quantity of seeds obtained under open pollination. The 1000
seed weight was calculated by weighing two samples of 250 seed each. Seed
oil content and fatty-acid composition of the oil were determined according
to standard methods. The resistance to pests and parasites was established by
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methods approved and used in IWS (Panchenko, 1965, 1975; Pusto-
voit etal., 1976; Saliman etal., 1982; Tourvieille et al., 1988).

For most of the material the selection started in F,. Self-pollination, sib-
pollination and backcrosses were used to obtain the next generations. The
male sterile plants obtained from interspecific hybrids (wild species x culti-
vated sunflower) were pollinated with pollen from different sunflower
inbreds and cultivars with the aim to establish the type of sterility and to
maintain it. If fertile plants were produced from crosses between sunflower
A lines (sterile analogues) and different accessions of wild Helianthus spe-
cies, self-pollination was performed. At the same time new male sterile
plants were pollinated with pollen of F,, F, or F; plants. This was done to
confirm the presence of fertility restorer genes. After repeated self-pollina-
tion the degree of restoring ability was determined for the newly obtained
forms. Much of this material was included in heterosis breeding for the pro-
duction of new hybrid combinations.

RESULTS AND DISCUSSION
1. Some characteristics of the work with hybrid progenies

The progenies of interspecific hybrids could be characterized by an extre-
mely wide formative process, which makes it possible that new sunflower
forms are produced. The first hybrid generation is usually uniform in
morphological features. The plants are intermediate in phenotype, with do-
minating features of the wild parent. The F, hybrids, obtained with the parti-
cipation of annual species, give sufficient seed set if they are backcrossed or
sib-pollinated once and sometimes even self-pollinated. It is possible that F,
plants are pollinated with pollen of just one line or variety and sufficient
quantity of seeds and F, plants are produced. These ways of reproduction
and production of the next generation help to obtain forms which could
combine useful characters of both parents.

There are some difficulties connected with producing the second hybrid
generation of hybrids that involve perennial species, such as partial or total
sterility of the F, plants. It is useless to self-pollinate them, because it is
almost impossible to obtain seed set in this way. Most of the F, plants do not
set seed even if they are open-pollinated. This is especially true for hybrids
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with H. decapetalus, H. hirsutus and H. scaberimus. We found that
backcrossing (pollination with cultivated sunflower pollen) is the most
successful procedure for overcoming this barrier. The pollen is collected
from a group of lines and varieties. Part of it is mixed with pollen of F, plants
(that produce pollen) of the same combination. Those F; plants are pollinated
with the new pollen mixture. In this way a sufficient quantity of seeds and
plants of the next hybrid generation are produced. The partial sterility of the
F, hybrids is similarly overcome.

Evaluation of disease and parasite resistance of the F, hybrids is done
mainly to determine the character of the genes which control a particular re-
sistance. At the same time, plant selection is done, especially if a resistance
is combined with some other useful features. The heterogeneous character of
the hybrids for some features favors selection even in the first hybrid genera-
tion. When the generation number increases, selection becomes more purpo-
seful. Sterile analogues of cultivated sunflower lines are used once or twice
as maternal parents to produce materials that are carriers of fertility-restoring
(Rf) genes. In the latter case it is preferable to use sterile analogues of two
sunflower lines.

The specificity of obtaining F, (BC,) and F; (BC,) in some cases compli-
cates the maintenance and evaluation of the useful characters that were
transferred from wild Helianthus species. Nevertheless, it gives the opportu-
nity to eliminate the undesired ones. Successive and repeated self-pollination
to produce the next generations makes it possible to reduce many of the traits
to a homozygous state and leads to a more effective selection of desired
forms. These will thus have better self-fertility, higher seed oil content, and
other desirable traits.

2. Development of new sunflower forms

Sunflower forms were developed from the crosses of cultivated sunflower
x wild Helianthus species in which the cytoplasm and half or the greater part
of the nuclear material originated from cultivated sunflower. Some of these
forms had in their nuclear material Rf-genes, transferred from the wild pa-
rent. Thus, lines with normal cytoplasm without Rf nuclear genes, and lines
with normal cytoplasm with Rf nuclear genes, called R-lines, have been de-
veloped from this type of crosses.
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Lines were produced from the crosses of CMS sunflower lines x wild He-
lianthus species in which the cytoplasm belonged to the wild species (/. pe-
tiolaris or H. annuus (w.f.), H. argophyllus, H. debilis, H. praecox,
H. rigidus). A half or the greater part of their nuclear material originated
from cultivated sunflower, while the Rf-genes came from the wild parent.
The cytoplasm in this case is called sterile cytoplasm, because the plant ma-
terial is male sterile. R-lines with sterile cytoplasm and Rf-genes have been
produced from wild species.

New sunflower forms have been developed from reciprocal crosses of wild
Helianthus species x cultivated sunflower, these are called alloplasmic lines.
Their cell cytoplasm came from the wild species, and the greater part of the
nuclear material from cultivated sunflower. By using these crosses, genetic
material was transferred into cultivated sunflower from both the nuclear
and cytoplasm of the wild parent. Some alloplasmic forms had Rf-genes
in their nuclear material. If male sterile plants were obtained in the proge-
nies and the male sterility was maintained, this type of crosses allowed to
develop forms which had the cell cytoplasm of the wild parent and the
nuclear material only from cultivated sunflower. New CMS-sources were
produced.

By the above-mentioned methods and successive aimed selection a great
diversity of sunflower forms has becn produced which would be useful
mainly for heterosis breeding. Most valuable are those forms that combine
genes for resistance to some diseases or Orobanche cumana with high seed
oil content, good combining ability and other traits.

There are five trends for development of initial breeding material:

a) Development of new sunflower forms with complete or high resistance to
mildew, Phoma, Phomopsis, Sclerotinia, powdery mildew and broomrape

Emphasis is put on the development of forms that are carriers of resistance.
The other characters, such as high seed oil content, high 1000 seed weight,
vegetation period etc. remain in the background. The already obtained re-
sistant forms have been crossed with other forms which had other valuable
features to combine all these characters in one form and to develop lines with
normal cytoplasm or R-lines. Eighty-seven accessions of 5 annual and 20
perennial species were used in the development of resistant forms (Table I).
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I. Characters, transferred from wild Helianthus species into the cultivated sunflower

Erysiphe cichoracearum

Characters Species

Full resistance to

Plasmopara helianthi H. annuus (w.f.), H. agrophyllus, H. debilis, H. petiolaris,
H. praecox, H. divaricatus, H. giganteus, H. glaucophyllus,
H. grosseserratus, H. mollis, H. maximiliani, H. nuttallii,
H. salicifolius, H. smithii, H. decapetalus, H. hirsutus,
H. laevigatus, H. scaberimus, H. eggertii, H. ciliaris,
H. pauciflorus, H. resinosus, H. strumosus, H. tuberosus,
H. x laetiflorus

Phomopsis helianthi H. annuus (wf.), H. argophyllus, H. eggertii,

H. pauciflorus, H. glaucophyllus

H. decapetalus

Orobanche cumana H. tuberosus, H. argophyllys, H. pauciflorus, H. strumosus
High percent resistance to
Phoma helianthi H. argophyllus, H. laevigatus
Sclerotinia sclerotiorum
Gntuatioe: srldimisoeling H. praecox, H. argophyllus, H. annuus (w.f.)
Earliness H. praecox, H. scaberimus, H. glaucophyllus,
H. giganteus, H. rigidus, H. nuttallii, H. ciliaris,
H. annuus (w.f.)
Seed size H. annuus (w.f.), H. agrophyllus, H. tuberosus,
H. strumosus
High oil content | H. annuus (w.f.), H. debilis, H. petiolaris, H. praccox,
H. x laetiflorus
Genes, controlling CMS H. annuus (w.£.), H. argophyllus, H. debilis,
H. petiolaris, H. praecox, H. pauciflorus
Rf-genes H. annuus (wf.), H. argophyllus, H. debilis, H. neglectus,

H. petiolaris, H. praecox, H. divaricatus, H. glaucophyllus,
H. giganteus, H. grosseserratus, H. maximiliani, H. mollis,
H. nuttallii, H. salicifolius, H. smithii, H. decapetalus,

H. hirsutus, H. laevigatus, H. scaberimus, H. tomentosus,
H. eggertii, H. ciliaris, H. resinosus, H. pauciflorus,

H. tuberosus, H. x laetiflorus
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b) Development of new sunflower forms that are outstanding in early matu-
rity, short stem, seed size and kernel size, high seed oil content

The species from which these characters have been transferred into the
newly obtained sunflower forms are presented in Table I. It is difficult to
combine all these features in just one form, but nevertheless some new forms
have been produced which combined two, three and even the four features
together. At the same time forms were obtained with transferred resistance to
some of the pathogens noted in Table 1. Several of these forms represent
already fixed lines that were directly included in heterosis breeding.

¢) Development of inbred sunflower lines with normal cytoplasm (“B* lines)

The newly obtained “B* lines originated from crosses of cultivated sunflo-
wer x wild Helianthus species and wild Helianthus species x cultivated
sunflower. The total number of the already fixed “B*“ lines that had been de-
veloped until 1994 was 36. Stem height varied from 80 to 170 cm, and the

II. Characteristics of “B* lines, obtained from interspecific hybridization

Plant Head Seed oil | Vegetation
No Origin height diameter content period
(cm) (cm) (%) (days)
93-1159 | H. pauciflorus — M-028 155 15 48.79 105
93-1170 | H. strumosus — M-056 110 12 47.82 110
93-1191 | H. decapetalus — M-043 150 16 52.54 109
93-1202 | H. hirsutus — M-029 105 12 45.25 105
93-1215 | H. salicifolius — M-045 180 18 SL.15 107
93-1217 | H.x laetiflorus — M-005 120 17 49.72 110
93-1224 | H. annuus— E-002 160 20 51.60 115
93-1275 | H. argophyllus — E-007 140 23 49.96 105
93-1291 | H. debilis — E-011 155 24 47.10 108
93-1305 | H. debilis — E-014 150 21 52.68 108
93-1310 | H. petiolaris — E-034 135 16 49.67 105
93-1330 | H. praecox — E-029 125 16 4534 113
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vegetation period from 92 to 125 days. The 1000 seed weight varied from 35
to 118 g, and oil content from 37 to 53%. Some “B* lines had a high level of
Phomopsis resistance; others had complete resistance to downy mildew and
broomrape. The characteristics of some “B* lines are presented in Table II.

d) Development of inbred sunflower lines that are carriers of Rf~genes (R-lines)

R-lines originated from crosses of cultivated sunflower x wild Helianthus
species, CMS cultivated sunflower x wild Helianthus species, and wild He-
lianthus species x cultivated sunflower. Ninety-four accessions of 26 species
were used for their development, and 81 R-lines have been fixed till now.
Except for two, all of them had complete resistance to downy mildew. Some
R-lines have also been resistant to Phomopsis and broomrape. Those that
had no resistance to Mildew were completely resistant to Phomopsis.
Line R-7006 was remarkable for its high resistance to Sclerotinia (under arti-
ficial inoculation with sclerotia). Two lines were notable for their high re-
sistance to Phoma. All R-lines had a high combining ability. Data for some
R-lines is given in Table III.

III. Characterization of R-lines, obtained from interspecific hybridization

Plant Head Veget.ation Seed oil Gefie
No Origin height | diameter | period content atia
[em] | [em] | [days] | [%]
7004R | H. praecox — E-028 145 16 112 52.64 10*
7006R | H. praecox — E-028 120 18 98 46.71 12
7009R | H. tuberosus — M-037 80 13 92 45.99 12*
7011R | H. annuus — E-004 145 15 103 46.85 11*
7015R | H. debilis - E-011 120 15 102 52.73 10*
7017R | H. praecox — E-028 145 16 110 52.10 12*
7024R | H. tuberosus — M-004 140 25 105 48.95 11
7026R | H. smithii — M-008 140 14 106 45.34 11*
7027R | H. x laetiflorus — M-005 135 17 102 43.86 11*
7041R | H. eggertii — M-001 120 15 101 47.21 11*
7042R | H. pauciflorus — M-028 130 15 106 49.13 11*
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e) Development and investigation of new CMS-sources.

The search for new CMS-sources was combined with the development of
alloplasmic sunflower lines based on the cytoplasm of different wild species.
It was established that sterile forms could be obtained in different genera-
tions, from F;, BC, to Fs. It became necessary to use a greater number of
pollinators. Twelve CMS-sources have been obtained until 1994 (Table IV).
In none of the CMS-sources a negative effect of the cytoplasm was observed.
The plants produced with these CMS-sources developed normally.
The seed productivity of the sterile analogues that were based on the new
CMS-sources was equal to that of inbred lines (“B* lines).

IV. New CMS-sources, obtained from interspecific hybridization until 1995 in IWS “Dob-
roudja“, Bulgaria

New CMS-sources acclcj::l?nbge:oing A0 Origin Obtained in year:
AN-67 ANN-10 H. annuus — E-067 1986
AN-58 ANN-11 H. annuus — E-058 1988
AN-2-91 ANN-12 H. annuus — E-002 1991
AN-2-92 ANN-13 H. annuus — E-002 1992
ARG-1 ARD-1 H. argophyllus — E-006 1985
ARG-2 ARG-2 H. argophyllus — E-007 1985
ARG-3 ARG-3 H. argophyllus — E-006 1987
DV-10 DEB-1 H. debilis — E-010 1990
PHIR-27 PRH-1 H. praecox — E-027 1990
PRUN-29 PRR-1 H. praecox — E-029 1989
Pet-34 PET-4 H. petiolaris — E-034 1991
Rig-28 RIG-2 H. rigidus — M-028 1991

CONCLUSION

The methods of interspecific hybridization and the hybrid material pro-
duction made possible to develop a range of forms that are valuable for the
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sunflower crop quality. New forms were produced with resistance to diseases
and parasites, with economical importance for cultivated sunflower; new
forms that are remarkable for their short vegetation period, short or medium
hight of stem, high oil content. On this basis 36 “B* lines and 81 R-lines have
been developed and were included as parents in heterosis breeding. Twelve
new CMS-sources have been obtained from the hybrid material.
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Pienos novych genovych znaki z plané rostoucich druhu Helianthus
na kulturni sluneénici )

Mezidruhovou hybridizaci mezi kulturni slune¢nici a plan& rostoucimi druhy
Helianthus byly vytvofeny nové formy s uZiteénymi vlastnostmi. Do hybrid-
niho materidlu byl pfenesen geneticky material tvofeny 94 piiriistky (6 jedno-
letych a 20 vytrvalych druhit). Pfenos znaki zahrnujicich odolnost ke kiidctim,
ranost a geny obnovy fertility (geny Rf) byl zaznamenén jiZ v generaci F; spolu
s dal3imi znaky také v naslednych generacich. PouZiti jednoduchého a dvojité-
ho zpétného kiiZeni, pfibuzenského opyleni a autogamie umoZnilo nejen pfe-
konani bariéry sterility mezidruhovych hybridi, ale také vytvofeni forem
slune¢nice se zajimavymi vlastnostmi pro $lechténi. Byl ziskdn novy material
s odolnosti k Plasmopara helianthi, Phomopsis helianthi, Phoma helianthi,
Erysiphe cichoracearum a Orobanche cumana, s vysokym obsahem oleje
v nazkach, s ranosti a velkymi naZkami, ktery obsahuje velky pocet jednoletych
a vytrvalych druhi. Z péti jednoletych a jednoho vytrvalého druhu jsme ziskali
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dvanéct novych zdroji CMS. Vyznamny pocet forem jako nosi¢l genti-obnovi-
telu fertility jsme ziskali ze Sesti jednoletych a 20 vytrvalych druhii. Z téchto
forem byly vytvofeny R-linie s vysokou kombina¢ni schopnosti a odolnosti ke
Sktidctim.

sluneénice; Helianthus; plané rostouci druhy; rezistence; R-linie; CMS

Contact address:

Dr. Michail Christov, Institute for Wheat and Sunflower “Dobroudja“,
9520 General Toshevo, Bulgaria, tel.: + 359 58 2 63 64, fax: + 359 58 2 63 64
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NEWS

ELMI - AN INFORMATION SYSTEM TO USE PLANT
BREEDING DATA EFFICIENTLY

Elmar Alfons WEISSMANN, Sigrid WEISSMANN

DresE. & S. Weissmann, D-78224 Singen ,Germany

Modem variety development has to focus on many traits. Not only parameters
about yield and agronomic performance have to be considered, but all kinds of data
on disease resistance or quality. In some cases even biochemical data like enzympo-
lymorphisms, RFLP or AFLP etc. must be used to distinguish between genotypes.

Therefore, almost all European plant breeding establishments are equipped with
computers to manage the many data gained during the development of a variety.

From the plant breeding point of view, breeding work consists of four stages
(adapted from Schnell, 1982):

I — choice of parents to create new variation
II — development of varieties

III - test of experimental varieties

IV — maintenance of variety

The selection work is mainly performed by the breeder, whereas the technical
work like design and planting of the experiments or taking data is done by the tech-
nical personnel. .

From the technical point of view the features shown in Table I have to be perfor-
med:

This means that an information system for plant breeding (ISP) on one hand has to
support the technical personnel in the daily routine work, and on the other hand it has
to efficiently support the breeder in his selection procedures. Therefore, the collected
data have to be prepared so that they can be evaluated by the relevant statistical met-
hods. A complete ISP therefore consists of a data bank management system, a bank
of evaluation methods, and an interface between these two (Fig. 1).

For managing the databank we found it best to use an already existing relational
database management system. Many of them are available (like dBase, FOXpro etc.).

Examples of programmes usable for data evaluation which could be integra-
ted into the bank of data evaluation methods for breeding stages II and III are
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I. Features that have to be performed by data processing in a plant breeding company

Work

Feature

general

— evaluate and check of external data (e.g. varietal admission and registration)
— put data into the archives
— protect data against unauthorisized use

— protect data against unwanted lost

trial technic

- set up of sowing lists

— set up of sowing plans

— set up of lists e.g. for weighing

- set up of field books

— print field labels

— take and manage data

— process pedigrees and data from one generation to the next

— put into the archives the parents for creating new variation
— put into the archives the created populations
— choice of parents

— maintenance of parents

selec-
tion
work

stage

II

— design and evaluate single locus trials by standard or neighbourhood trials
— design and evaluate multiple locus yield trials

— collect and evaluate data of one candidate from previous seasons

— set up of lists where candidates are sorted according to different aspects

- calculate selection indices

— evaluate the performance of families

- calculate means and variability parameters of candidate groups

— design and evaluate multifactorial balanced or unbalanced trials
— set up of lists where candidates are sorted according to different aspects
- calculate selection indices

— documentation of a candidate’s genealogy
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e.g. GEN-STAT, SAS, SPSS or BMDP. Programmes to support stage I (choice of
parents) are created e.g. by Pe$ek (1983), Osborne and Mathern (1990), Sty-
les etal. (1985)or Coe (1991). At least one method for each breeding stage should
be part of an ISP.

data bank
helping interface
bank of data evaluation methods 1. Elements of an ISP (Information System
for Plant Breeding)

Meanwhile, there are many PC-Programmes available to help the breeder in his
work. Most of them deal at least with the evaluation of field trials (e.g. VERA,
VESAM, PLANTA, FTAB/ANOFT, PLABSTAT, SAS). The work of Brehm
(1991) or Schott (1989) was devoted to create an ISP for the segregating populati-
ons of autogamous crops or beets, respectively. Other programmes allow to print
field labels and field books (e.g. Andrews, Hardwick, 1982), but these progra-
mmes cannot be considered as ISPs since they deal with only parts of the work. Very
few programmes cover the total range of work at a plant breeding institution from
harvest to harvest, and for all aspects and stages of the breeding process (e.g.
MSTAT C, AGRO-BASE 4.0, STRUBE). With ELMI we have tried to offer a com-
prehensive ISP which can be run by the technical personnel without being computer
specialists.

ELMI up to now shows a main menu which reflects parts of the breeding work and
evaluation (Table II).

Before creating an ISP one has to decide on the keys for retrieving the data of a
candidate variety. In combining technical and theoretical breeding aspects we deci-
ded to use the annual candidate number combined with the pedigree informa-
tion. In trial plots the candidate number plus replication number results in the
fieldnumber. For multilocation experiments the candidate has the same field-
numbers at each location, thus facilitating retrieval of the candidate over lo-
cations (Weissmann, 1992).

Most of the programmer’s work is devoted to creating a link between database and
methods of data evaluation. This link has to talk in the same “language® as the
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II. Main menu options of ELMI

Menu option

Feature

1 trial plots

2 segregating generations
3 crosses

4 archives of trial plots

5 archives of segregating generations

6 special evaluations

7 system survey

8 installation
9 exit to DOS

design and evaluation of replicated lattices and
randomized complete block designs via PLABSTAT

data management and evaluation of segregating
material, design and evaluation of unreplicated
standard trials after Schuster and Lochow (1964)

data management of crosses

evaluation of replicated trials (balanced and
unbalanced data) via PLABSTAT or means, data
compressing

family means and variation of segregating material,
data compressing

on company ‘s request (e.g. evaluation of test crosses
etc.)

create information about the data of trial plots for
fast data retrieval (which experiments are in which
file, or how many data has been taken for experiment
no. x at location no. y)

set up of parameters for company specific hardware

quick exit to dos for one prompt

breeding personnel and shall reflect the known structure of breeding work (e.g.
Schlinggmann, 1994). The menu of ELMI’s helping interface rather reflects the

technical part of the work.

It is separated into the chapters:
— setup of trials and fieldbook
— selection of candidates

— data input (via keybord, interface from a handheld PC, disk, or ASCII-file)
— data output (fieldbooks, lists, labels, to interface or to ASCII-file)

— evaluation of data (link e.g. to ANOVA via PLABSTAT)

— manipulation of traits (add or delete traits, rename, calculate, describe)

— file management (select, copy, rename, describe, backup, restore)

Figs. 2 and 3 show examples of printouts generated by ELMI. Fig. 2 shows a page
of a fieldbook. Even though field data like scores could now be recorded at once in
the field by mobile hand held microcomputers, many breeders still prefer to have a
printed fieldbook. The example shows a lattice of 16 candidates. As an option, the
first replication is printed with larger spacing than the second replication. The candi-
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2. Printout of a fieldbook: candidates of a 5x5 lattice, first and second replication (truncated)

Fieldbook of TI93HP
Triticale Hauptpriifung

Location: Hohebuch
1. replication

page 1

FENR

name (pedigree)

youth
develop

plant
height

sclero-
tinia

mil-
dewl

mil-
dew2

winter
hard

1501-1
1502-1
1503-1
1504-1
1505-1
1506-1
1507-1
1508-1
1509-1
1510-1
1511-1
1512-1
1513-1
1514-1
etc.

Lasko

Lukas

Salvo

Alamo

692/89 Salvo x Cin-13-E1-E2-
692/89 Salvo x Cin-13-E1-E2-
694/89 Salvo x Cin-13-E1-E2-
704/89 Salvo x Cin-13-E1-E2-
714/89 Salvo x 78PN-6655-E2
715/89 Salvo x 78PN-6655-E2
719/89 Wintri x 6TA-876H
28/89 Wintri * Cin-13-E1-E2
35/89 Salvo x Cin-13-E1-E2-E
14/89 LT404 x (274-320PjPol

Fieldbook of TI93HP
Triticale Hauptpriifung

Location: Hohebuch
2. replication

page 2

FENR

name (pedigree)

youth
develop

plant
height

sclero-
tinia

mil
dewl

mil
dew?2

winter
hard

1524-2
1509-2
1504-2
1514-2
1519-2
etc.

701/90 (4/11/87)

714/89 Salvo x 78PN-6655-E2

Alamo

14/89 LT404 x (274-320PjPol
03/22/90 LT696 * 274-320
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g 3. Printout of means of a 5x5 lattice, trials at four locations. The important trait (yield) is given in detail: means over locations (mean abs),
means relative to check varieties (means rel) and LSD 5% score (significantly better + or worse — than check mean) and rank. Additionally
the means relative to checks are given for each location. All other traits are chosen to be given as absolute means over locations. LSD 5% is
only given, when the number of data per trait allows analysis of variance. The lower part shows how many data values have been available
for the evaluation

TI91HP yield dt/ha mean relative yield dt/ha locations winter | ear-
no name (pedigree) abs rel t rank | HB | HH HI oL | hard | emerge

1501 |*Lasko N 77.6 98 12 95 97 97 101 6.2 52
1502 |*Lukas 71.5 90 - 23 90 85 94 95 5.1 52
1503 |*Salvo 78.1 98 8 104 101 . 95 94 3.5 7.3
1504 |*Alamo 90.3 114 + 1 112 116 117 109 0.9 LS
1505 |692/89 Salvo x Cin-13-E1-E2- 75.0 94 17 96 97 89 95 3.6 6.2
1506 |692/89 Salvo x Cin-13-E1-E2- 71.0 89 - 24 89 88 89 91 3.6 5.8
1507 |694/89 Salvo x Cin-13-E1-E2- 74.0 93 - 18 97 91 91 94 2.4 6.3
1508 |704/89 Salvo x Cin-13-E1-E2- 72.2 91 - 22 93 95 85 90 5.1 5.9
1509 |714/89 Salvo x 78PN-6655-E2 73.7 93 - 20 93 98 92 88 5.6 52
1510 |715/89 Salvo x 78PN-6655-E2 75.8 95 15 100 97 94 91 6.3 6.3
1511 |719/89 Wintri x 6TA-876H 68.7 87 - 25 95 77 . 86 91 3.6 5.5
1512 |28/89 Wintri * Cin-13-E1-E2 81.4 103 5 102 107 97 104 1.8 4.2
1513 |35/89 Salvo x Cin-13-E1<£2-E 77.2 97 14 100 104 95 90 1.0 438
1514 | 14/89 LT404 x (274-320P;jPol 81.7 103 4 108 102 101 102 4.4 4.0
1515 |07/89 Pulll18F5479 * Basalt *ff | 81.9 103 3 111 104 100 99 3.6 6.8
1516 |03/09/90 Salvo * Cin-13-E1-E2 | 75.3 95 16 98 93 90 99 3.6 5.8

967-L8T : () 9661 ‘7§ “MRIS € JoUan
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1517 |03/10/90 Salvo * Cin-13-E1-E2 | 78.0 98 104 29 92 929 3.1 4.5
1518 |03/20/90 (Clevix x Okapi) x 111 88.0 111 115 114 104 111 44 4.0
1519 |03/22/90 LT696 * 274-320*Y | 73.9 93 19 88 100 89 96 3.7 6.8
1520 | TIW 66 (5/14/87) 80.5 101 6 102 101 97 107 1.8 6.7
1521 | TIW 83 (5/19/87) HO 502-504/ | 77.7 98 11 103 102 89 97 44 6.5
1522 |602/90 (1/04/86) 77.5 98 13 96 105 87 102 44 7.0
1523 |603/90 (1/04/86) 72.3 91 21 97 88 87 94 3.7 6.5
1524 |701/90 (4/11/87) 77.8 98 10 104 100 92 97 5.7 4.3
1525 |702/90 (4/11/87) 79.6 100 7 105 107 86 104 3.7 6.5
mean across locations 77.2 97 100 99 93 98 3.8 5.6
mean across check vareties (*) 79.4 100 69 62 81 76 39 4.8
LSD 5 over locations 52 7 11 7 0 9 0 0
data taken at: amount of data
1 HB Hohebuch 75 75 75
4 HI Hildesheim 75 0 25
6 HH Hohenheim 50 0 0
7 OL ObererLindenhof 75 0 0

967-L8T : (¥) 9661 ‘7§ "I9S € J0UD
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dates can be printed in the same order as they are planted on the field. Fig. 3 shows a
table of means as a result of evaluating a trial of four locations via PLABSTAT. On
the operator’s request only means can be printed. Additionally, the original values or
the analysis of variance, stability parameters, and coefficients of correlations betwe-
en traits are given.

First steps have been taken to integrate methods for evaluating statistical parame-
ters like general and specific combining ability of topcrosses, diallels etc., or for the
evaluation of the candidate’s performance during all the years of varietal develop-
ment. More work needs to be done in the field of choice of parents by integrating not
only the known programmes (e.g. Pe$Sek, 1983), but also other modern methods of
data evaluation for separating parents e.g. based on RFLP and cluster analysis.

All these efforts of programming are undertaken since we are aware of the fact that
the most expensive and valuable part of breeding work is data. ELMI is designed
to use even more efficiently the large capital of data in plant breeding. Up to now,
ELMI is used by some German and one Czech breeding company, including their
different international breeding stations. ELMI can talk German and English.
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ELMI - informacni systém

Modemi $lechténi odriid se musi zamé&fovat na mnoho vlastnosti diileZitych pro
rostliny. Musi byt zohlediiovany nejen vynosové parametry, ale i viechny druhy dat
vztahujicich se k odolnosti k chorobam nebo ke kvalité. Velké mnoZstvi dat vztahuji-
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cich se ke kazdé potencidlni odridé& nuti Slechtitelské firmy vyuZivat po&itatové tech-
niky ke zpracovani dat. Vedle rostlinného materialu jsou dnes data nejcenné&j$imi ob-
Jjekty Slechtitelské lirmy. Proto byl vytvofen systém ELMI, informaéni systém pro
Slechténi rostlin, jimZ se ma docilit zvy3eni efektivity ziskavani dat, jejich manage-
mentu a vyhodnocovani.

informa¢ni systém; management dat; databanka; metody vyhodnocovani; $lechténi
rostin
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Dr. Sigrid Weissmann, Dres E. & S. Weissmann, Schloss-Strafle 12,
D-78224 Singen, Deutschland, tel.: + 49 7731 93 400, fax: + 49 7731 934 019,
e-mail: weissman@bioplan.biz.sedat.de
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REVIEWS

GERMPLASM IN SUNFLOWER BREEDING
IN THE NEXT TEN YEARS

Dragan SKORIC

Institute of Field and Vegetable Crops, Novi Sad, Yugoslavia

Sunflower (Helianthus annuus L.) is one of the most important crop plants to
have been domesticated in what is now the United States. Wild sunflower was an
important food source to seed gatherers in western North America, and was appa-
rently carried as a weed to the central U.S.A., where it became domesticated some-
time before 3 000 BC. Native Americans esteemed the sunflower seeds as food and
a source of oil, but also found many other uses for the plant (Seiler, 1992).

The domesticated sunflower has narrow genetic variability, especially with
respect to important agronomic characters. Diseases are a limiting factor in the pro-
duction in most sunflower-growing countries. Different diseases prevail in different
regions because of various agroecological conditions. Cultivated sunflower is defi-
cient in resistance genes, but sources of resistance have been sought and found in
wild species. Some of these have rendered genes of resistance to Plasmopara he-
lianthi, Puccinia helianthi, Verticillium alboatrum, Verticillium dahliae and Oro-
banche cumana. Still, there remains a large number of diseases for which sources
for resistance have yet to be found (Skorié, 1988).

Of all field crops, sunflower has the highest number of wild relatives. The genus
Helianthus is composed of 49 species and 19 subspecies with 12 annual and 37 pe-
rennial species. These diverse species represent considerable genetic variability
which can be utilized for the improvement of cultivated sunflower (Seiler, 1992).

Significant results have been achieved using wild species in sunflower breeding
programs, especially regarding disease and pest resistance. Another significant
contribution of wild species has been in the discovery of cytoplasmic male sterility
(CMS) sources and restorer (Rf) genes by interspecific hybridization, which has
enabled the manifestation of heterosis by hybrids (Skorié¢, 1993).
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Germplasm in sunflower breeding

The existing genetic variability of cultivated sunflower enables the development of
hybrids with a genetic seed yield potential of as much as 7 tha. Unfortunately, large-
scale production gives yields which are most often not higher than 2 to 3 t/ha. Yields
higher than 3 t/ha are much less frequent than those lower than 2 t/ha. There are
various reasons that the genetic potential of sunflower is so underexploited, but most
often they are high susceptibility of hybrids to diseases, insects and stress (drought) as
well as inadequate application of technological measures in the production.

This raises the question of how to realize the full genetic potential of this crop.
Certainly, this cannot be done by simple means and quickly. Disease and insect re-
sistance should be improved first, which is a complex and long-term task. At the
same time an effort should be made to improve other agronomic traits, such as
drought resistance and attractiveness to pollinators, as well as to increase self-ferti-
lity and fully optimize the utilization of soil nutrients. All this requires a certain
level of genetic variability, 1.e. germplasm, in the sunflower. The limitations of the
cultivated sunflower’s genetic variability can be overcome in a variety of ways, but
primarily through interspecific hybridization with wild species.

A prerequisite for increasing this variability is a germplasm collection comprised
of diverse cultivated and wild sunflower genotypes. Since the cultivated sunflower
originated in North America, it is natural that the greatest genetic variability exists
there, especially in the wild relatives. The National Plant Germplasm Plant Intro-
duction Station at Ames, Iowa, has the worlds largest collection of wild sunflower
species as well as of cultivated sunflower genotypes. According to Seiler (1992),
the collection now contains over 2 000 accessions. The active collection contains
approximately 1 000 annual and 500 perennial accessions. Since 1976, 4 200
accessions of wild sunflower have been distributed to 30 different countries, and
have become the basis of several wild species collections throughout the world.

The worlds second largest collection of wild species is undoubtedly at our Insti-
tute. To collect wild sunflower species, our experts have participated in a number of
explorations across the U.S.A., which were financed by the International Board for
Plant Genetic Resources (IBPGR), European Cooperative Program for Genetic Re-
sources (ECP/GR). In addition, our Institute has a collection of over 5 000 inbred
lines from various sources.

In North America, there is a plenty of wild populations yet to be collected — some-
thing to be done in the years to come. In addition to collecting wild sunflower spe-
cies, great attention should be paid also to their maintainance and study.
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Using interspecific hybridization to increase genetic variability
of cultivated sunflower

Wild Helianthus species constitute the basic genetic stock from which the culti-
vated sunflower originated. They have contributed specific characteristics for
sunflower improvement (Seiler, 1992). Knowledge of a particular habitat and
adaptation of the species often help to identify potential sources of desirable genes
for specific traits.

The correct choice of wild species is very important when increasing the genetic
variability of cultivated sunflower by means of interspecific hybridization. In ma-
king this choice, the habitat of a wild species should be considered foremost.
According to Seiler (1992), genetic diversity in the genus Helianthus is reflected
by habitat diversity among the species. Thus, he argues, dry, sandy soils are inhabi-
ted by such species as H. anomalus, H. deserticola, H. neglectus and H. niveus,
while very moist ones are the habitat of H. angustifolius, H. agrestis, H. californi-
cus, H. giganteus, H. nuttallii ssp. nuttallii, H. paradoxus and H. tuberosus. Deep
woods are the habitat of H. decapetalus, and prairies of H. maximiliani, H. grosse-
serratus and H. pauciflorus ssp. subrhomboideus. Some species inhabit moist,
heavy and very saline soils. H. paradoxus has a high tolerance to salt and a great
potential as a source of genes for salt tolerance in cultivated sunflower.

In addition to habitat, another important characteristic in choosing the right wild
species for interspecific hybridization is their tolerance or resistance to diseases and
insects.

The utilization of wild species in breeding is a long and complex process.
Interspecific hybridization is often hampered by different numbers of chromosomes
(in addition to diploid species there are also tetraploid and hexaploid ones) and
incompatibility with cultivated species. Abortion of the hybrid embryo is a further
mechanism that prevents hybridization of perennials. Chandler and Beard
(1983) successfully made 53 interspecific Helianthus combinations using an
embryo culture system. a number of other authors have also managed to overcome
abortion in F; generations of interspecific hybrids by using the embryo culture
system.

Another problem in interspecific hybridization is insufficient knowledge of the
genome character of the genus Helianthus, since genes responsible for desirable
characters and traits can in the process of hybridization be lost. Interspecific
hybridization introduces into the cultivated form not only desirable but also ne-
gative traits, especially in the case of trait linkage.

Yet another problem is presented by seed dormancy in wild species and interspe-
cific hybrids. Moreover, utilization of many species is limited by poor crossability
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and the high degree of F1 sterility in interspecific hybrids. Chromosome doubling
of interspecific hybrids is generally effective in improving fertility when sterility is
associated with meiotic abnormalities in sunflower (Jan et al., 1983).

All of these problems, as well as a number of others, sufficiently illustrate the
complexity accompanying the use of wild sunflower species. Still, numerous
interspecific hybrids between wild species and cultivated sunflower genotypes have
been created by means of conventional crossing methods as well as biotechnologi-
cal ones. In future, as many crosses as possible should be made through conventio-
nal crossing methods in order to develop a range of interspecific hybrids. It should
be stressed that this is one of the best approaches to increasing and widening of the
germplasm of this oil crop. Another way that can be advised is intergeneric hybridi-
zation.

Breeding for disease and insect resistance

Sunflower breeding around the world has made significant progress in producing
new high-yielding sunflower hybrids resistant to different major diseases, resulting
in an increase on a permanent basis of the areas and yields of this important oil crop.
In order to be more stable, new sunflower genotypes should incorporate new genes
for resistance to a number of pathogens and other forms of stress, such as drought
(Skorié, 1995).

Diseases are a limiting factor in the production in the majority of sunflower-gro-
wing countries. Different diseases prevail in different regions because of various
agroecological conditions. Cultivated sunflower has a narrow genetic base and is
deficient in resistance genes. So far, sources of resistance have been sought and
found in wild sunflowers. Certain wild species have rendered genes of resistance to
Puccinia helianthi, Plasmopara helianthi, Verticillium dahlia, Phomopsis/Dia-
porthe helianthi, Erysiphe cichoracearum and Orobanche cumana. There is still a
large number of diseases for which resistance sources remain to be found. Among
these, the most important are Sclerotinia sclerotiorum, Macrophomina phaseolina,
Phoma macdonaldi, Alternaria helianthi, Botryis cinerea, Rhizophus spp., etc.
(Skori¢, 1988). Wild Helianthus species constitute the basic genetic stock from
which the cultivated sunflower originated. The diverse species are adapted to a
wide range of habitats and possess considerable variability for most economic and
agronomic characteristics, disease and insect resistance and seed quality factors
(Seiler, 1992).

Thus, the genetic variability of the cultivated sunflower can be increased by
crossing it with numerous wild Helianthus species as potential sources of genes for
disease resistance. Breeding for resistance is the most economical and effective way
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to control diseases (Seiler, 1991). To accomplish that, breeders should include all
available wild species in their programs of breeding for resistance to pathogens.

However, the occurrence of new races in some pathogens requires permanent
breeding efforts on enriching the sunflower germplasm through wild species, as in
the example of downy mildew. For many years, breeders needed resistance to race
1 in Europe and race 2 of downy mildew in North America (Miller, 1992).
Vranceanu et al. (1978) reported a new race in Romania. In North America,
rapid changes have occured since 1980 with the occurrence of new races. Races 3,
4, 6 and 7 were discovered and are now prevalent in North America (Gulyua et
al., 1991). The existence of new races 3, 4 and 6 in Europe was stated by Gulyua
et al. (1991) and Tourvielle et al. (1988), while Gulyua et al. (1991) found
races 3 and 7 in Argentina. Miller (1992) concludes that sources of resistance to
all downy mildew races have been discovered, the genetics of inheritance of the
resistance determined and the genes incorporated into commercial lines. This is a
perfect example of good utilization of wild species in increasing the variability of
cultivated sunflower germplasm.

Similarly, wild sunflowers are effectively used in breeding for resistance to Oro-
banche cumana which frequently develops new races (Skorié, 1988).

According to Skorié (1988), there are no genes for resistance to Sclerotinia
sclerotiorum in the genus Helianthus. It is still uncertain whether the current level
of ’genetic engineering’ (gene transfer) will enable the detection of genes for re-
sistance to Sclerotinia in a monocotyledonous plant and incorporate them into culti-
vated sunflower. The answer will perhaps be found in the following period.

Certain insects present a great problem in sunflower production in North Ameri-
ca as well as some regions of South America, Africa, Asia and Australia. The grea-
test success in breeding for resistance to insects has been the discovery of
genotypes that have a phytomelanin layer in the husk providing resistance to the
sunflower moth (Homeosoma nebullella and Homeosoma electellum). Researchers
in the U.S.A. have extensively studied wild sunflower species in terms of resistance
to certain insects. Their results have been more modest than those of research aimed
at resistance to diseases. Instead of being unduly pessimistic, however, we should
bear in mind that “host resistance in cultivated sunflower via incorporation of
germplasm from wild Helianthus offers a tremendous potential for long-lasting eco-
nomical management of several insect pests. For the short term, knowledge of the
bionomics of pests on native Helianthus hosts will promote ecologically sound stra-
tegies which could be developed for management of insects on cultivated sunflo-
wer“ (Rogers, 1988).

Successfull application of the new methods of *biotechnology’ can contribute to
overcoming the problems of a narrow genetic base, and at the same time accelerate
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the breeding process. These methods are also significant for avoiding or alleviating
the numerous problems that can occur in interspecific hybridization. Various techni-
ques, such as embryo culture (’embryo rescue’), meristem culture, anther and
microspore culture, protoplast culture and cell fusion, and molecular techniques
including gene transfer should be applied (Friedt, 1992).

Oil and seed quality

Sunflower oil ranks among the best oils of plant origin. The food industry de-
mands fats and oils with more specific fatty acid compositions. Consequently, there
is an increasing interest in producing modifications in the oil composition to offer
the food and non-food industry oils for specific purposes (Friedt, 1994).

The most extensive studies of the variability of wild sunflower and possibilities
of its utilization in changing the quality of both seed and oil in sunflower have been
done by Seiler (1992). He showed that the wild species can significantly contri-
bute to those changes.

In this field the best results on a world scale have been achieved by induced
mutations. Soldatov (1976) made a particularly significant contribution to a
change of oleic acid (C,3.1) composition, and developed a high oleic genotype by
means of induced mutation in the variety Pervenets. It served as the source for pro-
ducing lines that, by virtue of hybrids, had a high oleic acid content in the oil.

Induced mutations also produced hybrids with a high palmitic (Cy6.¢), stearic
(Ci3:0) and palmitoleic (C;6.1) acid content. Genotypes thus produced enable
further manipulation of the fatty acid composition of sunflower oil composition as
well as the process of getting new germplasm in terms of oil quality.

The manipulation of oil quality on an even larger scale, this time of the type of
tocopherol, was made possible through the development of isogenic lines (LG-15,
LG-17 and LG-24) by Demurin (1993). It is known that standard sunflower oil
contains predominantly type a tocopherol. The isogenic line LG-15 contains gene
tphl, which causes sunflower oil to have equal contents of o and o tocopherols.
Line LG-17 contains gene fph2, with which p tocopherol predominates, while in
line LG-24 the genes tphl tph2 secure the following tocopherol composition: 8% o,
84% p and 8% o.

The combined effect of Ol genes and the genes tphl, tph2 and tphl tph2 increa-
ses the stability of sunflower oil by as much as 16 times in comparison to its
standard form, allowing its use to be significantly widened. It is very likely that the
next ten years will see a significant enrichment of sunflower germplasm based on
those genes, and a consequent development of hybrids with various oil quality.
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The existing genetic variability of wild and cultivated sunflower permits the ma-
nipulation of other seed and oil characteristics as well. New germ-plasm will be
developed on the basis of market demand and the genetic potentials of sunflower
and its wild relatives.

Utilization of wild species in changing the idiotype of cultivated sunflower

The variability existing within the cultivated form of sunflower enables the deve-
lopment of inbred lines with an insufficiently high heterosis effect on seed yields.
An increase in the productivity of future hybrids can only be brought about by an
increase in the genetic variability of cultivated sunflower based on wild species of
the genus Helianthus (Skori¢, 1989; Seiler, 1992).

The change of sunflower germplasm should not be focussed solely on seed pro-
ductivity, but one of its objectives should also be the incorporation of genes from
wild species that would allow the use of other plant organs for commercial purposes
(Seiler, 1992), including the use of the sunflower head for pectines, forage, and
fuel, the use of the stem for silage (green stems), fuel, and as raw materials for the
production of gum, and the use of the leaves for forage and various phyto-pharma-
ceutical preparations.

One of the primary goals of sunflower breeders should be a change in the archi-
tecture of the photosynthetic apparatus. The change should be directed toward
shortening the period which precedes the formation of the maximum leaf area of
parental lines, as well as their hybrids. Furthermore, green leaf area duration (LAD)
should be prolonged and the efficiency of NAR increased. The number and disposi-
tion of leaves on the stem should be modified so as to provide maximum exploita-
tion of CO; from the air and as much aeration as possible. These changes of the
photosynthetic apparatus should exploit the high genetic variability existing within
wild species, as shown by the diverse photosynthetic apparatuses of H. mollis, H.
argophylus, H. salicifolius, H. radula, H. maximiliani and other species. This
illustrates how extensive the genetic possibilities for the manipulation of leaf
number, form, activity and other traits are (S kori¢, 1989).

There has been a rapid expansion of sunflower in the dry regions of the world,
but the cultivated sunflower form used does not always provide an economically
justified production. Wild sunflower species existing in extreme drought conditions
provide a basis for an increase in drought resistance of cultivated sunflower.
Drought resistance is complex in nature; it includes resistance to arid soil and dry
air, a more efficient root system, early maturity, resistance to Sclerotinia bataticola
(M. phaseoli), as well as better utilization of soil water and more efficient use of soil
nutrients. '
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The use of wild species in breeding programs has been well under way in the
world for some time now. Serieys (1980) suggests H. argophyllus in breeding for
drought resistance because of its “leathery” leaves covered with numerous hairs.
Another species recommended for drought resistance is H. deserticola with its deep
and powerful root system. France, Spain, the U.S.A., Romania and Italy are the
countries with the most extensive use of wild species in breeding for drought re-
sistance.

The expansion of cultivated sunflower will also include more saline soils. An
increase in resistance to the high pH value of such soils can again be brought about
through wild species. Current research in the U.S.A. seems to suggest that the most
resistant species to high salinity is H. paradoxus, but this should not preclude
investigations of other species (Seiler, 1992).

Sunflower is known to be a particularly open-pollinated species. The success of
its cultivation under stress conditions depends largely on self-fertility, the level of
which can be greatly increased via wild species. The findings of Heiser et al.
(1969) and other authors suggest to use H. agrestis, H. radula and some other spe-
cies.

Conclusions

The existing genetic divergence of cultivated sunflower enables the development
of hybrids with a genetic seed yield potential of as much as 7 t/ha. Unfortunately,
large-scale production renders yields which are most often not higher than 2 to
3 t/ha, the reason being a deficiency in genes for disease, insect and stress (drought)
resistance. The richness of wild species in the genus Helianthus enables germplasm
of the cultivated sunflower to be enriched by means of interspecific hybridization.
The difficulties associated with this process can be surmounted by means of modern
biotechnological methods.

Wild species should also be used to change the idiotype of cultivated sunflower
and to increase the level of commercial exploitation of all plant organs.

Induced mutations should be used for increasing the genetic variability of the
parameters of oil and protein quality as well as other seed traits.
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Genofond ve Sléchténi sluneénice v priStich deseti letech

Jedna ze Ctyf vyznamnych olejnin na svét&, slunecnice (Helianthus annuus L.), je
v Jugoslavii hlavni olejninou. Jeji geneticka variabilita je pomémé nizka zejména
s ohledem na geny pro odolnost k chorobam. Pomoci mezidruhové hybridizace s pla-
né rostoucimi druhy do$lo k ur¢itému zvySeni jeji divergence. Rod Helianthus se
sklada ze 46 druht (37 vytrvalych a 12 jednoletych) a z 19 poddruhii. Pro rod Heli-
anthus je typicka zna¢na variabilita uvnitf kaZdého druhu a poddruhu. Tato variabilita
nabizi perspektivy pro zvy3eni genetické variability kulturni slune¢nice v pfistich de-
seti letech. Mezidruhovou hybridizaci v3ak ¢asto brzdi polyploidie plan& rostoucich
druhit (2., 4n, 6n) a inkompatibilita. Tuto potiz 1ze pfekonat pouZitim novych bio-
technologickych metod. Usili zaméfené na zvy3eni genetické variability slune&nice
prostiednictvim plané rostoucich druhti bude mit za cil zvy3eni kvality oleje, odol-
nosti proti chorobam, $kiidctim a stresu (zpiisobenému vétSinou suchem), pficemz
dojde k vyuziti mezirodové i mezidruhové hybridizace. Souc¢asna sbirka naSeho usta-
vu obsahuje vice nez 5 000 inbrednich linii a 1 000 populaci plan& rostoucich druhii
a je zarukou tspéchu Slechténi slune¢nice v pristich deseti letech.

slune¢nice; genofond; plané rostouci druhy; mezidruhova hybridizace; geneticka
divergence

Contact address:

Prof. Dr. Dragan Skorié, Institute of Field and Vegetable Crops,
Maksima Gorkog 30, 21 000 Novi Sad, Yugoslavia,
tel.: + 3812141 18 88, fax:+ 381 2141 38 33
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ZIVOTNIi JUBILEA

70 let Ing. Miroslava Majora, CSc.

V letosnim roce dosahl vyznaéného Zivotniho
jubilea — 70 let — jeden z naSich velmi uspésnych
Slechtiteltt brambor, Ing. Miroslav Major, CSc.,
Slechtitel zndmy a uznavany nejen v Ceské re-
publice, ale i v zahrani¢i.

Narodil se 31. bfezna 1926 v Hormim Prysku
na Dé&Cinsku. Je absolventem Zemédélského in-
stitutu — oddéleni Slechténi v Odése v byvalém
SSSR (1950-1955). V roce 1964 ziskal védec-
kou hodnost kandidata véd.

V roce 1955, po ukoncéeni vysokoskolského
studia, nastoupil do Slechtitelské stanice Vyklan-
tice u Pacova, nalezejici v t¢ dobé Vyzkumnému
tstavu bramborafskému v Havli¢kove Brodé (od roku 1956 Slechtitelskému a se-
menafskému podniku v Havlickoveé Brodé a po izemni reorganizaci v roce 1960
Slechtitelskému a semenafskému podniku v Tdbote), kde pracoval nejprve jako
Slechtitel a od roku 1958 jako vedouci Slechtitel. V roce 1968, po pfevodu novo-
Slechténi brambor z Vyklantic do Slechtitelské stanice Hradek u Pacova (naleze-
jici v té dob& rovnéz k SSP Tébor), piesel jako vedouci $lechtitel na tuto stanici.
Po zacClenéni Slechtitelské stanice Hradek ke stanici Pacov (v roce 1973) zodpo-
vidal i za udrZovaci $lechténi brambor na stanici Pacov.

Diky svému Sirokému odbomému rozhledu v oblasti Slechtitelskych metod a or-
ganizaénim schopnostem vytvofil na stanici Hradek modemi $lechtitelské pracovisté,
které ve své praci vyuzivalo nejnovéjsich poznatki Slechtitelského bramboraiského
vyzkumu jak naseho, tak i zahrani¢niho. V tom mu byly ndpomocny jak uzké kon-
takty s pracovniky Vyzkumného ustavu bramboraiského v Havlickové Brodé, tak
1 ¢etné studijni cesty do obdobnych zahrani¢nich ustavii a Slechtitelskych stanic
(zejména v byvalé NDR a v byvalém SSSR, v Polsku, ale i v jinych zemich). To vie
ve spojeni s velmi dobrymi pidnimi a povétrnostnimi podminkami stanice (jakoz
i celého Pacovska s nadmoiskou vyskou 550-650 m) se promitlo v uisp&snosti jeho
préace. Nutno vak poznamenat, Z¢ vyzna¢nou pomocnici v jeho praci mu byla man-
Zelka Ing. BlaZzena Majorova, ktera — rovnéz slechtitelka brambor — mu byla cennou
spolupracovnici ve Slechténi brambor (zabyvala se tvorbou vychozich materiali
a laboratornimi testy ), jemuZ se vénoval aZ do odchodu do diichodu v roce 1987.
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Ing. Miroslav Major, CSc., je hlavnim 3lechtitelem (pfip. spoluslechtitelem)
17 odriid brambor: Doubrava (povolena v roce 1958), Orlik (1962), Jizera (1963),
Kamyk (1974), Otava (1981), Svatava (1983), Oreb (1983), Zvikov (1984), Sarka
(1985), Lukava (1988), Zlata (1989), Tara (1994), Amylex (1994), Tegal (1995),
Ornella (1995), Pacov (1995) a Tabor (1996). Jedna se o odriidy riznych uZitko-
vych sméri — odriidy konzumni i vysoce 3krobnaté odriidy priimyslové, ale i odrii-
dy vhodné pro potravinaiské vyrobky. VetSina z nich vykazuje vysokou odolnost
proti obecné strupovitosti, dobrou odolnost proti plisni bramborové, virim brambor
a proti mechanickému poskozeni. Napf. odriida Jizera vykazovala mimofdadn& vyso-
kou rezistenci proti virim, odriida Tegal nalezi vzhledem ke své ranosti a vysoké
Skrobnatosti mezi Spi¢kové odriidy primyslové, stejné jako odriida Amylex
svou vysokou stabilni Skrobnatosti a kvalitou (velikosti) skrobovych zm. Odridy
Lukava, Tara, Tegal, Pacov a Tabor vykazuji rezistenci proti had'atku bramborovém
- patotypu Ro 1, odriida Tegal déle rezistenci proti 6 patotypiim rakoviny brambor
(patotypy D1, P2, N1, M2, V1, S3).

Obdobné jako odriidy priimyslové, vykazuji vysokou kvalitu i odriidy konzumni.
Dilkazem toho je, Ze &tyfi odriidy byly na vystavé Zemé Zivitelka v Ceskych Budé-
jovicich ocenény Zlatym klasem: konzumni odriidy Svatava (1983), Sarka (1985),
Lukava (1988) a priumyslovéd odritda Cornella (1995). Za nejzavazngjsi uspéch
mnohaleté Slechtitelské prace Ing. M. Majora je nutné vyzvednout zvy3eni $krobna-
tosti u primyslovych odriid hradeckého $lechténi o 1,5-2,0 % proti standardu.

Ing. M. Major, CSc., pracoval téZ vyzkumné, zejména v oblasti $krobnatosti
brambor, a vysledky dosaZené v této oblasti vyuZil predevsim ve své vlastni Slech-
titelské praci, ale i ke zpracovani své kandidatské disertaéni prace na téma Skrobna-
tost brambor (1963) a ideotypu primyslové odritdy brambor (1978). Déle je
publikoval v nékolika védeckych a odborné popularnich pracich a ptednesl na né-
kolika konferencich. Podilel se také na zpracovéani odriidové agrotechniky péti od-
rid brambor: Blanik (1977), Svatava (1987), Sarka (1987), Oreb (1985) a Zvikov
(1987). Pro potiebu Slechtitelské stanice Hradek zpracoval Analyzu soucasného sta-
vu a vyhledové programy ve Slechténi brambor (1980), jeZ se stala programem pro
dalsi Slechtitelskou préci stanice.

Vyzkumny astav bramboréisky v Havlitkové Brodé vyuzival odbornych znalosti
Ing. Majora k oponovani zavéreénych zprav a metodik kol s geneticko-3lechtitel-
skou problematikou, zafazovanych do planu vyzkumu ustavu.

Ing. Major byl t¢éZ ¢lenem védecké rady Vyzkumného ustavu bramborafského
v Havlickové Brodeé (1976-1987) a &lenem 3lechtitelské rady pro brambory
(1977-1987), v letech 1984-1987 byl jejim piedsedou
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Za velmi aspé&3nou praci obdrZel fadu uznéni a vyznamenani. Tak napf. obdrZel
estné uznani CSAZ Za zésluhy o wisp&$nou realizaci vysledkii vyzkumu (1981),
statni vyznamenéni Za vynikajici praci (1984) a fadu riznych podnikovych uznéni.

Vysoce ocefiujeme svédomitou praci Ing. Miroslava Majora, CSc., ktera byla za-
vriena tolika cennymi odriidami brambor, praci, kterou vykonal pro nase brambo-
rafstvi. A do dalsich let mu pfejeme mnoho zdravi a zaslouZeného diichodcovského
odpoéinku.

Ing. JosefZadina, CSc.
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Z VEDECKEHO ZIVOTA

5. mezindrodni konference o pSenici
10.-14. ¢ervna 1996, Ankara, Turecko

Konference byla pofadana ke 30. vyro¢i ¢innosti CIMMYT (International Maize
and Wheat Improvement Centre) a k 25 letiun jeho usp&3né pomoci tureckému zemé-
deélstvi. Zasedani se ucastnilo 350 odborniki z celého svéta.

Hlavnimi naméty prednesenych referati byly perspektivy Slechténi p3enice v 21.
stoleti i jeho soucasny stav, metody a cile. Z vyzkumnych programil byly prezentové-
ny poznatky z genetiky, fyziologie, jakosti, fytopatologie pSenice aj. SloZeni referu-
jicich umoznilo ucastnikium ziskat prehled o stavu Slechténi, vyzkumu i p&stovani
p3enice z cel¢ho svéta, od Austrilie pfes Ameriku, Evropu aZ po Asii. Prof. W. E.
Kronstadt (Oregon State University, USA) uvedl, Ze v roce 1994 tvofila produkce
obilovin svymi 1 950 mil. tun 42 % zemé&dElské produkce, pSenice se vyrobilo
528 mil. tun (11,6 %), kukufice 570 mil. tun (12,4 %). Nejvétsim svétovym produ-
centem pSenice je Cina, kde je pSenici oseto kolem 35 mil. hektari (vyroba 100 mil.
tun). Na druhém mist& je Kanada s roéni produkci 27 mil. tun. Slechténim a zlepsenou
péstebni technologii se vynosy pSenice zvysily za poslednich 50 let o 136 % a pro-
dukce p3enice vzroste v kaZzdém desetileti o 100 mil. tun.

Prof. R. G. Sears (Kansas University, USA) se zamé&fil na metody $lechténi. Zda-
raznil velky vliv osobnosti $lechtitele a jeho diikladné znalosti materidlu v polnich
podminkach. Doporugil tfi stupné Slechtitelského postupu: 1. kiiZit na jakost, 2. vy-
birat na odolnost k chorobéam, 3. testovat na vynos a jakost. Za zakladni potfebu pro
dal3i rozvoj Slechténi oznac€il zachovani moZnosti volné vymény odriid a zdrojil.

Celkovy pohled R. Brunse (AGRIPRO Seeds Inc., USA) na perspektivy hybridni
pSenice nebyl piili§ optimisticky. Pres pritkazné zvySeni vynosu hybridnich odriid
proti odriidam klasickym (aZ o 13,8 %; nejéast&ji kolem 11 %) neni jejich p&stovani
diky vysokym ndkladiim na vyrobu osiva rentabilni. Podal v3ak diikazy o tom, Ze
v oblasti USA Great Plains najde hybridni pSenice své uplatnéni na vétSich plochach
vzhledem k vyrazné vy3ssi vykonnosti a stabilit€ vynosu v porovnani s liniovym ma-
teridlem.

Dr. R. McIntosh (University of Sydney, Austrélie) mél kliCovy referét ke Slech-
t&ni na rezistenci k chorobam. Biotické stresy vyvolava zhruba 20 nejduleZit&jsich
chorob a Skidcti. Poukdazal na vyznam zdrojit rezistence, které 1ze ziskat v ramci dru-
hu, rekombinacemi z ptibuznych druhii nebo pomoci genetického inZenyrstvi z druhii
vzdalenych. Selekci je mozné vést ptimo pomoci screeningu nebo nepfimo vyuziva-
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nim vazby s markerovacimi znaky. Zdiraznil potfebu stanoveni tolerovatelné hranice
napadeni chorobami, protoZe Slechténi na tplnou rezistenci neni nutné ani uéelné
(zvy3uje navic selekéni tlak na populaci patogena, vedouci k rozsifeni virulence).

Dr.R. Singh (CIMMYT, Mexiko) pfednesl vysledky vyzkumu, ve kterém srov-
néval G¢innost 4 odlisnych Slechtitelskych postupil u psenice s cilem zvysit kvantita-
tivni odolnost ke rzi pSeniéné (Puccinia recondita tritici): 1. klasicky rodokmenovy
postup (pedigree) se zahdjenim selekce rostlin od F; generace; 2. neselektovany ram$
(bulk) s pfesevy bez vybéru aZ do generace F4 a vybéry rostlin od generace Fs; 3. mo-
difikovany ram$ (hromadny vybér rostlin v Fz , pfesevy ram3e v F3, F4, vybér rostlin
vFs); 4. selektovany ram$ - vybér rostlin a jejich piesevy ve smési (hromadny vybér)
v kaZdé generaci od F; do F4, od Fs rodokmenovy postup.

V zasad& se prokazal minimdlni vliv vybrané¢ho $lechtitelského postupu. Nejvy3si
selekeni zisk byl u klasické metody pedigree, ale tento postup byl nejnakladn&;si.
Z ekonomického pohledu byl nejptizniveéjsi selektovany rams, neboli hromadny vy-
bér. Za nejkriti¢tdjsi bod usp&chu ve Slechténi oznadil Dr. Singh vybér vhodnych ro-
di¢ovskych odrid.

V sekci zamé&fené na Slechténi pSenice na odolnost k abiotickym stresiun se v ivod-
nim referatu Dr. A. Blum (ARO Bel Dagan, Izrael) zamé&fil na optimalizaci nalévani
zma za stresovych podminek. Vedle dosaZeni delSiho trvani listové plochy (LAD) ma
v tomto sméru kli¢ovy vyznam Slechténi na optimalni vyuZiti rezerv ze stonku.
V CIMMYT Mexiko (S. Rajaram) je testovéan liniovy materidl na odolnost k ¢as-
nému, pozdnimu a kontinudlnimu suchu. S ohledem na zminéné riizné typy stresu ze
sucha jsou dileZitymi ukazateli vysoka rychlost riistu a produkce biomasy, osmoticka
pfizpusobivost, vodivost priduchi a teplota listii v porostu. Dr. L. A. Hunt (Univer-
sity of Guelph, Kanada) uvedl pfednosti vytvofeného dynamického simulaéniho mo-
delu predikce vyvoje porostu v zdvislosti na prib&hu pocasi (software package
DSSAT 3). Dr. E. El. Bassam (FRC Braunschweig, SRN) pfedstavil koncept $lech-
t&ni odriid pro sniZené vstupy. Ukézal, Ze modemni némecké odriidy se vyznacuji vy3si
efektivitou v pfijmu Zivin, pfi¢emZ existuji odriidové rozdily (nejlepsi vysledky u od-
ridy Hermes).

Dr. W. Bushuk (University of Manitoba, Canada) shmul vyznam i Slechtitelské
perspektivy z hlediska kone&ného vyuZiti pSenice — tj. jeji jakosti. V lidské vyZivé je
kryta energetické potfeba z 20 % pSenici. PSenice obecna (Triticum aestivum L.) se
péstuje na 95 % ploch ve svét&, Triticum durum L. na 4 % a ostatni druhy (v¢etné
napf. $paldy) na 1 % ploch. Pekafskou jakost ovliviiuje zejména obsah a jakost pro-
teinll. Zdiraznil zavislost obsahu proteinti na vlivu prostedi a teprve aZ na druhém
mist& na genotypu, tj. odriidé. U jakosti proteini je tento vztah obraceny. Rozhoduje
odriida (jakost bilkovin je geneticky podminénd) a v men3i mife je jakost bilkovin
ovlivilovéna prostfedim. Poukazal i na odlisné poZadavky na odriidy z hlediska jejich
vyuZiti a na vyznamné korelace gluteninovych podjednotek k pekafské jakosti.
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Dr. B. Borghi (ISC S. Angelo Lodigiano, Itilie) ve své studii k jakosti pSenice
uvedl své vyzkumy, podle nichZ ma negativni vliv na pekafskou jakost dlouhodob&;si
plsobeni (nad 80 hodin) vysokych teplot (nad 30 °C) v obdobi dozravani. Jakost
odrid déli do tfi kategorii (zlep3ujici, pekafské a ostatni). Tridu jakosti miiZze potvrdit
pouze komplex: rozbor bilkovin a pekaisky pokus.

Dr.J. W.Snape (JIC Norwich, Anglie) pojednal o pfinosu novych biotechnologii
Slechténi. Z technik dihaploidizace jmenoval na prvnim mist& metodu kiiZeni p$enice
s kukufici a dale vyuzZivani pylové embryogeneze. Velky pokrok slibuje vyvoj gene-
tické mapy u p3enice s vyuzitim molekularnich technik spolu s komparativnimi stu-
diemi genomi. V genovém inZenyrstvi jsou nejvice vyuZivany biolistické metody.

V sekci vénované genetickym zdrojiim p3enice zdiraznil Dr. A. F. MereZko
(VIR, St. Petersburg, Rusko) vyznam genetickych zdroji pro $lechténi pSenice. Pt
Slechténi rostlin hleda Slechtitel optimalné piijatelny kompromis mezi pozadavky ¢lo-
v&ka, genotypy dané plodiny a prostfedim. K feSeni tohoto problému vyuziva $lech-
titel genetické zdroje. Nutnost interdisciplinarniho pfistupu pti vyuzivani
genetickych zdroji zduraznil Dr. B. Skovmand (CIMMYT, Mexiko). Pfedpokla-
dem pro to je u¢inna vymeéna informaci. S cilem pokryt tuto potiebu u tak vyznamné
plodiny jako je pSenice byl vyvinut v CIMMY T International Wheat Information Sy-
tem (IWIS). Ten bude rozsifen na ICIS (International Crop Information System).
V zavéreném vystoupeni této sekce seznamil pritomné Dr. H. J. Braun (CIMMYT,
Turecko) s mezinarodni spolupraci pfi Slechténi a hodnoceni ozimé pSenice, do které
je zahmuto 170 spolupracovnikil.

Kromée referati bylo prezentovano 291 posterii. Napi. 80 sdéleni se tykalo
Slechtitelskych postupil a pfehledii nejnovejsich odriid a jejich vlastnosti od Anglie
pres Mad'arsko, Rusko aZ po Cinu a Nepal &i Egypt. Dalsich 78 sd&leni bylo zam&feno
na problémy biotickych a abiotickych stresit u pSenice. U rezistentniho $lechténi
bylo moZné z t&chto zprav zaznamenat, Ze se vétsi kapacity soustfed’uji na vyzkum
a Slechténi odrid odolnych k houbam Septoria nodorum i S. tritici a k fuzari6zam
klasu. Z abiotickych stresit dominovala odolnost k suchu, mrazu, tolerance k low
input aj.

Dalsi cykly posterii byly o jakosti, agronomii a fyziologii, biotechnologiich, gene-
tickych zdrojich a o mezinarodni spolupraci. Velmi zajimavé bylo vyhodnoceni do-
tazniku, ktery zaslali z CIMMYT 3lechtitelim ve v3ech zemich svéta, ve kterém se
subjektivné hodnotil vyznam $lechtitelskych cilii, pouZivané postupy, vyznam cho-
rob, rezistentniho Slechténi apod. Za prioritni Slechtitelské cile oznacili Slechtitelé
vynos, jakost a rezistentni Slechténi. Velky podil nakfizovanych rodici tvoii vlastni
Slechtitelské linie.

Posledni den ucastnici podepisovali petici, ktera mé&la podpofit moZnost volné vy-
mény Slechtitelskych zdroji. Zavéreénym slovem uzaviel zasedani prof. S. Boroje-
vi¢ s tim, Ze zhodnotil vyznam novych biotechnologickych postupii jako dileZitého
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dopliiku. Rozhodujici uloha i nadale bude patfit klasickym Slechtitelskym postupiim,
které ziistanou pateii Slechténi.

Cela konference vyznéla ve prospéch mezinarodni Slechtitelské spolupréce, jejimiz
hlavnimi sou¢asnymi nositeli jsou mezinarodni organizace CIMMYT a ICARDA.
Konference umoznila i navazani nebo obnoveni kontakti mezi Slechtiteli a vyménu
odrud, $lechtitelskych linii i praktickych poznatki.

Ing. Alena Hanisova, Ing. Vaclav Sip ,CSc., Ing. Ladislav Dotla¢dil,CSc.,
Ing. Pavel Barto$,DrSc., Ing. Zdenék Stehno, CSc.
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Konference EUCARPIA
1.-5. ¢ervence 1996, Brno

Na Mendelové zemédelské a lesnické univerzité v Bmé se konala konference
EUCARPIA (skupina Medicago). Odbornym a organizaénim garantem tohoto vé-
deckého jednani vénovaného fertilit¢ vojtésky byl profesor Oldfich Chloupek,
DrSc., prorektor MZLU v B¢ a €len vyboru Eucarpie pro tuto skupinu.

Konference se zicastnilo 63 odbornikii z Ceské a Slovenské republiky, Polska,
Litvy, Mad'arska, Chorvatska, Bulharska, Italie, Francie, Némecka, Kalifomie,
Wyomingu, Quebecku a Saskatchevanu. Jednani probihalo ve &tyfech odbormych
sekcich. Sekci zaméfenou na biologii opyleni a vyvoj semen vojtésky fidil dr. C.
Huyghe z INRA (Francie) a referovali dr. J. Nedélnik z Vyzkumného tustavu
picninafského v Troubsku a prof. F. Veronesi z Univerzity v Perugii (Italie).
V sekci Produkce semen a Slechténi na stabilitu fertility, kterou fidil prof. Chlou-
pek, vystoupili s referaty prof. U. Simon z Univerzity v Mnichové, prof. I. Béc-
sa z Vyzkumného ustavu v Kompolte, prof. Staszewski z Wzkumného ustavu
v Radzikowe a prof. A. Svirskis z Vyzkumnc¢ho ustavu v Donutvé (Litva). Prof.
F. Gray z Univerzity ve Wyomingu hovoiil o $lechténi vojtésky na rezistenci ve
vztahu k fertilité. O semenafstvi vojtésky jakoZto dobfe organizovaném priimyslo-
vém odvétvi v Severni Americe prednaseli prof. V. Marble z Univerzity v Davisu
(Kalifornie) a dr. R. Michaud, prezident North American Alfalfa Improvement
Conference (NAAIC) z Vyzkumného institutu St. Foy (Quebeck) v Kanadé.

Bylo prezentovano pres Ctyficet posterovych sdéleni, ke kterym byla vedena
v ramci sekci odborna diskuse. Diskutovany byly dalsi postupy ve Slechténi vojtés-
ky v&etné Slechténi na vyssi symbiotickou fixaci dusiku, ktera uspofi v osevnich
postupech hnojeni mineralnimi hnojivy.

Soucasti konference byly i odborné exkurze na pokusné plochy pracovist, které
se na organizaci konference podilely: Vyzkumného ustavu picninaiského v Troub-
sku, Slechtitelské stanice v ZeleSicich, Wskumného tistavu rastlinnej vyroby v Pi-
estacoch a STlachtitelské stanice v Spacincich.

Podrobné byl diskutovan navrh prof. P. Rotili, prezidenta této skupiny Eucar-
pia, aby se slou¢ila s Mediterdnni skupinou pro vojtésku, zahmujici asi deset evrop-
skych, africkych a asijskych zemi. VetSina ucastniki se vSak domniva, Ze na kazdé
Konferenci se miZe zucastnit kdokoliv, a proto bylo doporuc¢eno nazev Eucarpia
zachovat. Pristi konference by méla byt v evropské, mediteranni zemi.

Ing. Jaroslava Ehrenbergerova, CSe.
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Barley-Wheat Chromosome Rationalization

Ve dnech 30. 7. az 6. 8. 1996 se uskute¢nilo VIIth International Barley Genetics
Symposium (spojené s Vth International Oat Conference). Ob¢ akce byly uspofadany
ve svétové vyznamné obilnafské oblasti v aredlu University of Saskatchewan v Sas-
katoon, Kanada. Sympozia se tastnilo celkem 3est pracovnikii z Ceské republiky
(vSichni s profesnim zaméfenim na je¢men). Z jednani byl vydan tiidilny sbomnik.

V ramci dopliitkového programu se uskute¢nila fada satelitnich jednani (work-
shops/meetings), jejichZ tematika neni ve sborniku obsaZena. Zv1ast¢ uZitetné jsou
snad informace z workshopu nazvané¢ho Barley-Wheat Chromosome Rationalization.
Navrh projednavané tematiky Recommendations for the designation of the barley
chromosome and their arms zpracovalil. Linde-Laursen,J. S. Heslop-Harri-
son,K. W.Shepherd a S. Taketa. Jednani fidil prvni z uvedenych autori.

Na tomto workshopu byly posuzovany nové navrhy na oznafovani chromozomi
jedmene. Vychazeji z poznatkii pracovnikii piisobicich na molekulami tirovni vyzku-
mu. Hlavni obilni druhy (pSenice, ryZe, je¢men) maji kazdy v zdkladni sadé sedm
(n=T) chromozomi. Jejich obsah a fazeni odpovidajicich lokust je u Eeledi Triticeae
podobné. U kazdé z téchto plodin vSak bylo (do pfijeti navrhu) jejich oznaceni jiné.
Bylo dohodnuto, Ze ¢islovani chromozomil je¢émene bude pozménéno podle p3enice
(nazor, Ze je¢men je diploid a Ze by tedy bylo logi¢t&;si ¢islovat chromozomy p3enice
a ryZe podle n&j, nebyl projednavan).

Aby bylo ziejmé, Ze jde o nové Cislovani, bude za ¢islem chromozomu (bez mezery)
uvedeno velké pocatedni pismeno rodu “H* = Hordeum (chromozom s dosavadnim
oznaCenim 1 =7H, chromozom 5 = I1H a chromozom 7 = 5H; &isla chromozomii 2, 3, 4
a 6 se neméni, 1 u nich v3ak bude uZit symbol “H*). Po pfechodnou dobu (do pfistiho
BGS) muzZe byt vedle nového znaleni pouZito v zavorce i oznadeni dosavadni, napf.
chromozom 1H (5). Nové znaceni chromozomii je¢mene (v zdvorce dosavadni znace-
ni): 1H (5); 2H (2); 3H (3); 4H (4); SH (7); 6H (6), TH (1)

Bylo dohodnuto, Ze symbol ,,H* bude psan standardnim pismem (nikoli tu¢nym
— jeden z nepiijatych navrhit). Nebude pouzivano rozliseni mezi H. vulgare ssp. vul-
gare (H') a H. vulgare ssp. spontaneum (H°). Pro ozna¢eni chromozomi genomu
je¢mene nebude nadale pouZivano pismeno “I*. Pro ozna¢eni ramen chromozomi
byla ponechana velka pismena “S* a “L*, i kdyZ jejich piivodni vyznam (kratké a
dlouhé rameno) je jen relativvi. Alternativni navrh na pouzivani symboli “+“ (p)
misto “S* a “-* (q) misto “L* nebyl pfijat. Symboly ozna¢ujici rameno chromozomu
budou psany (bez mezery) za oznaceni chromozomu, tedy napf. I HS (pismena “p*“ a
“q“ jsou uZivana pro oznadeni prisluinych ramen chromozomn ¢lovéka).

Hostitelskd University of Saskatchewan je také pofadatelem International Wheat
Genetics Symposium v roce 1998. Pristi (VIIIth) International Barley Genetics Sym-
posium se uskuteéni v srpnu roku 2000 v Australii.

Ing. Antonin Dreiseitl,CSe.
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