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SUMMARY

The technique of in vitro culture of immature sunflower embryos
is widely used to accelerate breeding programmes. It is therefore
important to determine its effects on the main characters selected
during inbred line fixation. For four genotypes, a comparison was
made between plants obtained from in vitro culture of immature
eémbryos plante out in the field, and those from seeds sown in the
usual way.

A constant reduction of 30 % was observed for plant height.

Capitulum and stem diameters were also reduced, but to var:.able
extent ( by =3 to -9 % and -10 to + 16% respectively).
Effects on 1000-seed weight, seed number per head and oil content
were also determined. Two of the genotypes’ wers resistant to
Phomopsis and, two susceptible.- The plants obtained from in wvitro
culture showed the same distinction of reponse to leaf infections
with Phomopsis mycelium as those grown from seed.

INTRODUCTION

.In vitro culture (c.i.v.) of immature embryos is wused in
sunflowers (Hellanthus annuus) to reduce the duration of a growth
cycle from 90 - 120 days to 60-70 days (ALISSA et al, 1986). In
breeding programmes it can be used to accelerate back-crossing
programmes to introduce major genes or cytoplasmic male sterility
(CHANDLER and BEARD, 1983). )

It would also be of great interest to be able to use immature
embryo culture in pedigree selection programmes for inbred 1lines.
However, it 1s necessary to be sure that the selection process
remains efficient when plants obtained from c.i.v. of immature
embryos are Jjudged. ASPIROZ - et al (1987} showed significant
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reductions in plant height, capitulum diameter and leaf size.
PELLETIER (19288) found no gain in resistance to Phomopsis (Diaporthe
helianthi) wusing tests on F3 and F4 plants grown in pots in the
greenhouse after immature embryo culture. In a preliminary study,
MIRMAN (1989) observed significant effects of c¢.i.v. of immature
embryoes on many agronomic characters, with changes in the
classification of genotypes for flowering date, weight of 1000 seed
and oil content, but not for maturity date, seed number and
Sclerotinia and Phomops1s resistance.

This paper reports a comparison between plants sown normally in
the field and those obtained from c.i.v. of immature embryos, for
the main agronomic characters, and . in particular resistance to
Phomopsis, since it appeared of particular interest to accelerate
the breeding of lines resistant to this recently appeared disease.

MATERIALS and METHODS

Genotypes :

Four inbred lines, coded PH1, PH2, PH3 and PH4, were chosen for
their differing reactions to Diaporthe helianthi , the first two
were known to be susceptible, the two latter, resistant.

Growing Conditions :

To obtain plants from-in vitro culture of immature embryos, the
4 lines were sown at seVveral dates in the greenhouse and selfed
under paper bags. Embryos were harvested 10 to 12 days after the
beginning of flowerlng and for all the genotypes at the same time.

The embryos were first grown on a MURASHIGE and SKOOG (1962)
medium modified by ALISSA et al (1986) and containing. hormones.
After 2 days they were then transfered onto a medium with the same
composition but lacking hormones. After about 10 days, the plantlets
were pricked out in pots maintained in the greenhouse for another 10
days to condition them to more normal growth conditions (absence of
100% humidity). Fourty plants of each genotype were then planted out
-in. the field. ' .

To obtain plants from seed, at the same date as the harvesting
of immature embryos, seeds- of the four genotypes were sown in the
field.  After thinning at the 2 leaf stage, 40 plants of each -
genotype were retained,

Morphological and agronomlc observations :

Phomopsis test : When the plants showed flower buds 5 to 8cm in
diameter, 3 young, fully grown leaves of each were infected with
Diaportgeﬁjwcellum by the method described by TOURVIEILLE et al.
(1988) . "An agar explant contalnlng the mycellum was placed on the
extremity of the main wvein, with the fungus in contact with the
leaf. To prevent drying, it was covered with aluminium foil stapled
in place. Twice daily irrigations were provided by sprinklers for 20
days. Observations were then made of the lengths of Phomopsis
necroses along the main veins of the leaves. ’
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Flowering date was noted, then at the onset of maturity,
_capitulum and stem diameters and plant height were measured. After
harvest, seed number, weight of 1000 seed and o¢il content were
determined, the latter by Nuclear Magnetic Resonance.

RESULTS s ) -

The results are presented in- Table 1 There were s1gn1f1cant
dlfferences between genotypes for all characters.

Morphological characters :

Stem diameter : Plants obtained from c.i.v. generally ‘showed
slightly thinner stems, although this ‘was not the case for PH3,
which showed a significant increase in stem diameter (+ 16%).

Capitulum diameter : Embryo culture appears to have .little
effect -on this character, there was a significant reduction only for
PH1. .

Leaf number : There was a general reduction in leaf number of
plants obtained by c.i.v., significant for all genotypes except PH4.

Plant height : It is for this character that embryo culture had .
the greatest effect (- 30%), and -all the genotypes reacted in the
same way. ) :

Agronomic characters :

Phomopsis reaction : The effect of embryo .culture on lesion
length was not marked. The relative reaction of the four genotypes
did not wvary according to treatment. In fact, there was a slightly
better distinction between resistant and susceptlble genotypes after
embryo culture : the resistant inbreds (PH3, PH4) showed a decrease
of 23% in lesion length, whereas the susceptibles (PH1, PH2) showed
a 13% increase. For PH2 and PH4, these differences were significant.’

Flowering date : In vitro embryo culture 'increased earliness
for all genotypes although only to a small extent for PHA4.

Seed number : Together with plant height, this was the
character which was most affected by embryo culture. The increase in
seed number for PH3 appears to be an anomally.

o Weight 1000 seed : This character is the opp051te of all the
others, with increases for PH2, PH3 and PH4

0il content : The effect of embryo culture varled according to
genotype, with an increase for PHl1 and PH3 and a. reduction for PH2
and PH4. This character showed the  greatest change in genotype
classification - between field-sown seed and embryo culture, PH2
normaaly having the highest oil content, but showing the "lowest
after c.i.v. . . . Lo
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DISCUSSION

There is a general reduction in plant vigour after embryo
culture, but this effect becomes reduced with time : of the 4
morphological characters observed, capitulum diameter, determined
after flowering, shows the least effect. The large effect on height,
which confirms that- of ASPIROZ et al (1987), may perhaps be linked
with the reduced number of leaves and greater earliness of flowering
in a hypothesis that immature embryoc culture gives a shortened
vegetative development. With only one exception (PH3, stem
diameter), genotypic classification is not altered by treatment, and
selection for morphological characters on plants. from embryo culture
would be possible. This contrasts with MIRMAN (1989) who observed
changes in the relative heights of 11 genotypes when subljected to
the same treatments. .This could depend on the reaction of individual
genotypes to c.i.v.

Embryo culture generally causes a reduction in the value of
agronomic characters, related to the reduced vigour. For the weight
of 1000 seed, the increases following embryo culture may be related
to the small number of seed developing, such that there was no
competition between seeds. The much earlier flowering date of plants
obtained from embryo culture may be due, to premature aging, but
could also result from the fact that, during the first 20. days, the
immature embryos and plantlets were grown at 23°C, whereas the seeds
in the field had a mean temperature not exceeding 15°C.
Nevertheless, genotype classification remained the same for the 2
treatments.

Characteristics concerning seed showed more variability in
genotype classification, with the anomalous seed number of PH3 and
the reduced 1000 seed weight of PH1. In particular, oil content was
extremely variable, and it does not .appear possible to select for
oil content on plants obtained from c¢.i.v. This is in agreement with
the results of MIRMAN (1989). -

In contrast, it appears quite possible to determine resistance
to Phomopsis on plants obtained from c.i.v. of immature embryos.
Resistant and susceptible genotypes are easily distinguished, .in
agreement with MIRMAN (1989), However the slight to moderate
reduction in lesion length for the resistant genotypes after embryo

culture may explain the inefficiency of selection by PELLETIER
(1988) . For a genotype like PH4, if progeny of a plant with 3.0 cm
lesions were obtained by c.i.v. and those plants with lesions of 2.4
cm selected, the apparent gain in resistance would not necessarily
be genetic. .

At present, it is difficult to explain the different reactions
of resistant and susceptible genotypes in response to embryo
culture. It must be concluded that distinction , for éxample in F2
progenies, between highly resistant and susceptible material is
possible on plants obtained from embryo culture, but choice between
plants with small differences in resistance must be subject to
caution. )

Concerning genotype adaptation to embryo culture, it may be
noted that, except for Phomopsis lesions, PH4 shows the smallest
effects. Selection using this technique may thus be of variable
interest according to the gentic origin of the material studied.
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