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SUMMARY

Crossability and embryo development were studied in the crosses of one Triticum aestivum and three T.
durum genotypes with nineteen rye inbred lines. Parental wheat and rye genotypes exerted a significant
influence on the characters seed set, number of seeds containing embryos and viable plantlets obtained
from embryo culture. It was established that the common winter wheat cultivar Gtz is of intermediate
crossability. The rye inbred lines varied substantially in their capacity to fertilize several wheat genotypes.
Interactions between wheats of different crossability classes and their seed set with rye lines were detected.
Significant correlations were obtained between seed set and viable plantiets recovered in vitro.

INTRODUCTION

The crossability between wheat and rye is known to be genetically controlled. Various
investigations provide evidence that the A, B and D genome of wheat as well as the
R genome of rye carry crossability gene(s) (LEIN, 1943; RILEY & CHAPMAN, 1967; Kro-
Low, 1970; TANNER & FALK, 1981; LELLEY, 1982; OETTLER, 1982). The level of cross-
ability in common wheat with rye as pollinator has generally been classified by many
authors (Tozu, 1966; SNAPE et al., 1979; JALANT & Moss, 1981; THOMAS et al., 1981)
as follows:

Crossability Seed set (%)
low 0- 10
intermediate 10— 50
high 50-100

European common wheats predominantly belong to the first category. Insufficient
information exists as to the degree of crossability of the rye parent. Experimental evi-
dence from spring and winter rye materials indicates considerable differences between
inbred lines in their ability to pollinate various wheat genotypes (TAIRA et al., 1978;
LELLEY & TAIRA, 1979; TANNER & FALK, 1981; OETTLER, 1982).
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The development of fertilized ovules in wheat-rye hybrids is strongly influenced
by the ploidy level of the wheat parent. In tetraploid wheat-rye crosses embryo culture
technique is a prerequisite for the production of viable hybrid plantlets (KrRoLoW,
1970; Moss, 1970; MARAIS & PIENAAR, 1977), while in hexaploid wheat-rye crosses
the ovules generally develop in vivo.

The present study was conducted with one hexaploid and three tetraploid winter
wheats and a set of nineteen winter rye inbred lines. It provides data on the influence
of parental genotypes on seed set, embryo viability and development in crosses between
wheats belonging to different crossability classes and rye inbred lines tracing back
to various European source populations. Embryo culture technique was used through-
out.

MATERIALS AND METHODS

The following parental materials were used:

1. One cultivar of hexaploid winter wheat (Triticum aestivum L.): Gotz.

2. Three lines of tetraploid winter wheat (Triticum durum L.): D 30, D 40 and D 50
from the Hohenheim durum-collection.

3. Nineteen homozygous inbred lines of winter rye (Secale cereale L..) from the Hohen-
heim rye-collection.

Of the 76 possible cross combinations 57 were produced and analyzed.

Plants were grown and crossed under controlled conditions in the glasshouse with
a day/night cycle of 16/8 hours, day/night temperatures of 22°/16°C and a relative
humidity of 709. Spikes of the wheat parent were emasculated prior to anthesis and
pollinated immediately as suggested by THoMAS & ANDERSON (1978), using the ap-
proach method (Curtis & Croy, 1958). For the common wheat 25-30 heads and
for the durums 15-20 were emasculated.

After pollination female plants were sprayed with a solution of gibberellic acid (7.5
mg/l) for several days to enhance seed setting and embryo development. At 18 to 20
days after pollination embryos were collected for culture on a modified medium pro-
posed by JENSEN (1976). Culture vials were incubated in darkness at 18-20°C until
root and coleoptile growth was initiated, and then transferred to a growth cabinet
with a 24 hour light regime at 20-25°C. Plantlets showing good development were
transplanted into pots containing a mixture of soil, vermiculite and peat moss (2:1:1).

For each cross combination the following data were determined: number of florets
pollinated, seed set (crossability), proportion of seeds containing culturable embryos,
and viable plantlets recovered from in vitro technique. Seeds with globular shaped
embryonic structures smaller than approximately 0.4 mm were not regarded as being
culturable.

All percentage values were corrected, weighted and transformed to arcsin according
to BARTLETT (1947) and SNEDECOR & COCHRAN (1967), and subjected to analyses of
variance for unbalanced data as given by VAN BAAREN (1973) and modified by Utz
(unpubl.). The means of parental genotypes were obtained as least squares estimates,
corrected for missing values. Further, correlation analyses were performed on the arc-
sin values and tests for homogeneity of correlation coefficients were conducted.
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Table 1. Number of florets pollinated for crossing one common wheat (‘G6tz’) and three durum wheats
(D 30, D 40, D 50) with nineteen rye inbred lines as pollinators.

Rye Wheat parent (female)

parent

{male) Goétz D30 D 40 D50
L 18 654 452 434 242
L 25 842 - - -

L 35 734 - - -

L 37 718 440 446 154
L 60 812 406 416 152
L 68 688 368 462 152
L 70 590 364 444 140
L 138 623 338 384 94
L 145 740 402 462 158
L 150 690 353 438 146
L 155 698 - - -

L 16l 671 420 396 128
L 170 692 - - -
L184 608 293 358 110
L 185 -~ 414 442 150
L 188 562 - - -
L271 772 346 390 106
L 281 652 ~ - ~

L 301 784 352 438 240
RESULTS

Wheat-rye crossability. The number of florets pollinated for producing the individual
cross combinations is shown in Table 1. The low number of florets for the female
D 50 is a result of unfavourable plant development in the glasshouse. Only 10 heads
or less were available for emasculation.

Seed set for the wheat genotypes of the present study, supplemented by data of
the cultivars ‘Jubilar’ and ‘Kormoran’ from an earlier investigation (OETTLER, 1982),
is presented in Table 2. The overall range lies between 0.0%, and 36.6%;. With regard
to the female parent two distinct classes can be recognized. Combinations with ‘Jubi-
lar’ and ‘Kormoran’ have a seed set below 10%, while for ‘Gtz and the durum combi-
nations it lies between 109, and 509%,.

Mean values of seed set for each parental genotype are exhibited in Table 3. The
range of variation among ‘G6tz” and the three durum wheats is small and does not
reflect any difference due to ploidy level. The variation among rye lines is high and
ranged from 0.0%, to 30.7%. Significant differences for both parental genotypes were
revealed by the analysis of variance (Table 4). Interactions between wheat and rye
parents for seed set are indicated in Table 2.

Correlations between wheat parents for arcsin seed set are given in Table 5. The
correlation coefficients range from a non-significant negative value of —0.19 to a highly
significant positive value of 0.74. ‘Kormoran’ does not correlate with any tetraploid
wheat and D 50 shows no correlation at all. ‘Jubilar’ and ‘G6tz’ correlate equally
well with D 30 and D 40, and all three T. aestivum.
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Table 2. Seed set (%) of three common wheats (‘Jubilar’, ‘Kormoran’, ‘G6tz’) and three durum wheats
(D 30, D 40, D 50) pollinated with twenty rye inbred lines.

Rye Wheat parent (female)

parent

(male) Jubilar! Kormoran!  Gétz D30 D40 D 50
L 18 - - 35 10.4 2.8 5.8
L 25 1.8 3.1 22.4 - - -

L 35 1.3 0.3 44 - - -

L 37 1.6 1.3 36.6 31.1 15.2 18.2
L 60 0.2 0.3 9.2 202 77 15.1
L 68 4.3 6.4 29.8 26.1 19.3 26.3
L 70 1.5 0.3 16.4 24.2 26.8 4.3
L 138 0.2 0.2 29 19.2 2.3 31.9
L 145 0.7 0.1 27.7 16.4 18.2 12.0
L 150 0.8 1.4 354 29.7 31.1 13.0
L 155 0.7 1.3 30.9 - - -

L 161 1.6 1.4 24.4 352 356 3.1
L 170 1.0 0.6 11.6 - - -

L 184 0.7 0.2 14.3 9.6 4.2 3.6
L 185 0.0 0.0 - 18.4 3.6 0.7
L 188 0.1 0.0 0.2 - - -

L 256 24 2.5 - - - -
L271 0.4 0.5 4.1 19.9 13.6 21.7
L 281 1.8 1.5 12.3 - - -

L 301 0.5 0.3 5.7 25.2 7.8 10.0

!Data from OETTLER (1982).

Embryo development. Mean values of maternal genotypes for seeds with embryos
(Table 3) showed little, but still significant differences. Variation among pollinators
for this character was slightly higher and also significant (Table 4).

The proportion of plantlets resulting from in vitro culture given in Table 3 reveals
a striking difference between hexaploid and tetraploid wheat parents. The highest val-
ue was reached with ‘G6tz’ (50.4%,). Similar and much lower proportions were ob-
tained for D 40 and D 50 (21.39, and 24.49%, respectively). Percentages for D 30 were
even smaller (9.9%). The range of variation among the rye parents is similarly wide
as among the wheats. Proportions range continuously from 9.1%; to 57.0%;. Significant
differences for both types of parents were found (Table 4).

If the mean proportion of viable plantlets is related to the number of florets pollinat-
ed, it ranges from 0.9% to 5.8% for the wheats and from 0.0% to 8.1%, for the ryes
(Table 3). On average these values are about one tenth smaller than those related
to the number of embryos cultured. While this ratio is rather constant for the wheats,
it varies substantially for the ryes. Yet both parental sources of variation are statisti-
cally significant (Table 4).

Correlation analyses of seed set to plantlets obtained in vitro, when both traits have
as a common base the number of florets pollinated, gave the following results for
the four wheats ‘G6tz’, D 30, D40 and D 50:r = 0.95, 0.46, 0.78 and 0.83, respectively.
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Table 3. Mean values (least squares estimates) of crossability and embryo development data for maternal
wheat and paternal rye genotypes.

Number of Seed set Seeds with Viable plantlets as 9, of
Cross com- VA embryos
binations %) embryos florets
cultured pollinated
Wheat:
Gotz 18 15.8 67.3 50.4 5.8
D30 13 21.0 70.5 9.9 0.9
D 40 13 13.5 63.3 213 1.6
D50 13 11.8 69.4 244 2.0
Rye:
L 18 4 5.6 78.3 29.1 1.0
L 25 1 222 84.5 35.2 8.0
L 35 1 4.1 66.0 57.0 0.0
L 37 4 253 79.2 22.0 52
L 60 4 13.1 67.3 30.5 2.2
L 68 4 254 68.0 232 4.4
L 70 4 17.9 67.5 394 3.7
L 138 4 14.1 64.8 22.7 2.1
L 145 4 18.6 72.7 24.1 33
L 150 4 27.3 66.0 25.3 4.8
L 155 1 30.7 75.4 24.8 8.1
L 161 4 24.6 68.7 18.0 3.5
L 170 1 11.3 69.1 21.5 0.4
L 184 4 7.9 69.4 9.1 0.9
1185 3 7.6 79.9 20.2 1.6
L 188 1 0.0 - - -
L27 4 14.8 58.9 17.4 1.0
L 281 1 12.0 70.4 33.2 1.7
L 30t 4 12.2 78.1 24.8 1.7

All but the coefficient r = 0.46 for D 30 were significant at the 19 level of probability,
and a test for homogeneity disclosed that it was significantly different only from r
= (.95 for ‘Gotz’.

DISCUSSION

Wheat-rye crossability. The results demonstrate the important role of maternal and
paternal genotypes in wheat-rye hybridization, and thus are in good agreement with
earlier findings (OETTLER, 1982). European common wheats are known to have gener-
ally a poor crossability with rye (KroLow, 1970; SNAPE et al., 1979). The crossability
of ‘Go6tz’, however, was found to be considerably higher than one would expect for
a T. aestivum and was of the order obtained for T. durum. LELLEY (1982) demonstrated
for spring wheat (cv. Kolibri) that cultivars of intermediate crossability exist, and the
German winter wheat ‘Gotz’ apparently also belongs to this category.

Such wheat genotypes of intermediate crossability will facilitate hybridization with
rye considerably. And they allow a better differentiation for variation of crossability
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Table 4. Mean squares of crossability and embryo development data for wheat-rye crosses. Percentages
were transformed to arcsin.

Source Seed set (%) Seeds with Viable plants as %, of

— embryos(%)

df. MS —_ embryoscultured florets pollinated

df. MS
df. MS df. MS

Wheat 3 416.1*F 3 403.6++ 3 367.0F 3 249.8++
Rye 18 9.1+ + 18 86.8%+ 17 21.4% 18 242+
Remainder 35 25.1 35 20.0 35 10.5 35 8.6

+, T T Significant at the 5% and 1% levels of probability, respectively.

Table 5. Correlations between six wheat parents for their seed set in crosses with various rye inbred lines
as pollinators. The number of rye lines common to the correlated wheats is given in brackets.

Wheat Kormoran Gotz D30 D40 D 50
parent

Jubilar 0.50* (17) 0.71%+(17) 050 (1D 073* (qp 02111
Kormoran 046 (17 -019 (1D -0.01 (11; 0.11(11)
Gétz 0.597+(12)  0.74*+(12)  0.04(12)
D30 0.71*+(13)  0.16(13)
D40 0.02(13)

+, ++ Significant at the 5% and 1%, levels of probability, respectively.

within the rye parents than low crossable wheats. This is well demonstrated by the
data of Table 2 and agrees with statements by THoMAS & ANDERSON (1978).

For individual cross combinations seed set values were obtained (Table 2) which
differed considerably from the average performance of their parents (Table 3). This
suggests the presence of interactions between wheats and rye lines, each possessing
specific crossabilities. Correlations between wheat parents for their crossability with
rye (Table 5) support this assumption. ‘Jubilar’ and ‘Gétz’, belonging to different
crossability classes, correlate well with both common and durum wheats, while ‘Kor-
moran’ does not correlate with any of the durums. The deviating behaviour of D 50,
however, may be a result of the poor plant development in the glasshouse. Hence,
the interactions between wheat and rye with regard to their crossability do not depend
on the crossability level of the wheat parent, as was indicated by TANNER & FALK
(1981). But further investigations are necessary to validate these findings.

Embryo development. Mean values for the character seeds with embryos obtained for
durum-rye hybrids (Table 3) are lower than is known from investigations by TAIRA
et al. (1978) with a limited number of defined spring rye lines, but higher than findings
by PIENAAR (1974) with rye populations as pollinators The range of variation for
embryo differentiation, represented by the proportion of seeds with embryos at the
time of dissection, which is caused by the wheat and rye parents is remarkably small,
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as compared to the other characters investigated. And no difference between ploidy
levels of the wheats can be recognized. Whether such small differences among and
between wheat and rye genotypes are a general feature or are mainly due to particular
techniques, remains open.

The results for the character plantlets recovered in vitro indicate a superiority of
the crosses with hexaploid wheats as compared to the tetraploids and are similar to
values given by LARTER (1975). Hybrid embryo differentiation and development in
hexaploid wheat-rye crosses at time of dissection are considerably further advanced
than in tetraploid wheat-rye crosses.

To get additional information on the aspect of embryo development an attempt
was made to visually classify the dissected embryos as large, medium and small, based
on their size and morphological appearance. It was found that the number of large
and well differentiated embryos was high in ‘G6tz’-hybrids as compared to the durums.
The percentage of small and poorly differentiated embryos was high in all durum-
crosses and highest in D 30. This may explain the large difference between ‘Gotz’-
and D 30-hybrids of 50.4% and 9.99,, respectively (Table 3). Obviously, the maternal
influence on embryo development is stronger than that of the male parent.

From a practical point of view a possibility of predicting the number of amphihap-
loid plants to be expected from a particular cross combination would be highly desir-
able. The close correlation between seed set and proportion of viable plantlets observed
in the ‘Go6tz’-, D 30- and D 40-crosses may be considered a good basis for such predic-
tions. The structure of the data did not allow to perform correlation analyses between
all characters investigated, which would have been equally interesting. But further
relevant studies are in progress at present.
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