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Abstract The pioneer work on triticale in Europe was done by A. Miintzing, who
has been working with octoploid triticales since 1934. However, interest in Western
Europe in triticales has been evident only since 1953, when a note on three new hexa-
ploid triticales was presented at the 9th International Congress of Genetics.

Triticales obtained in Western Europe were produced by artificial doubling of the
chromosome complement of the hybrid Triticale sp. X Secale cereale. Leim studied the
genetical control of crossability between hexaploid wheat and rye and obtained evidence
of two recessive genes, kr, and kr2, controlling the high crossability.

In Sweden, the grafting of wheat embryos onto rye endosperm produced plants with
increased crossability, although this was not duplicated in other parts of Western Europe.

Duplication of the chromosome number in the F, of wheat-rye hybrids has been
accomplished by using colchicine applied in various ways. Embryo culture has been also
used to increase the success of the crosses.

Breeding programs for the production of secondary triticales were started to use
characteristics of the primary triticales, and low fertility and excessive seed shrivelling
were partially overcome by selection within lines.

Recent results in breeding in Sweden, Switzerland, France, the United Kingdom,
Denmark, and Spain are discussed, as well as the potential of triticale as an agricultural
crop.

Résumé En Europe, les premiers travaux sur le triticale ont été faits par A. Miintzing
qui travaille sur des triticales octoploides depuis 1934. Ce n’est cependant que depuis
1953 que I'Europe de I'Ouest a manifesté un intérét pour cette céréale, lorsque fut
présentée une communication sur trois nouveaux triticales hexaploides au Congrés
International de Génétique.

Les triticales obtenus en Europe de 'Ouest ont été produits par doublement artificiel
de I'ensemble chromosomique de 'hybride Triticale sp. X Secale cereale. Leim a étudié
le moyen de commander génétiquement I’hybridation blé hexaploide-seigle, et a obtenu
la preuve que I'importance de cette derniére dépendait de deux génes récessifs, kr, et kr,.

Le greffage d’embryons de blé sur endosperme de seigle, effectué en Suéde, a permis
d’obtenir des plants plus facilement hybridables, mais cette expérience n’a été répétée
nulle part ailleurs en Europe occidentale.

On est parvenu A doubler le nombre des chromosomes dans les F1 d’hybrides blé x
seigle en utilisant de la colchicine de différentes maniéres. La culture d’embryons a
également été utilisée pour augmenter le succés des croisements.
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Des programmes de sélection destinés a la production de triticales primaires, et la
sélection au sein des lignées a permis de compenser partiellement la faiblesse de la

fertilité et le ridage excessif des grains.

L’auteur expose les résultats des travaux de sélection récents entrepris en Suéde, en
Suisse, en France, au Royaume-Uni, au Danemark et en Espagne, ainsi que les possi-

bilités du triticale sur le plan agricole.

IN 1888 Rimpau discovered the first amphi-
ploid between bread wheat and rye. The plant
was probably a mixoploid chimaera arising
from a 28-chromosome hybrid between Triti-
cum aestivum and Secale cereale. The plant
had a sector that spontaneously duplicated its
chromosome number and produced 15 seeds,
12 of which gave rise to a uniform triticale
while the other 3 resulted from pollination
with wheat. Rimpau described this new cereal
in 1891 and Miintzing (1939) confirmed that
the somatic chromosome number of the
Rimpau triticale was 2n = 56.

The original concept behind the artificial
production of triticales was to combine the
bread-making quality and yielding ability of
wheat with the vigour and hardiness of rye in
a cereal that would have the ability to grow
on poor, cold, dry soils. The new cereal can
indeed, with special baking procedures, be
used for bread making and produces a
protein-rich bread. But the main use of triti-
cale in future will probably be for animal
feed, whether as grain, green forage, or
silage.

The pioneer work on triticale in Europe
was done by A. Miintzing, who has been
working with octoploid triticales since 1934.
But the interest in Western Europe on hexa-
ploid triticale started after a note on three
new hexaploid triticales (Sanchez-Monge and
Tijo 1953) was presented at the 9th Interna-
tional Congress of Genetics in Bellagio, Italy,
in 1953. The idea of working intensively at
the hexaploid level in triticale was suggested
to us by C. A. Jgrgensen when we were
examining the large collection of tetraploid
wheat genotypes from Spain.

Production of Triticale

The triticales that we designate as ‘“‘prima-
ries” were obtained in Western Europe by the

artificial doubling of the chromosome com-
plement of the hybrid “Triticum sp. X Secale
cereale.” The crosses between tetra- and hexa-
ploid species of wheat and diploid rye were
more easily made by using the wheat species
as the mother plant. The intergeneric cross
is more easily made with hexaploid than with
tetraploid wheats.

At both levels of ploidy, different wheat
genotypes show different ability to set seed
when pollinated with rye pollen. Some experi-
ments have shown no influence of the rye
genotype on the crossability (Krolow 1964).
However, the utilization of alloplasmic rye
with wheat cytoplasm seems to increase the
percentage of germinable seeds in the cross
T. aestivum X Secale cereale (Vettel 1961).

In a study made by Lein (1943) on the
genetical control of crossability between hexa-
ploid wheat and rye, evidence was obtained
of the existence of two recessive genes, kr,
and kr,. controlling the high crossability. The
dominant Kr, reduced crossability to a greater
degree than did Kr,. The location of these
two loci in the wheat genome was investigated
by Riley and Chapman (1967). They located
Kr, on chromosome 5B and Kr, on chromo-
some SA.

Several attempts have been made to in-
crease the crossability of wheat and rye. The
grafting of wheat embryos onto rye endo-
sperm produced plants with increased cross-
ability according to results obtained in Sweden
(Miintzing 1956). In other countries in
Western Europe no increase in crossability
was obtained using this technique with hexa-
ploid (Krolow 1964; Derenne 1960) or tetra-
ploid wheats (Sanchez-Monge 1956a). The
heterozygosity of the tetraploid wheat mother
plant did not increase the crossability in other
experiments (Sanchez-Monge 19564).

With tetraploid wheats the percentage Cross-
ability average seed set obtained by Krolow
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(1970) was 13.36% and the percentage of
germinated seed in pollinated flowers was
0.15%. In the same experiment the corres-
ponding value to the last figure for hexaploid
wheat was 3.07%. My own results with 64
genotypes of tetraploid wheat were 0.6%
average seed set and 0.4% seed germination
in pollinated flowers (Sanchez-Monge 1956a,
b). The inbreeding and selection of self-
fertile lines of rye to be used as pollen parents
with tetraploid rye did not have any influence
on crossability (Sanchez-Monge 1956a).

The duplication of the chromosome num-
ber in the F, of wheat-rye hybrids has been
accomplished by using colchicine applied in
different ways:

— coleoptile immersion in the colchicine
solution (Miintzing 1939);

— alternative immersion of the washed
roots of plants at the tillering stage in weak
solutions of colchicine (0.05%) and tap
water; the plants were usually put in the col-
chicine solution during the day and in tap
water during the night and the treatment
lasted for 4 days (Villax et al. 1954; Villax
1957; Wellensiek 1947);

— the cutting back of a couple of tillers
and application of the colchicine solution to
them with the use of small vials (Bell 1950;
Sanchez-Monge 1956a; Linde-Laursen 1973)
or hydrophilous cotton protected with polye-
thylene (Cauderon and Saigne 1961).

Embryo culture has been also used to in-
crease the success of the crosses (Lupton
et al. 1973).

Breeding

Research workers soon realized that the
primary triticales were autogamous and vigor-
ous, but they were partially sterile and the
kernels were shrivelled. The first six lines of
the octoploid triticale that Miintzing (1939)
studied showed variability for characters such
as vigour, pollen fertility, seed setting, grain
shrivelling, baking quality, and winterhardi-
ness. This variability was quickly used by
breeders, who made crosses between the pri-
mary triticales and started breeding programs
for the production of secondary triticales.

The inconveniences of low fertility and

excessive seed shrivelling were partially over-
come by selection within lines. However, the
results were slow in coming and sometimes
contradictory. Miintzing (1972), Ingold et al.
(1968), and I (Sanchez-Monge 1969) ob-
tained favourable results, whereas Aufhammer
et al. (1961) and others did not find that the
selection of plants with the highest seed set
was effective.

A much debated question that arose from
the production of secondary triticales was
that of the relationships between fertility,
aneuploidy, and the regularity of the meiosis.
Vettel (1960), working with the Rimpau
triticale and several mutants, found a negative
correlation between the frequency of aneu-
ploid descendants and the fertility of the
mother plant. Pieritz (1966) obtained similar
results and also showed that aneuploidy is
mainly transmitted through the female ga-
mete. Pollen grains with aneuploid numbers
rarely functioned and when they did so, the
chromosome number only deviated by =1
chromosome from the euploid number.

Working with octoploid material showing
very high chromosomal instability, Krolow
(1962) was able to reduce the aneuploid fre-
quency from 83.3% to only 60.6% by
selecting the more fertile plants. Reselection
within lines allowed him to reduce the aneu-
ploid frequency to 40.3%. In the same
experiment, Krolow found a positive correla-
tion between aneuploid frequency and sterility
of the mother plant and between aneuploidy
and reduction of tallness. Later experiments
(Krolow 1963) confirmed these results.

At the hexaploid level, Krolow (1966)
found much lower figures for the frequency
of aneuploidy. In the progeny of euploid
plants with 42 chromosomes he found 7%
aneuploids, mainly with 41 and 43 chromo-
somes. The progenies of these aneuploids
showed a tendency to revert to the euploid
number of 42, as the average chromosome
number in the progeny of 41-chromosome
plants was 41.31, and 42.53 in the progeny
of 43-chromosome plants. However, it is easy
to show, using Krolow’s figures, that in the
absence of selection the total frequency of
aneuploids tends to increase in such a
population.
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In crosses between hexaploid triticales it
was possible to select, in the F, generation,
plants with good fertility, 42 chromosomes,
and a more stable meiosis than the parents
of the cross (Krolow 1969).

It was suggested by Miintzing (1956) that
some of the unfavourable characters of triti-
cale could be due to the fact that it is an
autogamous species resulting from the inte-
gration of the genotype of an autogamous
wheat species with the genotype of an alloga-
mous rye species. The genetic contribution of
rye would be subject to inbreeding degenera-
tion. He then suggested that inbred lines of
rye selected for self-fertility or F; hybrids
between them be used for the production of
triticales.

The results with my own material (Sanchez-
Monge 1969), in which high levels of fertility
were quickly reached, could be due to the
use of self-fertile lines of inbred rye. It is
worth mentioning here that the highest values
of self-fertility in inbred rye have been ob-
tained from populations coming from the
southeastern region of Spain where the wild
species Secale montanum is also found. It is
possible that genes of this later species were
introgressed into the cultivated rye.

The work of Riley and Chapman (1957)
gives some support to the ideas of Miintzing.
Three artificial allooctoploids obtained from
Triticum aestivum X Secale cereale, T. aesti-
vum X Aegilops longissima, and T. aestivum
% Aegilops caudata, were compared by Riley
and Chapman.

The breeding systems of the four species
are: T. aestivum = self-compatible and auto-
gamous; Ae. longissima = self-compatible and
usually autogamous; Ae. caudata = self-com-
patible and allogamous; S. cereale = self-
incompatible and allogamous.

The fertility was highest in the octoploid
involving Ae. longissima and lowest in the
one involving S. cereale. The authors suggest-
ed that the fertility of an alloploid can be
affected by the interaction of the breeding
systems of the parental species.

The production of secondary triticales from
crosses between primaries has been frequently
used in Western Europe both at the octoploid
(Miintzing 1939, 1956, 1963, 1972; Ingold

et al. 1968; Cauderon 1970) and at the hexa-
ploid levels (Sanchez-Monge 1969; Lupton et
al. 1973).

Handling crosses between octoploid triti-
cales has been found to be more difficult than
with wheat (Miintzing 1939). The F, shows
heterosis but in many instances is lower in
seed setting and has more irregular meiosis
than its parents. Aufhammer et al. (1961)
found that the fertility of the progenies was
dependent on that of the parents and also on
their specific combining ability. In crosses
between my hexaploid triticales I have not
found any such reductions of seed set in the
F, in comparison with the parental seed set.

Secondary octoploid triticales are also be-
ing produced from other types of crosses.
Ingold et al. (1968) have obtained secondary
octoploids by pollinating the F, of T. aesti-
vum X S. cereale with pollen of other octo-
ploid triticales. Some 56 chromosome plants
were obtained in this backcross and still more
in successive backcrosses. This type of cross
has been also used by Vettel (1961) in the
production of secondary triticales.

Secondary hexaploid triticales have been
recovered from the segregating progenies of
the cross between octoploid and hexaploid
triticale, the cross being more easily made
when the octoploid is the mother plant
(Cauderon 1970; Miintzing 1972). Octo-
ploids can also be recovered from this cross,
but for this it is better to use the backcross
of the F, to octoploid triticale, instead of
raising the F,.

The fact that good types of secondary
hexaploids have been obtained from the
octoploid X hexaploid crosses could be due
to the existence of differences between the A
and B genomes of tetraploid wheats and the
same genomes of hexaploid wheats. The cross
octoploid X hexaploid triticale gives oppor-
tunity for recombination between the chromo-
somes of these genomes, and some recom-
binants may give a better triticale genotype
(Miintzing 1972).

In the program of triticale breeding at our
Institute we have been using crosses between
hexaploid triticale and bread wheat and more
recently crosses between hexaploid triticale
and durum wheat.
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Another interesting approach to the breed-
ing of triticale is the use of induced muta-
tions. By treatment of the seeds with X-rays
at a dosage of 16 kr, Vettel (1960) obtained
5.48% mutants in the X, progenies. The
more frequent types of visible mutations were
those of “compact ears” and “lax speltoid
ears.” Some mutants with improved seed
quality were also obtained.

For the improvement of endosperm quality
we also started an irradiation program with
the assumption that seed shrivelling in hexa-
ploid triticale could be due to an interaction
between the cytoplasm (plasmagenes) of
wheat and the rye chromosomes, and that a
destruction or mutation of the wheat plas-
magenes responsible for the unfavourable
interaction through irradiation could result in
the improvement of the endosperm quality.
Potted plants of triticale were emasculated
and immediately irradiated in a gamma field
with 1500-3000 r. After irradiation the
emasculated ears were pollinated using pollen
of sister plants of the same triticale line.
Five back-cross progenies were recovered
with smoother endosperm and the character
showed maternal influence in its inheritance
(Sanchez-Monge 1968).

The production of decaploid and tetraploid
triticales has also been attempted. The deca-
ploid was obtained by Miintzing (1956) by
crossing octoploid triticale with rye and
doubling the chromosomes of the 35-chromo-
some F,. The resulting decaploid triticale was
very unstable, lacked vigour and fertility, and
showed a tendency to revert to lower chromo-
some numbers.

Tetraploid triticales were obtained by Kro-
low (1973) in the selfed progenies of the
cross between hexaploid triticale and rye. In
the fifth selfed generation, 97% of plants had
28 chromosomes. These tetraploid triticales
have seven pairs of rye chromosomes and the
other seven pairs can be a combination of
chromosomes of the genomes A and B. The
interesting material obtained by Dr Krolow
will be evaluated in the near future.

Another possibility that we must explore in
the breeding of triticale is that of the produc-
tion of hybrid seed by means of the use of
cytoplasmic male sterility. It is likely that

triticale is more suitable material than wheat
for hybrid seed production because pollen
production is more abundant and the sterile
flowers remain more open for a longer time
in triticale than in wheat. The experiments of
D’Souza (1972) showed that rye, triticale,
and secalotricum (triticale with rye cyto-
plasm) have bigger stigmas than wheat and
longer stigma receptivity. In unfavourable
conditions of high temperature and low rela-
tive humidity the reduction in the duration of
stigma receptivity was less drastic in triticale
than in wheat.

The transference of triticale chromosomes
to different male-sterilizing cytoplasms has
been through back-crosses, using as female
parents alloplasmic hexaploid and tetraploid
wheats with the cytoplasms of Aegilops ovata,
Ae. caudata, and Triticum Timopheevi. For
the production of hexaploid triticale with rye
cytoplasm, a variety of tetraploid rye was
used as female parent (Table 1). No triticale
line with rye cytoplasm has yet been obtained
that breeds true for male-sterility. Some fer-
tile lines with rye cytoplasm do not compare
favourably with their counterparts with wheat
cytoplasm (Table 2). The cytoplasms of Ae.
ovata, Ae. caudata, and T. Timopheevi are
strongly male-sterilizing as far as the hexa-
ploid triticales in our first trials are concerned,
and could be used for hybrid seed production
if satisfactory restorers can be found. The
cytoplasm of Ae. caudata is probably the least
useful because lower seed set values are
always obtained.

Octoploid triticales with rye cytoplasm
(secalotricum) compared with the ones ob-
tained in reciprocal crosses by Smutkupt
(1968) who found longer ears and culms
with rye cytoplasm, but did not consider the
identity of the nuclear genotype in the com-
pared lines.

Some Results and Actual Problems

The Swedish octoploid triticales produced
by Prof Miintzing and coworkers (Miintzing
1972) have reached yields closely approxi-
mating those of the hexaploid wheats used for
comparison. The bigger kernels of triticale
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TasLE 1. Types of substitution backcrosses.2

Secale cereale 4n x Triticale® (b = 7)

(Aegilops ovata X Triticum aestivum®) X Triticale®” (b = 11, b" = 6)

[(Ae. ovata X T. dicoccum®) X T. turgidum?®’] X Triticale®” (b = 8, b’ = 4, b” = 2)
(Ae. caudata X T. aestivum®) X Triticalet’ (b = 12, b’ = 4)

[(Ae. caudata X T. aestivumb) X T. turgidum?®] X Triticalet” (b =7, b’ =4, b” = 2)
(T. timopheevi X T. aestivum®) X Triticale®? (b = 16, b’ = 4)

(T. timopheevi X T. turgidum®) X Triticale?” (b = 12, b" = 3)

a b, b’, and b” are the number of backcrosses in the material of INIA.

TABLE 2. Comparison for agronomic characters between triticale lines with wheat and rye cytoplasm.

Wheat vs. rye cytoplasm

Character

Line JM-130

Line JM-135

Plant height

Tillering

Maturity date
Ears/plant
Spikelets/ear

Flower fertility

1000 kernels weight
Kernel protein content
Grain yield per ha
Protein per ha

5% higher*
32% higher*
Identical

56% higher**
5.5% higher*
2.9% lower
10.7% lower**
8.4% higher*
42.8% higher*
54.8% higher

4% higher*
21% higher*
Identical

39% higher**
0.9% higher
5.8% higher
3.2% lower*
6.3% lower
43.6% higher*
34.6% higher

*Significant at the 5% level.
**Significant at the 1% level.

compensate for the lower seed setting. The
seed quality of some lines is also as good as
in the wheats and the crude protein content
is always higher in triticale than in wheat.

In Switzerland Ingold et al. (1968) ob-
tained triticale lines with yields 78.3% that
of wheat.

Cauderon (1970) reported that in France
triticale could become a good cereal for feed
grain production either as a winter- or a
spring-sown crop, if the problem of lodging
could be solved. Yield trials in 1970 with
material of Canadian origin showed that
triticale gave the same productivity as “Mois-
son” wheat even with heavy lodging of the
triticale plots. Chemical analysis of several
lines gave crude protein contents between
17.4 and 22.1% with a lysine content of 2.6—
2.9 g per 100 g of protein.

In the United Kingdom the breeding pro-
gram for triticale at the Cambridge Plant

Breeding Institute was started only 3 years
ago (Lupton et al. 1973). The program is
aimed to the production of secondary hexa-
ploid triticales by intercrossing their own
primary types and also crossing them with
other hexaploids from ciMMYT and other
origins. Their main problems are winter-
hardiness, resistance to ergot, yellow rust,
powdery mildew, and glume blotch. They
hope to preserve in their material the resis-
tance of rye to take-all and eyespot. Resistance
to ear sprouting is also a primary need.

In Denmark Linde-Laursen (1973) has
been using octoploid triticales to transfer to
wheat the resistance of rye to Gaenmanno-
myces graminis and to powdery mildew. A
limited number of farmers have been growing
hexaploid triticale lines of Canadian origin
but the yields were inferior to those of other
cereals. Lodging in these triticale lines was
also a problem.
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In Spain we have released the hexaploid
triticale variety “Cachirulo” and several seed-
producing private companies have been buy-
ing 12-16 tons of foundation seed from us
over the last years. It is difficult, however, to
give an estimate of the acreage planted in our
country because the seed companies keep the
figures of seed multiplication and sales to
themselves. With the variety Cachirulo we
have no disease problems, although 2 years
ago we did detect a small infection with ergot
in one field near Madrid. Our variety Cachi-
rulo is, however, far from perfect. It is too
tall and can become lodged in rainy years.
Also it is a little difficult to thresh. As good
attributes we can mention its high fertility
and the high protein content of its kernels.
The figures obtained by chemical analysis
fluctuate between 16 and 25.2% protein de-
pending on maturation conditions, soil type,
and fertilization. The average of many trials
all over Spain is 20%. The lysine content per
100 g of protein was 3.75 g for a sample with
18.4% protein and 3 g for another with
20.1% protein.

Our present program aims at a reduction
in height without loss of fertility, protein, or
disease resistance, and also an improvement
in the ease of threshing. As donors for short
culm character, we have been using a recom-
bination of two different mutants: one ob-
tained after irradiation in our own material,
and the other isolated in a segregating
population that was sent to us by Prof B. C.
Jenkins. The material received from CIMMYT
has been also used in the last 2 years.

Utilization

I am convinced that triticale has a great
future as an agricultural crop. It can be used
in different ways, but seems specially useful
for the production of grain for animal feed-
ing. Two years ago we sent samples of 0.5
kg to more than 400 factories that make
animal feeds, and that were distributed all
over Spain, asking them to make their own
chemical analysis and give an opinion. This
was unanimously favourable and they are
interested in the use of this cereal and in the

manufacture of animal feeds. It two cases the
people in the factories did not read the circu-
lar letter accompanying the sample carefully
and as a result we received orders for several
thousand quintals of the crop.

Some experiments have been also carried
out at our Institute regarding the utilization
of triticale. In one experiment on the feeding
of meat poultry (Carballo et al. 1970), based
on making isocaloric and isoproteic rations,
it appeared that it was possible to use triticale
to replace high protein corn in the diet.

Triticale can be used for bread making if
special techniques are used and if a protein-
rich bread is desired. In another experiment
at our institute (Garcia-Olmedo et al. 1970)
different products from triticale grain were
obtained by experimental milling. The variety
used was Cachirulo with 20.8% protein. One
of the fractions of shorts obtained (23.9% of
the total) contained 25.4% protein. The
Buhler flour (63.0%) contained 18.3% pro-
tein and by mixing 20% of this flour with
80% of the standard flour used in the bread
factories of Madrid, the quality of the bread
and, of course, its protein content were highly
improved.

Triticale can be used also for silage and the
preliminary experiments we have made have
given a good product. It can also be used as
green forage, as some experiments at the
Cambridge Plant Breeding Institute (Rogers
and Webb 1972) have shown. In 1971 they
obtained 19.4 tons per hectare of dry matter
containing 37.5% soluble carbohydrates with
a digestibility of 56.5%.

References

AUFHAMMER, G., G. FISCHBECK, AND R. SCHNEI-
DER. 1961. Ergbebnisse von Versuchen zur
Verbesserung der Fertilitit von Weigen-Rog-
gen-Bastarden (Triticale). Z. Pflanzenziichtg.
45: 212-224.

BELL, G. H. D. 1950. Investigations in the
Triticinae 1. Colchicine techniques for chromo-
some doubling in interspecific and intergeneric
hybridization. J. Agric. Sci. 40: 9-18.

CarBALLO, J., J. M. Cip, aAND L. ORTIN. 1970.
Contribucion al estudio de cereales de elevado
contenido proteico. 1. Primeros ensayos del



38 IDRC-024e

Triticale “Cachirulo” en la alimentacién de
aves. Bol. INIA 30: 183-194.

CAUDERON, Y. 1970. Triticale. Rep. Group.
Trav. “Cereales” Eucarpia. 19 pp.

CAUDERON, Y., AND B. SAIGNE. 1961. Obtention
d’amphidiploides a partir de F (Triticum
aestivum X Secale cereale). Ann. Amelior.
Plantes 11: 369-373.

DERENNE, P. 1960. La transplantation embryon-
naire chez les céréales. Rev. Agric. 13: 124—
125:

D'Souza, L. 1972. A comparative study of the
size and receptivity of the stigma of wheat,
rye, Triticale and Secalotricum. Z. Pflanzen-
ziichtg. 68: 73-82.

GARCiA-OLMEDO, F., J. M. VALLEJO, AND S. DE
LA PLaza. 1970. Milleria and utilization of
hexaploid Triticale. Proc. V World Congr.
Cereals Bread 3: 183-187.

INcoLDp, M., E. OeHLER, AND G. A. NOGLER.
1968. Untersuchungen iiber Entstehung, Fer-
tilitit, Morphologie und agronomische Wes-
teigenschaften neuer Oktoploider Triticale-
Stamme. Z. Pflanzenziichtg. 60: 41-88.

Krorow, K. D. 1962. Aneuploidie und Fertili-
tit bei amphidiploiden Weizen-Roggen-Bastar-
den (Triticale). 1. Aneuploidie un Selektion
auf Fertilitit bei oktoploiden Triticale-Formen.
Z. Pflanzenziichtg. 48: 177-196.

1963. Aneuploidie un Fertilitit bei amphi-
diploiden Weizen-Roggen-Bastarden (Triticale).
II. Aneuploidie — und Fertilititsuntersuchun-
gen an einer oktoploiden Triticale-Form mit
starker Abregulierungstendenz. Z. Pflanzen-
ziichtg. 49: 210-242.

1964. Kreuzungen zwischen tetraploiden
Weizen der Emmerreihe un 4n-bzw. 2n-Rog-
gen in Verbindung mit Embryotransplantatio-
nen. Z. Pflanzenziichtg. 51: 21-46.

1966. Aneuploidie und Fertilitit bei amphi-
diploiden Weizen-Roggen-Bastarden ( Triticale).
111. Aneuploidie, Fertilitits und Halmlédngenun-
tersuchungen an hexaploiden Triticale-Stam-
men. Z. Pflanzenziichtg. 55: 105-138.

1969. Cytologische Untersuchungen an
Kyeuzungen zwischen 8x und 6x Triticale.
II. Untersuchungen an F2-(Meiosis), Fﬂ- und
F4- Pflanzen. Z. Pflanzenziichtg. 62: 311-342.

1970. Untersuchungen iiber die Kreuzbar-
keit zwischen Weizen un Roggen. Z. Pflanzen-
ziichtg. 64: 44-72.

1973. The importance of 4x Triticale for
the breeding work of Triticale. Comm. Eucar-
pia Symp. Breed. Triticale.

LEIN, A. 1943. Die genetische Grundlage der
Kreuzbarkeit zwischen Weizen un Roggen. Z.
Ind. Abst. Vererbungsl. 81: 28-61.

LINDE-LAURSEN, I. B. 1973. Chromosome doub-
ling of wheat-rye hybrids. Comm. Eucarpia
Symp. Breed. Triticale.

LuptoN, F. G. H.,, M. D. KENNETT, AND R. S.
GREGORY. 1973. Triticale investigations at
Cambridge. Comm. Eucarpia Symp. Breed.
Triticale.

MUNTZING, A. 1939. Studies on the properties
and the ways of production of rye-wheat
amphiploids. Hereditas 25: 387-430.

1956. Cytogenetic studies in ryewheat (Tri-
ticale). Proc. Int. Genet. Symp. 1956: 51-56.

1963. Some recent results from breeding
work with rye-wheat. Svalof 1946-1961: 167-
178.

1972. Experiences from work with octo-
ploid and hexaploid ryewheat (Triticale). Biol.
Zbl. 91: 69-80.

Pieritz, W. J. 1966. Untersuchungen iiber die
Ursachen der Aneuploidie bei amphiploiden
Weigen-Roggen-Bastarden un iiber die Funk-
tionsfahigkeit ihrer minnlichen un weiblichen
Gameten. Z. Pflanzenziichtg. 56: 27-69.

RILEY, R., AND V. CHAPMAN. 1957. The com-
parison of wheat-rye and wheat-Aegilops am-
phidiploids. J. Agric. Sci. 49: 246-250.

1967. The inheritance in wheat of cross-
ability with rye. Genet. Res. Camb. 9: 259-
267.

RimMpau, W. 1891. Kreuzungsprodukte land-
wirthschaftlicher kulturpflanzen. Landw. Jaar-
biich. 20: 335-371.

RoGERs, H. H., AND P. J. WEBB. 1972. Grasses
breeding. Rep. Plant Breed. Inst. 1971: 111.

SANCHEZ-MONGE, E. 1956a. Studies on 42-chro-
mosome Triticale. 1. The production of the
amphiploids. An. Aula Dei 4: 191-207.

1956b. Crossability of tetraploid wheat
species with cultivated rye. W.L.S. 3: 30.

1968. Improvement of endosperm quality in
Triticale. Proc. III Int. Wheat Genet. Symp.
p. 371-372.

1969. La saga del Cachirulo. An. Aula Dei
10: 795-799.

1973. Hexaploid Triticale with different
Cytoplasms. Comm. Eucarpia Symp. Breed.
Triticale.

SANCHEZ-MONGE, E., AND O. T1jo. 1953. Note
on 42-chromosome Triticale. Proc. IX Int.
Congr. Genet. p. 748.




SANCHEZ-MONGE: TRITICALE IN W EUROPE 39

SMuTKUPT, S. 1968. Herstellung und Eigen-
schaften von Secalotricum im Vergleich mit
Triticale. Andgewandte Botan. 42: 95-118.

VETTEL, F. K. 1960a. Mutationsersuche an
Weizen-Roggenbastarden (Triticale). II. Zy-
tologische Untersuchungen und Fertilititsbes-
timmungen an Triticale Rimpau und einigen
Mutanten. Der Ziichter 30: 181-189.

1960b. Mutationsersuche an Weizen-Rog-
genbastarden (Triticale). III. Mutationsans-
18sung bei Triticale Meister und Triticale 8324.
Der Ziichter 30: 313-329.

1961. Einige Beobachtungen an Weizen (T.
aestivum)-Roggen (Secale cereale)-Kreuzun-
gen. Der Ziichter 31: 329-339.

ViLeax, E. J. 1957. Le comportement de nos
Triticales anciens et la production des Triti-
cales neufs en masse. Melhoramento 10: 67—
82.

ViLLax, E.,, M. MOTA, AND A. PONCE-DENTINHO.
1954. Dois novos Triticales. Melhoramento 7:
29-56.

WELLENSIEK, S. J. 1947. Methods for producing
Triticales. J. Hered. 38: 167-173.












