HEXAPLOID TRITICALE

Enrique Sdnchez-Honge
Bstacidn Experimental de /:1la Dei
Zaragoza, Spain (1)

and the ability of rye t0 grow on poor soils. Such a cereal would
be of great value to the Spanish regions were Tye or a rye-wheat
mixture callec "tranquillén" are the main crops. ‘
As a working hypothesis we assume that the number of 56 chromg

My intention now is to give some data obtained during the last
eight years' work of the hexsploid Triticale program at the Esta -
cidn Experimental ‘de Aula Dei, Zaragoza, Spain.

. . SOURCE
Our 42-chromosome Triticale have been nbtained from crosges
between g tgtraploid wheat as seed barent ard a population or in-
bred line of ‘rye as nollen parent. .
As seed parent we have uged indigenous as well as foreing te-
traploid wheats from the species Triticum dﬁrum, R turgidum, T.po-
lonicum, To'carthlicum, T, dicoccum, T. dicoccoides and T. timophe-
evi.
As pollen parent we used at the beginning of our work popula-
tions of cultivated rye and later on inbred rye lines selected for
vigor and self fertility. We are following the idea of Professor -
Mintzing that with this -selection in the allogamous parent the ste-
rility and lack of'vigor;due to the presence of the rye genome can

be avoided in the autogamous amphiploid.
Some of the inbred lines actually used in our ecrosses show,in
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1 Present‘address: Director Centro,dg e jora del llaiz, Instituto
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their seventh generation of inbreeding, good vigor and high sel-fer
tility even under bag isolation, reaching values higher than a 90
per cent seed setting.

It may be cof interest to point out that the inbred lines iso-
lated in a population cultivated in the S.E. of Spain show the hi-
ghest self-fertility and also greater uniformity of this character
through the seven years of selfing. In table 1 two of the best li-
nes obtained in other Spanish regions are compared with four lines
from Villarrobledo (S.E. of Spain) that show the continuity and -
high value of their geed setting under selfing.

The pooled resulis of our crosses between tetraploid wheats
and rye made curing the years 1950-1957 are shown in table 2. (The
figure in brackets is +the number of amphiploids lost by freezing
damage during the exceptional winter 1955-1956). :

The major differences in crossability with rye occur between
individual cross combinations. Although the maximun crossability
values have been obtained for a Triticum durum genotype, this is
not in my opinion an indication of greater crossability of the spe-
cies as such. It is highly probable that if a greater number of ge-
notypes of the cther six tetraploid Triticum species were tried,
some of them would give crossability values as high or higher than
those found within T. durum. ;

No relation has been found between self-fertility of the in-
bred rye lines and their ability to pollinize the tetraploid --
wheets, There are indications, however, about the exhstence of di-
fferences between rye lines reggrding such ability.

The results of Pissarev and Vinogradova (1944) confirmed by
Hall (1954) indicate an increase in the crossability of rye to he-
xaploid wheat plants obtained, .

TABLE 1.- Successive self-fertilities (per cent) in various in-
bred rye lines from Spanish populations.

"""""""""""""""""""""""""""""""""""" 5 1,  Origin

5 ... 48,6 60,7 25,6 20,1 3,1 o o 5ranada (s.)
14 ..... 82,6 66,4 78,1 59,9 70,4 67,4 Villarrobleds (S.B.)
25 «.eee 18,6 75,4 77,4 31,3 38,7 62,0 Villarrobledo (S.E.)
33 «ee.. 91,1 61,5 93,9 47,0 58,3 54,7 Villarrobledn (S.E.)
48 ..... 84,7 T4,1 91,1 93,9 67,2 47,9 Villarrobledo (8.85+)
75 «ecse 78,8 75,9 39,9 26,5 16,9 15,4 Biota (N.)
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by grafting wheat embryos on rye endosperm. We have tried the same
technique wi+th “etraploid wheats using two durum genetypes suppo-
sed to be of high and low crnssability to rye according to the re-
sults of previous years. The two controls were plants obtained af-
ter grafting durom wheat embryos on their own endosperms and were
compared with e plants obtained by grafting on rye endosperms.
All the pollinations were made with the same I5 rye line. OQur resul
ts (table 3) scem to indicate a decreasing effeoct of the graft on
the crossability with rye. Howewer, our experiment is too limiteqd
to assert that +he grafting of tetraploid wheat embryos on rye en-
dosperm is not c¢fficient enough o increase itg cerossability with
rye. '

One of the avthors already mentioned, in a later publication
(Pissarev 1956) indicatzs that the F, between two hexaploid wheats
is usually of greajger crossability to rye, than both its parents.
We have also compared <the crossability of several Fy progenies with
that of thoir parerts (4able 4) using always the same Iy rye line.
Again our results seem tobe in contradiction to those of previous

" authors. ¥From 1,377 Zflowers of the parents pollinated with the rye
line, we obutained 12 hvbrid plants, but not a single one from the
1,457 El flowers poliinated. Here a@gain I must admit that the expe-
riment is no% 12 erough Yo affirm that hoterozygosity in durum
wheat decriase its trossability with rye.
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TABLE 3 - Bffect of grafting wheat embryos °n rye endosperm on
' crossability to rye.

—— — — .—-_—.....—.——_—.._-__—-_—.-..--————-.-———-—-.-.—.-.
—_—_——=== .....—--—.~_...—._...._--—_.—-——-—-——-.—..——-—_--.—.——_

Graft Ne of Po- Ne of
1llinated B

Embryo / Endospernm Flowers Plants
Durum L.C. / Durum L. G, 780 2
Durum H.C. / Durum H. C. 528 3
Total Wheat / Wheat 1,308 5
Durum L.C. / Rye 659 X
Durum H.C. / Rye 780 0
To®l Weat / Rye 1,439 1

N e o e s o e e e o e e e v e e e T p— ——— T o e e e e e et e v
e e e e S T e ]

ow crossability
igh crossability
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TABLE 4 - Crossability to rye of Fi progenies and their parents
in durum wheat ‘

T T T ae
SESS i T =

By

(161 - 0) Enano de Jaén .... (200-0) D(195 - 1)

( (230-0) )
(178 - 1) Senatore Capelli..g (411-0) ...Andalucia 344-57(219-8)

(199-0)
(200-0)

}..Anqgluoia 344-56 (204-0)

(191 - 1).Lebrija ..........;
(217-0) +++Andalucia 344-58(199-1)

Total parents «............. (1347 - 12)
Total By cevverirnninenenns (1457 = )

—...—.——.—..-—-.—-——-——.—....—————.._—..——.—..— — — oy —
B = —_—====== t— == eSO

In the brackets the first figure gives the number nf polli-
nated flq?rs and the second the number of El plants obtained.
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CHROMOSOME EOUBLING OF THE Fi PLANTS

For the doubling af the chromosome nwaiber of the intergene-

ric hybrids, a colchicine technique reconaended by Bell (1950) hasg
been applied. One to three tillers are cus back when the F& e
plants have from four to eight tillers. These are then capped --
with an inverted glass phial filled with 0,2 to 0.3 per cent col--
chicine solution for 72 hours. The technigue proved to be effecti
ve in producing amphiploids. Out of 150 plants treated, 69 have -
produced fertile sars or ear sectors, thus giving an efficiency of
46 per cent.

MORPHOLOGICAL AND PHYSIOLOCIUAT, CIIARACTERS

In the descriptions that follow, only the first three 42-chrp
mosome Triticale types obtained have been used. These three Triti
cales come from three different wheat species: Triticum durum, T.
dicoccum and T. dicoceoides.

Morphological and physiological traits arc given in tables 5
to 7, comparing the amphiploids with theic wheat and rye parents.
All the amphiploids look much more like the wheat than like the -
rye parent.

From table 5 can be seen that the anthocyanin colors, when -
present in the wheat parent, are manifested in the amphiploid. The
neck hairiness from the rye parent is always present in the Triti-
cale, and in some cases, with greater intensity than in the rye. -
The characteristics of rachis-fracture and glume-covering of the -
kernel from dicoccum and dicoccoides wheats, behave in g different
way in the amphiploid, as this shows nakcd grain similar to the —-
rye-parent and rachis~fracture like tha wheat onc.

In table 6 the averages of certain morphological traits are
given. These averages werc obtained from 100 measurements in —-—-
plants taken at random. |

Plant height of Triticale is always grecater than in its wheat
parent, and in Triticale dicoccoides it is also greater than in -
its rye parent. Spikelct number per car is between the two, and -
the tillering, measured by the car number per mature plant, is sma
ller in Triticale than in both parents. Internode length is grea-
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ter in Triticale.

Grain weight per plant is higher in Triticale dicoccoides than
in its parents, but smaller in the other two Triticales. A thousand
kernel weight resulted between the two in Triticale durum and dicoc-
cum, and bigger than in their parents in dicoccoides.

Summing up we can say that the three Triticale types studied
show good vegetative vigor, a kind of intergenomic vegetative hete-
rosis, when compared with their parents.

The most unfavorable character in the three Triticale types is
the bad quality of the grain, which is very shriveled and lacks den
sity. The shriveling will result in a low flour yield.

Table 7 summarizes the results of three years of observations
about disease resistances, earliness and flower fertility. It is
interesting to point out that the Triticale usually shows, to a gi-
ven disease, the same degree of resistance as the more resistant pa-
rent.

The Triticales are later maturing than their parents and their
average fertility is half way between the two. :

The durum and dicoccum Triticales are autogamous, but the di-
coccoides type shows a great tendency towards allogamy, as proved
by the high proportion of spontaneous hybrids that appear in the -
progenies of plots of this Triticale grown in close vicinity with
other types.

CYTOLOGY

Cytological observations were made on the number of univalents
and the chiasma frequency at the first meiotic metaphase. The re-
sults of the observations are given in table 8 including, for the -
purpose of comparison, a 56-chromosome Triticale obtained from a -~
dry-land variety of common Spanish wheat and one of our rye lines.
From this table, I should like to cmphasize two points:

Firstly, the average number of univalents per P.M.C. is of the
same order-between 1.9 and 2.3~ for the hexaploid and for the octo-
ploid Triticale; and in second place, adding together the average
number of chiasmata per P.M.C. of the two parents, and subtracting
from this total the average number of chiasmata of the corresponding
amphiploid, figures of the same order -between 4.5 and 5.2- are ob-
tained for the hexaploid and octoploid Triticales.
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This is in accordance with the observatipns of Professor Mint-
zing that the univalents in Triticale are predominantly rye chromo-
somes. It is also and indication that the mechanism interfering -
with the formation of seven bivalents from the 14 rye chromosomes,
works with the same strength in the amphiploid with two or three
wheat genomes being present.

BREEDING

It as already been mentioned, that the most unfavorable charac-
ter in +the hexaploid Triticale is the bad formation af the grain,
which is always shriveled. This shriveling appears in the late sta-
ges of seed formation, the milky and waxy stages of this formation
being normal. Boron treatments of the plants, as recommended by --
Pissarev (1956) as a means of improving the grain quality, have not
been effective with our material.

With the Triticale types alrecady bbtained, we have started a
brecding program with the main objcctive of obtaining good grain
qQquality.

The first crmsses between differcnt types of hexaploid Tritica-
1e were made last year with an average of 32 per cent success (Fy
plants) between durum types. The Fl gencrations grown this year,
show very little heterosis. Next year we hope to obtain segregates
with better grain quality.

Some crosses have also been made between hexaploid and octa-
ploid Tri%icale, with a 46 per cent success in the dircction octo-
ploid x hexaploid, and only 0.9 per cent in the reciprocal cCross.
irosses between hexapleoid Triticale and common wheat have also been
hade this year, but figures will not be given until next year.

Mutagenic treatments have been given to samples of dry seeds

hf Triticale durum. X-ray doses between 5,000r and 20,000r wexre
riven in the laboratories of the Swedish Seed Association at Svalof,
sweden. As preliminary information, I can only give the percentages
£ eurviving plants in rclation to control (table 9), The figures

re comparable with those usually obtained with hexaploid wheat (of.

cXey 1954).

g
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TABLE 9 - Relative per cent of surviving plants of TRITICALE
DURUM with different irradiation doses

-5 =

Per cent
Control seeees oo A 100.0
5,000 T soecescenses 101.2
10,000 T ceosons e ¥ 62,9
15,000 © ccccecens S 13,2
20,000 T cceccevocnne 9.1

CONCLUSION

In my opinion hexaploid Triticale is a raw material that will
be necessary to breed, but for the moment we can't say if the prac
tiecal results we are looking for will be rcached in the near futu-
re.

In the meantime, hexaploid Triticale can be used to transfer
desirable rye genes into common wheat, by crossing. Such transfe-
rability is quite possible, and my experience in this regard with
the "Terminille" wheat will be the subject of a report to the next
International Genetics Congress in lontreal.
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DISCUSSION

SHEBESKI: I would like to ask Dr. Sanchez-llonge how many scien-—

tlots are working in Spaili on the hexaploid TPritieales.

SANCHEZ-MONGE: I'm the only one.

UNRAU: I think Professor Shebeski could rest his case here becau-

se if there were more people working on hexaploid Triticales
we would be faced with greater problems of over-production
than we have now.

MUNTZING: I think the results obtained by Sdnchez-llonge and here

at Winnipeg by Professor Shebeski are actually very encoura-
ging for the poor people trying to make something out of Tri-
ticales. This material is quite promising I must say and if
you can get rid of this seed shrivelling which is the main weak
ness you will have a new and perhaps important species of cul-
tivated plant. We therefore wish you success in your future
attempzi to improve seed qualities and yield in this important
materi

UNRAU: I should like to know exactly by what means Dr. Sanchez-Hon

ge expects to transfer genes from the rye complement to the
wheat complement? Does he visualize that it is going to be a
case of gene interchange based on homologous sections that will
result in homologous pairing and therefore a normal type of ge-
ne interchange?.

SANCHEZ-MONGE: I would say that in some cases exceptional gene in-

terchange happens. I. have one example with "Terminillo" wheat
which, as you probably know, was obtained by an Italian bree-
der, Strampelli, crossing Ricti wheat with rye and then backerpg
ssing with Rieti and he obtained a wheat which is very suita-
ble to our mountain conditions in Spain. The differences bet-
ween Terminillo wheat and Rieti wheat can be explained as an
introgression of rye genes into the Rieti wheat. The transfer
gf ryz genes inte wheat dees really happen but how it happens I
o not know.

SHANDS: I would like to ask a question regarding the fertility and

seed set in later gencrations of your hexaploid Triticales.

SANCHEZ-MONGE : Probably you have scen in one of the tables that the

fertility of the hexaploid Triticales is between the individual
rye lines sclected and the wheat. Some of the plants selected:
have a higher fertility than thc average, of course, and the
number of instances of this is quite small.

The highest fertility I would say would be about 80 or 90 per
cent in the present material.

MUNTZING: It is quite cvident that this hexaploid Tritieale has hi-

ghar fortility on the averege than the eocbypleid Tritiealgs. I
think you have secn that, Dr. Sanchez~Monge. .

SANCHEZ-MONGE : This is probably duc to the sclection of the inbred

rye lines.
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nal positiong or would it OCCupy exigti
tivation?, .

SANCHEZ-MONGE: The main'objcct of our work is to get a plant that
will OCCupy margina] area

8 of orop Preduction, If I can get some
types with g0ed grain Quality I ap sure that they can occupy
he rye lands of Spain, :

MACKEY: T understang that the material that you discussegd in your
Paper is to pe considered more or less ag Taw material for futy
Te breeding work. I ap interesteqg to Know ehether your conti-
nued program Wwill inelugde straighy oros T convergent
crosses ag welj, I would guess that the latter method woulq be
very helpful. By convergent Cressing the Various geneg will be
brought together in a melting pet, from whioh well-balanceq ge
notypes are more likely to come out,

SANCHEZ-MONGE: Yes, you are right,



















