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CIMMYT TRITICALE PROGRAl\I 

Progress Report 1976 

BRIEF HISTORICAL REVIEW 

One hundred years ago a Sctosman named 'Wilson reported 
having produced a sterile hybrid between wheat and rye. Fifteen 
years later the German scientist Rimpau obtained a few seeds · 
from a similar hyb!·id which developed J:3.rtially fertile plants and 
was later proved to be the first true triticale. In the mid 1930' s 
Dr. Muntzing in Sweden, and Lindshau and Eler in Russia deter
mine cytologically that Rimpau' s hybrid had twice the chromosome 
number of the initial wheat-rye hybrid and was an amphiploid 
(2n = 56 ). The name triticale resulted from a suggestion made 
by Tchermak and published by Eler to designate wheat x rye 
amphiploid s. 

/<;j) Triticale remained a laboratory curiosity until Dr. J .O'Mara 
(1948) at Missouri brought together all the techniques necessary to 
create wheat -ry~ euuphiploids by culturing hybrid embryos and 
doubling the chromosome number with colchicine. This technique 
made possible the production of hexaploid triticales from crosses 

....__between durum wheat and rye~ O'Mara' s primary hexaploid triti -
cale between Stew·art durum and Prolific rye has been used in 
breeding and research programs around the world. 

Extensive research on triticale has been underway con -
tinously at the Genetics Institute in Lund S;vcdcn under Dr. Arne 

~ . 

Muntzing since the early 1930 and has contributed greatl.-r to the 
fundamental knowledge of' the crop. Only a token breeding pro -
gram was maintained at this Institute. An excellent historical 
l'eview of triticale by Dr.Arne ::VIuntzing was published in the 
Proceedings of the International Triticale Symposium at El Batan, 
1973. 

The first major program to develop triticale as a commer
cial crop was initiated by Dr. Arpad Kiss of Hungary in the early 
1950's • The first commercial triticale varieties, T.No. -57 and 
T. No. 64, were released from this program in 1968. In Russia 
considerable research on triticale was carried out under Dr. Meis
ter and continued by Levitsky and Lebedeff until the late 193 0' s 
when Lysenko became the dominant influence in biological 
research in Russia. Pessarev and Shulyndin rekindled interest 
in triticale in the mid 1950' s after the influence of Lysenko 
diminished. A large breeding program is now in progress at the 
Kharkov Experiment Station under Dr. Shulyndin and it is assumed 
that a variety was released for commercial production about 1974. 



Dr.Sanchez-i\1onge at the University of Madrid introduced 
triticale research following his graduate studies at the University 
of Lund with Dr. Arne Muntzing. The program served to provide 
a source of cytological research and a plant breeding program. 
The first triticale variety "Cachirulo'' was released for commer
cial production from this program in 1970. 

Prof. L. H. Shebeski, University of Manitoba initiated the 
first major triticale improvement program in North America. 
Breeding work was started in 1954 with Dr. J?. Chas Jenkins as 
program leader. In 1966 Dr. Jenkins left the University of Mani
toba to continue triticale breeding at Salinas California. The 
breeding· program at the University of Manitoba has continued 
under the Direction of Dr. Ed. Larter. 

Rosner, the first triticale variety from the University of 
Manitoba program was released in 1970. 

Dr. N. E. Borlaug introduced triticale breeding to Mexico. 
In 1964, a cooperative arrangement fo:~ triticale improvement was 
established between the University of Manitoba and the Office of 
Special Studies in Mexico {later CIMMYT) and was initially funded 
by The Rockefeller Foundation. In 1971 the Government oi 
Canada assumed the funding of an expanded program through 
C.I.D.A. and administered by I.D.R.C. 

The triticale improvement program at CIMMYT took on a 
full crop status in 1968 and has continued to expand. Since then 
additional lee:h11kal ::;Laff ha::; been added to bul.ster bre1=:,ding • 
embryo culture and cytology , agronomy and plant pathology. 
Research and development of triticale has been recorded in the 
CIMMYT annual progress reports, CII\Il\1YT research bulletins 
17 and 24, in the Proceedings of the International Triticale 
Symposium 1973, and as papers in various scientific journals. 
An updated review on triticaie improvement was produced in a 
semi-popular form by Antony \Volf and Steve Breth in Cii\l J.\1YT 
Today No. 5, 1976 entitled 11 \Vheat x Rye = Triticale". '( See 
Attachment 1. ) 
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II HIGHLIGHTS IN TRITICALE IMPROVE;\1ENT AND RESEARCH 
DURlliG .THE LAST DECADE 

1968-Mexico Armadillo strains from cross X308 with high 
fertility, one dwarfing gene from Norin 10, good 
vigor and disease resistance. It has become the 
major source of fertility and daylength insensitivity 
to spring type triticales around the world. 

1968-70. The release of commercial varieties Hungary -
Triticale No. 57 and 64 by Dr. A. Kiss were the 
first varieties of winter triticale to be released for 
commercial production. 
United States - 6TA 204 and 6TA 208 etc. released 
by D. Chas Jenkins , Salinas California became the 
basis of varieties such as Fasgro, Graze grain etc. 
produced commercially in Southern U.S.A. 
Canada· Rosner - developed at the University of 
Man:itoba was the first triticale variety to be ._·eleased 
in Canada. 
Spain - Cachirulo - developed by Dr. Sanchez-Monge 
at the University of l'v1adrid. The first variety of 
winter triticale released in Spain. 

1971-Mexico Cross X2802 (Inia x rye)2 x Armadillo, from 
which a nUJ.-nber of short high-yielding, lodging and 
d ·seas- res~-t .... -- .... -..L'""'!-.:-- ,'!r.:+i.. h-o~,. a,.;..,,'t""\.,_"t.;I""\~ C',,,.....n 1 ~ J.::. d.Ut. 0::,L.1. Gl..1.11~ >YJ.1.U UJ. au. -......_y~..._~ ... ~u ~~~·• 

as Cinnamon, Yoreme, Navojoa and Arabian were 
selected. 

1972-Hungary- The development of a triple dwarf winter triticale 
named Bokolo by Dr. Arp~L. Kiss at Kecskemet Hungary. 
The dwarfing genes were from the bread wheat variety 
Tom Thmnb. It has not become a major commercial variety 
because of infertility but it is important as a progenitor 
for dwarfing genes in many breeding programs. 

1973-Canada - Chromosome substitutions in triticale.Dr. Perry 
anci~~Mexico Gustafson reported that a pair of wheat chromosomes 

from the D. genome (2D) had substituted for a pair 
of rye chromosomes, in the Armadillo strain of 
triticale. This discovery led to research on 
improving chromosome staining techniques by'Dr. ::\Ier
ker and other researchers, ·using modifications of the 
.GIEMSA staining technique, Dr. l\Ierker identified 
derivatives of triticale x \Vheat crosses which pos -
sesse<l a number of different chromosome substi-

3 



tutions. This \vork has had a highly stimulating 
effect towards further cytological research on 
chromosome substitutions. 

1973-Russia - USA - Mexico Triticale Symposia. 
International symposia in Leningrad Russia;Lubbock, 
Texas; El Batan, l\Iexico and St. Louis, Missouri, 
brought together scientists interested in triticale 
development from around the world. The exchange of 
ideas, and material, and the willingness to cooperate 
stimulated by personal contact at these meetings must 
be considered a milestone towards furthering the 
development of triticale as a cultivated crop. 

19 73-USA - The establishment of an integrated triticale 
industry in Texas under Chas Briggs. The industry is 
wholely integrated from the development of varieties 
(M 72 a facultative spring triticale ), the production of 
seed and of grain to the manufacture and distribution of 
foods such as cake & pancake mix, doughnuts and bre~d 
in the food markets. 

1973-USA- The development of frost-tolerance triticale strains 
. at the University of Michigan by Dr. Fred Elliot. 
These strains have sufficient winter hardiness to sur
vive winter temperatures in Northern. USA and Eastern 
Canada, and sufficient disease resistance to ~ urvive 
rust, bacteria and other disease infestations in the 
Toluca winter nursery. This material h2..s been a 
prime source of genes for winter hardiness and 
disease resistance in the Cil\Ii\lYT winter triticale 
pro~ram. 

1974-USA- Winter types strains having plump seed of high 
test weight and good resistance to lodging were 
screened from segregating populations of spring x 
winter crosses by Dr. Bob I\ietzger at Corvallis, 
Oregon; Some of these lines have good milling_ and 
baking characteristics. 

1974-Mexico- "Beagle, a high yielding, lodging resistant strain 
of triticale was included in the ITYN trials for the 
first timel' Results from international trials indicate 
that this strain has broad adaptation and resistance 
to bird damage. Beagle wa~ selected from the cross 
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X1530A 1 U. of M. "S11 x Armadillo. 

1975-International - Cooperators from many areas of the world 
are becoming interested in triticale as a possible 
commercial crop for many areas of the world. 
Results from International Yield trials indicate that 
some triticale lines are as productive as the best 
bread wheats and durums at most of the locations 
where the tests are grown. 

III TRITICALE IMPROVEi\1El\TT IN MEXICO 

In the first progress report on triticale improvement at 
CIMMYT {1971) our research objectives were described as 

follows: 

- To correct .infertility problems and in1prove yield; 
- overcome endosperm shrivelling and improve test weight; 
- introduce early maturity and daylength insensitivity; 
- introduce dwarfing genes; 
- widen the zone of adaptation; 
- and broaden the spectrum oi disease resistance. 

It wonlci be useful at thjs time to review our proeress in 
each of tnese research objectives and comment on the 
possibilities to' overcome problems which still exist. 

A. Infertility: 

1. The major hurdle of floret sterility was overcome with 
the isolation of Armadillo from the cross X3 08. All advanc1ed 
strains of hexaploid triticale in the cr;\'lMYT program have had 
Armadillo or a derivative of Armadillo as a progenitor. 1\Iore 
recent improvements have resulted from introducing more seeds 
per spikelet or by increasing the number of spikelets per spike 
into the crossing progran1. High yielding strains such as Beagle 
and DRIRA have long spikes. The overall ilnprovement in yield 
potential of triticale is indicated in Fig. 1 which compares the 
yields of the top varieties of triticale and bread wheat grown 
under tests in Sonora. Grain yields and test weights of some of 
the high producing lines of triticale tested in CIANO in 19 75- 76 
cycle are listed in Table 1. 
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6 
TAULE 1. 

AND \<.'HEilT c1:r:i:.Ks OUR rnG Y75-76 

PJiNK · ltNE OR VM\IETY Meiln No. of Test \, t. Grain 
YI~ Id. Tri a.1 s kg/h1 1-5 * 
_k~/ha 

1. Mapachc 7987 3 69.8 3 

2. ORI Rf-\ i89D l 6~:l. 2 3+ 

3. M2A2 XC266-H~4Y-2M-1Y-OY 7728 1 66.1 . 2+ 

*X 4. M A2 
2 X826G-B-6Y-1M-2Y-OY 7684 1 72 .1 )+ 

s. Llnce 7613 5 70.5 3+ 

x 6. M2A-f RA X8417-E-1Y-7M-3Y-OY 7598 1 70.2 3+ 

vx 1. M1A X2148-5tl-2M-3Y-2M,..QY 7575 1. 72.3 3 

8. :Beagle 11S11 7572 1 67.0 3: 107.Bp .. 
9~ lf~2 X8319-A-3Y-1M-1M~OY 7486 2 72.2 ~++ 

"' 

10. lti-But k E2 Xi1055-A-1 M-1Y-OY 71}49 i 70.6 3+ 

11. M2A-IRA XS229-D-3Y-2H-2Y-OM 7437 1 68.6 3 ·tr BP 

12. Kla"S" x2091.:.100Y-1018-2Y-2H 
·3Y-lM-OY 7371 3 70.6 ·3+ tr BP 

13. Hext ca 1 i 75 . 7179 14· Range:6903-7669 

14. Jupateco 73 6868 29 Range:6287-7298 

15. Sf ete Cerros 6609 29 R~nge: 6o!~-4- 72 72 

16. Cocorlt 6250 15 Range:S758-6835 

17. Cinnamon 5774 .29 Range:5292-6252 

* 1 "Po~r; 5 Lest 

x Harked for Prel. Mu 1 t i p 1 i cat ton 



2. There has been a continuous improvement in grain 
yield among triticale strains each year since 1968. However, the 
rate of advance has slackened to approximately that of the best 
bread wheats during the past 3 seasons. 

B. Endosperm Shrivelling: 

Progress on improving test weight and reducing endosperm 
shrivelling has been considerably slower than on improving yield. 
Lines having test weights between 72 and 76 kilograms per hectare 
have been obtained since 1973 but it has beeri difficult to transfer 
this improved grain quality to the progeny. Even when different 
strains with good test weight are crossed very few of the progeny 
retain high test weight. In previous years many of the lines having 
good seed type were agronomically unsuitable, usually too suscepti
ble to lodging or low yield potential. This has gradually improved. 
Some of the lines having good seed type and high yield potential 
are listed on Table 2. Even the best triticale strains are 6 to 
8 kilos below the best wheats in test weight. It may not be 
necessary to have test y;eights equal to wheat for good industrial 
quality, particularly when whole grain flour is required. 

C. Earliness 

Breeding for early maturity appeared to be a relatively 
simple breeding procedure among the tall to normal height strains. 
The first early maturity genes were obtained in the Armadillo selec
tions. A further improvement in earliness was obtained among the 
progeny of crosses between amphiploids of (Inia ~r. Rye) x Arm<'liliJlo 
or among progenies of direct crosses between Inia x Armadillo. 
Complications arose in attempting to select for early maturity 
among dwarf plants equivalent to 2 gene dwarfs in wheat. Nearly 
all of the dwarf plants were later maturing. l\'Iost of the high 
yielding strains isolated from the program are later maturing than 
the bread wheats. It is difficult to combine high yield, dwarfing, 
and early maturity. 

D. Dwarfing and Lodging Resistance 

Two approaches were used to overcome lodging ih triticale: 
1) by introducing dwarfing genes; 2) by increasing straw strength, 
or a combination of the two. In 1968 a dwarf but rather sterile 
triticale strain Ul\l 940 was used extensively for about two years 
in the crossing program. Dwarf strains were easily isolated from 
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TABLE 2. SELECTED TRITIC~LE LINES ~ITH GOOD SEED TYPE ~NO THEIR YIELD-
ING hBILITY iND TEST ~ElG~T. (Y75-76) 

PC # Yield Check Test Wt. GraJn type 
kg/ha . kg/ha kg/hi' - 1' •. 5 *" 

38 IA-IRA X1120]-6M-100Y-OY 6581 6788 Mex 76.3 . 4++ 

54 (Pj - Po1ko)Arm"S" 61o4 6966 ]C 76.0 4++ 

71 IA - IRA X11202-7M-2Y-OY 6353 6966 7:., 75.1 4+ 

106 x Maya - Arm11 S11 6879 6763 7C 76.7 4+++ 

108 Maya - Arm"S" 7000 6763 7c 74. 7 4++ 

231 *X Kla-IA X8814-B-1Y-5H-1Y-OY 7269 7570 I-lex 70 .. 3 4+ 

293 M2A2 X8266H-1Y-3M-3Y-OY 6312 6889 Bcm 73.8 4+ 
. 

303 -1.-kX IRA·Cml X8346!3-1Y-1M-1Y-OY 6929 6889 Bcm 76.o 4++ 

3s::~ ..,., IRA-M2A X12055-A-lH-2Y~CY 6692 7064 Hex 73. 7 4+ 

416 IRA-Cml X8299~B-3Y-1M~1Y-OY 6003 7116 Bg ! 75.4 4++ 

456 M2A-IRA xs229-0-3Y-1M-1Y-OY 7071 6903 Hex 75.0 4++ 

519 Kla-Cin x Cin-UM9402 X114i,9-f·- 6111 6753 Jun 75.4 4 
I 

lM-lOOY-OY 

522 M~A~Cml X8210-A-2Y-21~1Y-OY 6259 ""'5"' I 7r:. • !~+ ' h I < ~ ff" . ,., .. : 
L 

_, .,, --.... 

568 Chapa la-Snoopy 6581 7179 Jup 75.3 4++ 

574 x IRA-Cal Xl4600-1Y-OB 7279 7179 Jup 75.4 4++ 

576 Mt 11!6- ICA 6350 7119 Jup 73.4 4++ 

612 Octo Bulk-Bush X7233-32M-3Y-2H- 7592· 7251 Jup 72.6 3++ 
OY 

' 
620 IRA2 X83 l 9-A-3Y- Ht-OY 7402 7251 Jup 72.2 3++ 

648 IA-bush X7254-2SM-1Y-OH 7195 7706 Bgl 73.6 4 

651 H1A X2148-4H-2M-2Y·1H-OY 7397 7301 691 73.6 4 

79 ± x M2A-Canadn X8208-G·1 Y-2M-3Y-OY 7050 6862 Mex 10.7 3+ 

113 l11A X2148-5~-2M-3Y-2M-OY 7575 6862 M!!x 72.3 3 

188 M A-Kla x Gv X14930-3Y-1H-OY 11eo 7479 Bcm 69.4 3++ trOP 
2 . 

367 Hu.;im:;n t l" Se I 7116 6765 ;c 73.5 4 
'F 1 Poor; 5 Best - X Harked for Pre~. Hultiplic:?ticn 



the progeny of dwarf UM 940 x Normal hybrids but all of the 
dwarfs were insufficiently fertile to be productive. Dwarfing 
genes from wheats having Norin 10 genes were more useful but 
were not as effective in reducing plant height in triticale. The 
single gene dwarfs ( Armadillo} and two gene dwarfs (Cinnamon} 
are considerably taller than single gene and two gene dwarfs in 
bread wheat. Three gene dwarfs (Norin 10 type ) have been 
obtained (Bunny etc.} but are not sufficiently fertile to be com-, 
petitive with the two .gene types. Dwarfing in rye (Snoopy} was 
isolated in 1970 but this source has not been as useful in reducing 
plant height in triticale as it is in the rye. There appears to be 
difficulty in isolating vigorous, fertile dwarfs among progenies 
possessing Snoopy as a progenitor. Triticale dwarfs possesing 
dwarfing genes from Tom Thumb were obtained from Dr. Kiss -
Hungary. A winter variety Bokolo, has been used exten~ively 
as a parent in crosses in recent years. Sterility among the 
dwarf progeny is nearly always present. Some uniform dwarfs 
derived from Bokolo crosses havi::g good fertility have recently 

. been isolated among the winter type triticales. 

Our greatest success in overcoming lodging resistance has 
been in combining straw strenght with dwarfing. The most recent 
normal height strain with good lodging resistance has been Beagle 
selected from cross Xi530. This strain has been cros~e<l exten
si~ely with two gene dwarfs in an attempt to further improve straw 
strength and maintain high yield and eariy maturity. The best 
high yielding strains in the triticale program have height, maturity 
and yield characteristics of the bread wheat variety Jupateco in 
the Yaqui Valley of Mexico • 

. E. Daylength Response 

Daylength insensitivity was introduced into triticales from 
the Mexican bread wheats. The two most frequently used progen -
itors for this characteristic were Armadillo (RB#l 7 1971) and Inia 
via (Inia x Rye}2 octoploids. Most of the Cil\E\IYT triticales 
develop normally in the cooler regions of the subtropics. However 
in the higher latitudes they tend to enter the flowering stage_ too 
rapidly similar to Sonora 64 bread wheat, and fail to develop 
tillers in sufficient numbers to produce high yields. In cooper a -
tion with breeders in high latitude zones (Winnipeg) and inter 
mediate latitudes (Tulelake} a broader spectrum of daylcngth 
sensitivity has been introduced into the triticale program. 
A broader zone of adaptation has been achieved as indicated 
in the section on Internation:il Nurseries. 
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F. Protein and Industrial Quality 

1. Protein Quality. Considerable research efforthas 
been devoted to protein and industrial quality in triticale by:. ___ _ 
Qr. Evangelina Villegas and Arnpld a ince 1968. he 
'i§o!ationof-·highly fertife--mo;e productive strains w1 igher 
test weight s·~ch as Ar.1.nadillo resulted in a drop in ·percent 
protein from 1'7. 5% in 195J-6~ to 14. 9% in 1969-70. It was 
not possible to maintain very high protein levels (over 1 7%) 
among the high yielding strains. The level of protein c,ontent 
in the triticales tended to drop as the yield potential increased 
until 1973 season. At estimated yield levels approaching 6 
tons~-p~;·-hecfare under irrigation in Sonora the average protein 
content was determined at between 12. 5 and 13. 0%. Yields have 
continued to improve bu,t the protein content has remained rela -
tively stable at approximate 13% during the last three seasons. 
Although the level ·of protein in the grain has dropped the pro -
duction of protein per hectare by triticale has increased steadily. 

Another encouraging development has been the 
improvement in protein quality. Lysiae is the first limiting 
amino acid in triti~ale as it is in most other cereals. Increases 
in lysine content in the protein improves nutritional quality of the 
grmn. The proportion cf lysine in the protein has tended to 
increase steadily since 1968. The average % lysine in the 

P..---te.:-. .: ...... 10C!O_co -""" .. -.."'"' •":7rt.r\ 'l o? ----.:-- .r ....................... I) c::.c ,, ... .., C")O .a..J .J..L-.l .LJ.A. ,.L"""VV vv "-"4V}J \YO..U ..,.vu J.0.1J..t-;J.LJ.,b .L.l.VJ..J..L .;.,.vv \.V '-'•&.JV. 

Lysine content on 2381 determinations made in 1973 ranged 
bet\veen 2. 6% and 3. 9% with an average of 3. 4% • 
The average of lysine in the 1975-76 crop 'seaso11 was 3. 43% 
ranging between 3.21 and 3.83. 

2. Industrial Quality During the last three years 
884 triticale lines were evaluated for different industrial quality 
characteristics. These lines were selected for higher yield and 
higher test weight. 

In 1~74 over 75 percent of the 122 lines tested had a test 
weight of 70 kgs. /Hl. or more, while in 1976, 81 percent of the 
264 lines had test weight of 70 kgs. /HI. or more. As the mate
rial has been selected for higher test weight and better plumpness 
of the grain, the flour yield has increased. 

In 1974 and 1975 , Triticale tested at CI1\ll\1YT had a flour 
yield of 53 to 6 9 percent , and in 1976 even when the range of 
flour yield was from 52. 2 to 71. 7, only 5 percent of the 468 
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samples tested had a flour yield lower than 60 percent. 

Baking tests were conducted with Triticale flour using a 
low fermentation period, and in 1975 and 1976 a high number of 
Triticale lines had bread loaf volumes up to 700 C. C. in compar
ison with the bread wheat Yecora that had a loaf volume of 765 
c.c. 

The Triticale flour was used for making tortillas, the 
results obtained were quite satisfactory and similar character -
istics were observed in wheat and triticale tortillas. 

Some triticale lines provide flour that is better for cookies 
than the soft bread wheat used for making this product. (Fig. 2) 
Triticale meals were used in making chapatis, and they keep moist. 
longer than those made from bread wheat flour. 

The l 974 .to 1976 results indicate that the potentiai 
use of Triticale is in the production of chapatis, (Fig. 3 } 
cookies and tortillas, and so1n~ type:'.' of bread other than sand
wich· bread. 

With the quality data obtained during the last three years, 
lines with outstanding quality characteristics have been selected 
and incorporated in the crossing block to improve the industrial 
quality of the future lines. 

G. Disease Occurrence on Triticale iii Mexico and Worldwide 

1. Yaqui 75-76. - Triticale highly resistant to both rusts 
present in Yaqui Valley, i.e., leaf rust and stem rust. Hmvever • 
leaf rust resistance seems to be less stable. Spring x winter F2 
material were affected to a small degree by bacterial leaf blights 
caused by Xanthomonas translucens. 

2. El Batan and Toluca 76. - Principal rust occurring on 
triticale in breeding material at El Bo.tan and Toluca was leaf rust. 
High levels of inoculum of all three rusts were present,· hO\Yever, 
Triticale retains excellent resistance to stem rust and yellow rust. 
Barley yellow dwarf virus was present at Toluca and El Batan 
but not sufficiently to make selections for resistance. \Yinter 
planted Triticale was affected severly by bacterial leaf blight, 
caused by Xn. transluccns and possibly other bacteria... Probable 
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resistant materials were selected. Fusarium nivale, the "Snow 
. Mold" causing organism was present ·in epidemic proportion on 
Triticale in Toluca and little resistance was noted. The Head 
Scab stage may become a serious problem at Toluca and make the 
procurement of good seed difficult without fungicidal control of 
this disease. 

Certain triticale are affected by a series of necrotic 
flecking symptoms on the leaves especially at Toluca. In many 
cases these symptoms are associated with certain parents eg. 
M2A- Cml. Observations from Yaqui 74-75, · 75-76 and Toluca 
and El Batan 75-76, indicate that a good deal of these symptoms 
are of abiotic origin or relate to genetic incompatibility. Never
theless, little experimental work has been done to prove or dis
prove this. These symptoms have been reported in some of our 
international nursery trials and are probably influenced a great 
deal by growing conditions. 

A "haying off" complex occurred at El Batan in 1975 and 
1976 although it seemed to be less sevci~e in 1976. The cause of 
this disease complex is unknown but initial Pxperiments indicated 
that non-availability of certain elements in the soil are the prima-. 
ry,cause, nonetheless, more work must be done to confirm this. 
Ophiobolus gr2.minis increases in severily on plants predisposed 
by the "haying off" complex, as well as does Helminth~sporium 
~ativum ~md J";;s;;riUF• rose;_im. 

Trials for Septoria tritici resistance in Patzcuaro, Michoa
can indicate that many Triticale lines have excellent resistance to 
the strains present in Patzcuaro. 

3. Worldwide - TDRN 

The Triticale Disease Resistance Nursery was initiated to 
provide breeders with the best levels of disease resistance avai
able in Triticale for use in their crossing programs . Informa
tion from the 3rd TDRN sent out in June 1975 and containing 102 
lines including susceptible checks. has begun to be received. 
Nine nurseries were sent out. 

Data from Canada, Ethiopia, Turkey, and Mexico indicate 
that Triticale selected for the TDHN contain high resistance for 
all three rusts but where leaf rust is severe it affects Triticale 
more than the other two rusts. Nevertheless, the reactions are 
gcneraly resistant. Heavy bacterial blight infections in the 
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TDRN in Izmir, Turkey this year indicated good resistance to 
this disease. 

The 4th TDRN sent out in July 1976 contains 54 lines of 
diverse resistance including lines with reported resistance to all 
three rusts, Barley Yellow Dwarf, Helminthosporium, Septoria 
spp., and ergot. 

4. Leaf Rust Survey in l\Iexico 1976. Nineteen Leaf 
Rust collections from Triticale were made in Yaqui Valley in 
Spring 1976. Although the data are not fully analyzed as yet -
analysis indicates that the leaf rust races found on Triticale 
are the same as ones found on wheat in Yaqui Valley. One 
collection from "Beagle" contained additional genes for virulence 
compared to the wheat races. 

The" Beagle" culture was inoculated on the ITSN and TDRN 
in the seedling stage to provide additional ir...formation on le2.! rust 
resistance in these nurseries. A good deal of the material gives 
mixed reactions however some lines were highly resistant. 

IV. DEVELOPIXG \VI?\TER AND FACULTATIVE SPRING TRITICALE 

Large areas of cereal crop production are located in areas 
which are subjected to frosts at some time during the growth cycle 
( ... t--,...'"e 30 "' a"'ri ~o S 1a+1·+uri"' " c.A.V\..f\' J.'\ 1.&.U "':' .L ti. e,. Y-V /• These regions require \v·intcr or 
facultative spring type cereals. A program utilizing the Toluca 
nursery during the winter months for developing winter and faculta
tive spring type triticale was 1nHiateu in 1972. Although the num
ber and severity of frosts are light during the winter cycle, winter 
triticale strains sown in late October an:l early November are 
sufficiently vernalized to produce seed in July. Spring type strains 
are sown in January, develop normally without vernalization and 
flower in time to serve as parents in the crossing program. The 
spring type tritic.ale strains developed in :\Iexico arc unsuitable 
as a winter crop even in areas \•:here occasional mild frosts occur. 
They tlevelop flowering tillers too early in the season and are 
exposed to frost damage. The winter and facultative types produce 
an abundance of tillers, and a vigorous root system but delay 
flower bud initiation until vernalization has been completed. The 
facultative forms are revernalized more quickly than the trl:le 
winter forms. 

Winter and facultative spring triticales were introduced 
from European and :North .An1erican breeders, chiefly_ from 
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Hungary. Russia. Sweden. Spain. United States and Canada. The 
winter forms genera!ly are tall. lodging susceptible. infertile. 
susceptible to disease and produce grain with low test weight. 
They are unsuitable for commercial grain production in Mexico. 
Screening for winter habit, disease and lodging resistance, 
fertility, grain type and plant height can be done in the Toluca 
nursery. \Vinter forms from Dr. A. K:ic;s in Hungary and 
Dr .• Fred Elliot, Michigan State University were better adapted 
to the Toluca climate, and· more resistant to the natural inf es.:. 
tation of diseases, consequently have been used most frequently 
at parental material in crosses. 

Selections among spring x winter populations provide 
genetic improvement in both spring and winter habit material • 
Winter forms provide new genes for growth habit root develop -
ment. disease resistance, seed dormancy. and possibly resis -
tance to drought for the spring triticale program. The spring 
types contributed dwarfing, L111proved fertility, improved seed 
development, earliness. and rust resistance to the winter forms. 

The rate of improvement in the winter triticales appears 
slow. due mainly to the rather primitive stage of development of 
the initial material and to being limited to a single generation per 
year. However, in terms of change per generation the winter 
forms are improving as rapidly as the spring forms. Screening 
for frost resistance is not possible bf'~ause of the lack of sustained · 
freezing temperatures in the A tizapan winter nur::;~ry. Segregat
ing material is sent to cooperators in Oregon, i\Iichigan, Ontario, 
Hungary, England and Sweden, where the material is subjected to 
n. wide range of winter conditions. Selections from these nurseries· 
are returned to Mexico for further cycles of screening and cross
ing. l\'1arke<l improvement in lodging resistance, plant height, 
fertility and seed type is already apparent among the best winter 
type selections from winter x spring crosses. These combine 
better resistance to lodging, better fertility and grain quality from 
. the spring parents with resistance to frost, preharvest sprouting 
and root diseases from winter parents. 

A winter triticale yield trial made up of entries developed 
in Europe was grown for the first time in the 1975-76 Toluca 
winter nursery. All of the lines were unsuitable for this environ
ment being susceptible to lodging and leaf diseases occurring 
naturally in the area. l\Iost of the lines were considerably less 
fertile in the Toluca nursery than in the European environment 
in which they were bred. 
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V. AGRONO:\IY Ai\TD \VEED CONTROL RESEARCH 

A. Introduction 

Research on management and production practices in triti
cale has been conducted in Sonora and the high Plateau of Mexico 
by Dr. Matthew l\Icl\Iahon during the past three years. Offstation 
trials provide an opportunity to introduce a new crop into cereal 
production areas for the fa.rmers to observe the performance of 
triticales under farm conditions. These trials also provide an 
opportunity to acquaint trainees in on-farm triticale production. 
In Sonora all offstation trials are managed by the farmers, with 
the exception of seeding, in the same way as commercial wheat 
is produced. In general these practices are satisfactory and 
grain yields approaching those of the best bread wheats are 
obtained. 

Problems due to diff erencPs in growth habit, threshability 
and straw strength arise more frequently under farm production. 
Triticale varieties such as Bacum tend to lodge more readily tha.T'l 
the dwarf wheats. Late varieties are aiso at a disadvantage. 
They often suffer water stress during maturation if the last 
irrigation is applied too early. Under farm conditions good weed 
control practices are essential. Some triticale strains such as 
Yoreme and Navojoa are poor competitors especially against 
grassy weeds such as wild oats and reed canary grass. 

In the high plateau areas in the state of Mexico and Tlax
cala offstation trials involve much more work. Most of the work 
involved in soil preparation, seeding, weed control, harvesting 
etc. must bA done by the research station staff. The small 
farmers lack the power and machinery to prepare the soil and 
control weeds. The soils are poorer, often on steep hillside 
slopes where water erosion occurs during heavy rains. The 
rains are very unpredictable, often resulting in poor germination, 
and moisture stress during the growing season. Heavy rains 
specially during harvest, may cause water loggi!lg of the soil 
or preharvest sprouting. The grain is of poor quality and low 
germinability • Varieties of cereals to be used for these areas 
should have seed \Vith high germinability and sufficient vigor to 
establish good stands under uneven sowing depths. Resistance to 
sprouting would ensure better grain quality at harvest. Early 
season frosts occur in the high plateau.~ and destroy late maturing 
or late planted crops quite frequently. Most varieties of triti-
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cale are late and increase the risk from frost damage particularly 
where early maturing barley varieties are grown. 

B. Nitrogen Trials 

Fertilizer trials conducted on triticale strains prior to 
1972 indicated that triticales were not as responsive to nitrogen 
fertilizers as were the bread wheats and durums. An important 
factor was their greater susceptibility to lodging. Most of the 
triticale strains prior to 1972 would lodge if more than 80 kg /ha 
of nitrogen was used. Factors other than lodging were involved 
in the poor responses of triticale strains to nitrogen fertilizer. 
Even when lodging was prevented, the yields from triticales 
decreased relative to the dwarf bread wheats at high nitrogen 
levels. 

Results from the agronomy trials indicated that the use of 
higher nitrogen fertilizer levels in the breeding nurseries would 
.enable better screening for nitrogen response. Marked improve
ment in breeding for nitrogen response has been achieved during 
the past four years. Results from the 1975-76 nitrogen trials at 
CIANO indicate that the average grain yields of 10 triticale were 
equal or superior to the four best bread wheats and the two best 
durums at all nitrogen levels from 0 to 300 kg/ha. (Fig. 4). 
Lodging is still an important factor in grain production among 
trHicale strains at high nitrogen levels. It is exp.ected that 
fu.dher irnpruvern.ent in grain {J:".'oduction can be ad1ieveu Ly 
improving lodging resistance. 

C. Dry Matter Production 

The response of the most recently developed strains of 
triticale to nitrogen corresponds very closely to the best varieties 
of bread wheat. The production of total dry matter per unit area 
is quite different • In trials conducted at CIANO during the 1974-
75 and 1975-76 seasons indicate that at low nitrogen levels, triti
cale and wheat produce sirnilar amounts of dry matter. As the 
nitrogen level increases, higher levels of dry matter are pr9duced 
by triticale than wheat. At nitrogen levels of 3 00 kg/ ha triticales 
produce about 2 tons/ha. more dry matter than bread wheat. 
(Fig. 5) • This level of superiority in dry matter production in 
triticale could be a major advantage if the harvest index i.e. grain 
vs straw ratio, could be improved to that of the best bread wheats. 
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In the Y74-75 trials, two triticale strains DRIRA and 
Beagle, produced 20. 3 and 18. 4 tons/ha of dry matter respective
ly. The best bread wheats produce about 16 tons at the top nitro
gen levels. If the harvest index could be improved to • 45 as in 
the best bread wheats, grain yield of up to 20 percent above those 
of bread wheat could result. 

This aspect of triticale is certainly worth exploiting. 
McMahon observed that harvest index could be increased by delaying 
the application of nitrogen up to 57 days after emergence. Any 
further delays in nitrogen application seriously depress grain 
yield. 

D. Competition with \Vild Oats 

Serious losses in grain production may occur from wild 
oat infestations. Varieties differ greatly in their ability to sup -
press weed growth. Dr. M. Mcl\Iahon conducted trials in which 
high yield varieties of triticale (Yoreme}, durum (Cocorit} , bread 
wheat (Jupateco) and barley (Celaya} were grown in competition 
with wild oats and compared to their productivity under weed free 
conditions. Grain losses due to wild oats at maturity were 
4790 Kg/ha for Cocorit, 4070 Kg/ha. for Yoreme, 2880 Kg/ha. for 
Jupateco and 1200 Kg/ha. for Celaya. Under weed free conditions 
Yoreme produces over 1 ton/ha more grain than Celaya, under 
heavy wild oat infestation Celaya produces 3 tons/qa. more • It is 
extremely i.JnportOJ.-it that varieties capable of competing with weeds 
are used in developing countries where the problems of eradicating 
weeds are greater. · 

E. Herbicides to Control Weeds 

Experiments to determine the efficiency of various herbi -
cides to control weeds, and their phytotoxicity on crop varieties 
were carried out in Toluca (I\l-1975) and at CIANO (Y75-76) by 
Dr.1\1. Mcl\Tahon. Results from experiments in Toluca indicate that 
two of the herbicides used in the trials provided adequate control 
of broadleaf weeds and were not phytotoxic to triticale. The~e 
were : 

Tribunil at lkg/ha. a. i. applied 1 7 days post emergence 
Dosanex at 2kg/ha. a. i: applied 1 7 days post emergence 

Both herbicides were effective in reducing growth and 
vigor of Poa annua plants as well. 
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VI 

In the Yaqui Valley several grassy weeds cause l?~rious 
losses to the cereal crops. Wild oats (Avenua fatua) ·and reed 
canary grass (Phalaris minor) are the most prevalent. Studies 
on the use of herbicides to control wild oats and reed canary 
grass were initiated in 1974-75 and continued through 1975-76 
at CIANO. Two herbicides were effective in controlling wild 
oats and increasing yield. Dosanex applied at 4 kg/ha. a. i. 
30 days post emergence provided a 90% control of wild oats. 
Mataven or Super Suffix (WL 29761) gave excellent control of 
wild oats. The top yields were obtained when the herbicide was 
applied 30 days post emergence at rates of • 45 kg/ha. a. i. 
O. 60 kg/ha. a. i. 

Finaven was also satisfactory in wild oat control and in -
creasing grain yield. 

The herbicide studies on reed canary grass indicated that 
this weed was more easily controlled than wild oats, although 
some of the products were too phytotoxic to be recommended. 

Among the herbicides which were considered satisfactory 
were: Dicuran at 2 kg/ ha. at 18 days post emergence, Dosanex 
at 4 kg/ha. a. i. at 30 days post emergence. 

FORAGE TYPE TAITI~ALE 

The main emphasis in triticale improvement at Cil\11\IYT 
has been towards grain production and grain quality. However, 
considerable areas of triticale pr_oduction, particularly in Southern 
U.S.A., Argentina, and Europe, are grazed during the early growth 
period and then allowed to mature for grain. Oats is traditionally 
used as a forage crop in temperate climates because of its vigor
ous growth, its rapid regrowth after grazing or clipping, and the high 
nutritional quality of the forage. However, under high producth'itY 
it tends to lodge easily, is highly susceptible to stem and crown 
rust, -and the hulls must be removed before the grain can be .used 
as food. 

A large proportion of the small farms in the developing 
countries require both feed for their animals and food for the fami
ly. A crop which could provide both without sacrificing yield of 
either forage or grain would be advantageous over the need 1o grow 
separate crops for food and forage. 

Preliminary studies were initiated during the 1973-74 
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season by Dr. ~Iatthew l\Icl\Iahon to compare forage and grain pro -
duction of triticale and oats in the Yaqui Valley of l\lexico. In 
this experiment a triticale strain, DRIRA, was compared to the 
oat variety, Kanota, . at 0,. 1 and 2 clippings. l\Iore extensive 
studies were established by l\Ir.Herbert Floyd during the 1974-75 
season under irrigation in the State of Sonora. These trials were 
continued with modifications during the 1975-76 cycle in the same 
region. It was necessary to determine if clipping would closely 
simulate grazing as a means of screening for forage production. 
It was also necessary to establish a satisfactory forage management 
system for triticale. 

Farm grazing trials were provided by Mr. Paco Plouin in 
the Hermosillo, Valley. Drira ,a strain of triticale was compared 
to the highly productive oat variety Kanota in pasturing yearling 
cattle. The crops were grazed for two-10 day periods during the 
early growth· period and then allowed to mature for grain. 

Clipping experiments to simulate grazing were conducted in 
Navojoa using two strains of triticale and one oat variety. The clip
ping was done at the optimum time for grazing. A second clipping 
was made 3 weeks after the first. Yield estimates of grain produced 
on all treatments were obtained after ripening. Yield estimates of 
high protein forage were obtained on the clipped plots. 

Yields , and growth patterns following the clipping treat -
·ments were quite consistent in the for age experiments conducted for 
three years. It appears fairly certain that triticale strains produce 
more grain than the oats without ciipping or with one clipping • In 
spite of the more rapid production of dry matter among oat strains, 
the oat strains used tend to lodge at the h<'ading stage. Grain 
development is seriously impaired among the lodged plots. Triti
cale produces as much dry matter if cut as hay during· the milk 
and early dough stage. 

The produ.ction of high protein for age among triticales is 
lower relative to oats particularly with additional clippings. The 
rapid recovery rate of oats ci .. fter clipping has not yet been· fotJnd 
among triticale strains. The grain production of triticale decreases 
with each successive clipping. Oats on the other hand tend to 
increase grain production with successive clippings until no further 
lodging occurs. 

Another series of experiments were established by lVIr. H· 
Floyd to evaluate various criteria for selecting more productive 
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forage type strains and to develop management techniques to 
improve yield and qJJ.ality. A group of 150 triticale and 5 oat 
strains were evaluated for the production of grain, hay and high 
protein forage following 0 to 4 clippings during the growing 
season. Protein determinations were made on all grain and 
forage produced in all strains and all treatments. A similar 
experiment using 50 varieties but the sa:::ne treatments was con
ducted at Navojoa during the 1975-76 cycle. Unfortunately the 
irrigation \vater was -cut off before the experiment was completed 
and the clipped plots suffered severe drought stress. The experi
ment had to be discontinued. 

This investigation provided a wealth of information on the 
capabilities of varieties of triticale and oats to produce grain-
hay and high protein forage under different clipping managements. 
In a program of breeding for forage production it was important 
to determine the selection criterion to be used to screen for high 
production. For example if the selection criterion is total grdn 
production how do the top lines compare with the rest of the 
strains in production of hc:.y, and high protein forage under differ
ent clipping managements. Tables 3, 4, and 5 c:md Figures 6, 7, 8 
provide the production data comparing top strains selected for 
total grain production, hay production and high protein forage 
production under each of the clipping managements used. The hay 
yields were obtained on the unclipped plots only so the data pro
'\'"idcd on the clipping data refers to the zn...~e group of str~ins. 

Several very interesting observations can be made~ from 
this study. The top grain producing triticale strain at 8. 8 tons/ha 
was rather poor in hay production at 16 tons D.:VI. The top hay 
producing triticale 23 tons/ha. D.:'.\1. produced only 4.1 tons 
grain/ha. In contrast the top grain producing oat variety, 3. L 
tons, was also the top hay producer at 18.8 tons D.M. Varieties 
capable of producing the most high protein forage after numerous 
clippings were generally not among the top grain or hay producers. 

Under high productivity conditions prevailing in these 
experiments it appears that triticale strains have a yield adv_;:i.ntage 
over oats in grain, hay and high protein forage production under 0 
or 1 clipping. The oats gain in high protein forage and grain pro
duction as the number of clippings increases. 

It is expected that the production of forage of triticale could 
be improved by selecting for lines which recover rapidly after each 
of several clippings. Segregating populations from crosses 
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Table 3 Production of grain, hay, high protein forage (H,P,F.) and total protet'n Gmong trltlcale Gnd oat strafns, selected 
for m.:ixlmum grain production in clipping trials at CIA~O 1974·75 

Not ~ll12Dcd Ct lti?ecl oner. Cl l1:?12ed !Wice CI l1212ed 3 tlmt':; 
y it:! d Protein Yield -1.r.sutln.- .Yielct Protein Yi e.1 d ...1'.!.!2.l!Li.!1_ 
kg/h.:i '% kg/h<i kg/h<i % kg/ha kg/ha "t. kg/ha kg/ha % kg/ha 

Top Trltlc:ale grain 8867 13 1153 7022 15 1053 5789 . 14 810 4711 . 1L; .3 674 

H,P,F.* 919 26 239 1098 34 372 1577 36 576 

Hay OM 16133 10 1 613 TP*'>'< 129~ . 1183 1249 

Av~ S top tels. grain 7883 13 1C24 6266 14 . 889 5169 IS 776 3996 15 600 

H,P,F, 826 33 272 1081 30 318 1277. 33,7 430 . • 
H<ly OM 16435' 9.4 1545 TP 1171 1094 1030 

Ave 56 tritlcales grain 4922 15 . 742 4278. 16 660 . 3723 · 17 607 2774 17 460 
. ' 

H.P.F, 758 31 23"5 1078 31 334 1381 34 .. 435 

Hay OM 15394 7.6 1170 TP 895 971 895 
~ 

Top ·oat grain 3t78 16 sos 3644 14 550 4456 10 454 4000 13 528 

H,P,F. 650 29 188 1333 34 381 2000 34 656 

Hc"ly 01'1 18844 9.0 1696 TP 738 .. 835 1184 

A~e 4 oats grain 2628 13 342 j219 ~2 3515 ;>264 384 3036 12 364 

H.P.F, 755. 30 227 1203 34 409 1885 - 34 640 

Hc"ly OM 15005 9 1350 TP 612 793 . 1004 

1< H,P,F, '• tHgh protein forage . 
*"~ T,P. • To~.31 protein (grain&. forage)· per hec:tore 

Clla2ed 4 tlr~ 
Vic Id 
kg/ha 

3578 

1593 

3115 

1eao 

1730 . 
1763 

4956 

. 3037 

. 3778 

3042 

Pr~Ht>ln 
% 

14 

32 

16 

31 

16 

33 
": 

13 

31 ' 

12 

32 

kg/ha 

487 

513 

999 

507 

584 

fo91 

287 

560 

847 

998 

619 

1617 

41+9 

975 

1424 

£\.') 
CA> 



Table 4, Production of hay, grain and H,P,F. among 1~rttlcale and. oat strains selected for maximum hay production In 
clipping trials at Cl~NO 1974-75, · 

Not clipped CI i pped once Cl lpped Twice Clipped 3 times Cl i;:.jled 4 times 
yld protein ,yld protein yld protein yld protein yld protein 

kg/h<i kg/ha kg/ha kg/ha kg/ha 

Top triticale Hay 23567 1885 

grain 4133 719 3556 . 658 3111 579 1956 358 1344 238 

H,P.F. . 1137 364 1384 443 ' 1599 516 1821 589 . . 
Top 5 triticales {ave) H~y 22429 1754 

grain . 4578 .. 741 
•, 

4207 701 3440 579 2500 ' 414. 1493. .. 253 

H.P.F, 826 258 1078 341 1197 445 1742 557 

Ave 66 triticales Hay 15394 1157 

grain 4922 742 4278 660 3723 607 2774 460 1730 287 

H.P.F. 758 237 ·1078 334 1381 435 1763 560 

Top oa~ variety Hay 18844 1696 

3178 '492 . 3644 55c1 
.. 

520 '4000' 528 4956 619 grain 3711 

H,P,F, 65C 189 1181 .369 2000 '656 3037 998 

. 
Ave 4 oCJt:> Hay 15005 1415 

gr<1ln 2628 328 321s 395: 3264 384 3036 373 3778 449 

H,P,F, 755 227 1203 377 1884. 612 3042 975 

--- - - -- r..:i 
11::. 



Table S. Production of high protefn forege (~.P.F.) grain end hay among trltlcele and oat strains selected for maximum 
produc\lon of H.P.F. In clipping trials at CIANO 1974·7S. 

C 11 ppe!! once C 11 irned twl ce C 11 i:rned l ~Imes Cl lpped 4 ~Imes 
Yield Protein Yield Protein Yield Protein Yield Protein 
kg/ha % kg/h.a kg/ha % kg/ha kg/ha % kg/ha kg/ha % kg/ha 

top trltlcale H.P.F. 1280 320 1672 510 1976 592 2695 822 
grain after clipping 3589 563 2767 412 2189 420 2056 386 
grain not clipped 5156 8.30 ·5356 750 2911 553 2911 553 

Hay 14600 1022 18122 1C87 15867 952 15867 952 

Ave S top tels H.P.F. 1260 377 1506 427 1912 566 2481 760 
grain after clipping 39011 626 3288 515 2751 467 1835 327 
grain not clipped 478'• 732 5407 836 4809 769 4380 725 

Hay 16766 1412 17315 1268 17444 1158 16113 1031 

Ave 66 trltlcales H.P.F. 758 237 1078 334 . 1381 ,435 1763' 56·'.l 
grain after clipping 4278 660 3723 607 . 2774 460 1730 287 
grain not clipped 4922 742 4922 i42 4922 742 4922 742 

Hay 15394 1157 15394 1157 15394 1157 15394 1157 

Top oat H.P,F. 920 249 1333 ~81 2000 656 3254 1026 
grain after clipping . 31156 352 4!156 454 iiooo 528 3389 363 
grain n~t clipped 2889 320 2889 ~20 3178 493 3000 285 

' . 
Hay 12967 1167 12967 1167 18844 1696 15267 1378 

Ave 4 oat strafns H.P.F. 755 227 1203 377 1895 640 3042 975 
.grain after cl lpplng 3219 386 3264 384 3036 )64 3778 449 
grain not,cllpped 2G2e )28 ·2628 )28 2628 )28 2628 328 

Hay 15005 1415 15005 1415 15005 1415 15005 1415 

--
J:>.) 
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GRAIN AND H.P.F. PRODUCTION FOLLOWING CLIPPING AMONG TOP TRITICALES AND OATS 
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between diverse types such as spring x winter strains should pro
vide a source of material for selection. There is a need for 
more research on management to maximize production under 
grazing or clipping. 

VII INTERNATIONAL ACTIVITIES 

A. Introduction 

The distribution of triticale nurseries internationally has 
permitted exposure to environments, disease, climatic and soil 
types which differ considerably from thG.se- of Sonora and the Tolu
ca Valley of :i\'lexico. 

The soil conditions unde.r which triticfiles are grown is 
_very important. ,Complete failures d¥e to JQJ.Y 12hos2llg,rous £.Q.utent 
were observed in_t~g=ndibir region of Ethiopia. Triticales like 
wheat are susceptible to saline. soils:·~--Ho\veier some stra 
more to eran o ac1 1ty than wh~at. Acid soils are common in 
tropical and semi tropical areas having mcckrat:.o to heavy r;.inf~-ll~ 

Observati0ns in Southern Brazil have indicated E1ore tolerance to 
toxicity from aluminum among triticales than bread and durun1 
wheats. Dr. Fuentes has been investigating techniques for screen
ing lines for tolerance to ah1Ininurn toxicity uritler la.boralory 
conditions. Alfonso Lopez is completing an investigation on the 
inheritance of tolerance of aluminum as a Ph. D thesis rAsearch 
at t~regon State University. Drs. l\'Iatthew :\Icl\Iahon and Carlos 
Torres are spending one month investigating reactions of triti
cales to aluminun1 at various locations in Southern Brazil. 
If triticale strains ca,n be isolated -~Y..b-i~h . ..J!I:'e ponsiderably I!l.2E5: 
__tolerant to aluminum toxicity a.ruL.~_,_snHable-ag.r~-Omically:.~it 
)Voul<!_be ~n~i~J2£r.ta..!ll...§,L~ J9w~r.d.[,_..£Q.IllIU.eicig,l . .Q!'Q_c;iu~J~ov in 
several important areas of the sub-tropics. 

Root rot and pre harvest dessication occur regularly 
among wheats and triticales in the El Batan Nursery areas. The 
major pathogen involved in the root rots is Op_:!io_1?_::>_~-~ gr:::.mini~. 
and to a lesser extent Helminthosporium and Fusarium s~. _ 
However, the cause of pre harvest dessication which is more 
serious has not been identified. The soil appears to be alkaline 
and responds to some minor elements. The condition becomes 
apparent only after the grain filling stage begins. The pla:lts 
look completely normal until flO\vering is completed. Investigations 
to identify the cause have been underway since September 1975. 
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B. Internationc;.l Nurseries 

-----Uniform sets of triticale yield nurseries were distributed 
internationally for the first time in 1969-70. The discovery of a 
fertile daylength insensitive strain· of triticale (Armadillo) in the 
CIMl\'lYT program in 1968 was a key in the development of a 
crop which could become competitive witli. wheat and other cereals 
as a food crop. 

Although yield results from the early trials were disappoint
ing they served to introduce new genetic material to cooperating 
plant breeders around the world. Improvement in triticale was 
accelerated by the opportunity to produce two breeding cycles per 
year in 1'.lexico. New triticale strains distributed during the third 
series of trials (1971-72) were found to be adapted to some of the 
high altitude areas of East Africa and South America. Some lines 
were also observed to tolerate soils having high levels of aluminun1 
better than the local varieties of wheat. V'vidence of strains with 
the broad adaptation of the Mexican dwarf wheats was obtained from 
the results of the 5th ITYN grown during the 1973-74 season 
(Table 6) • Several strains from the cross Maya2 x ArmadHlo 
outproduced the wheat checks overall locations for the first tL.vne. 
Figure 9 shovrn the average relative grain yield performance of 
the top yielding strains of triticaiE\ bread wheat and durum wheats 
at all locations in the ITYN trials from 1969-70 to 1974-75. 
Such comp8risons are 3Jways biased in favor of th,e crop having the 
iargest number of entries. A more realistic estimate of broad 
adaptation may be obtained from comparing the performarice of 
the best varieties in the wheat and triticale trials grown at the 
same locations. Fig .. 10 provides a grain yield comparison behveen 
the top 5 triticale strains vs the top 5 bread wheats in their 
respective international yield trials having locations in common 
from 1969-70 to 74-75. Inflated values for bread wheat production 
(Fig. 10) during the 1970-71 cycle resulted from too few locations 
in common (9)1 two of which were grown under high productivity 
(CIANO j\Iex and Davis California). 

If the general trend towards broader adaptation of tri_ti
cales continues 1 the possibilities are excellent for triticale to 
increase food production not only in the more remote regions 
but across much of the area where the world's small grain pro
duction now occurs. 

During the past· two years more attention has been devoted 
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TABLE 6. "fhe mean values for yield, agronomic and disease da'°ta at aq locations among entries In the 6th 
International Triticale Yield Nursery 1974··75 .. 

~··4~·····~··~~·······~·~·~·········~···•+*+*••···························~···········~············································· J /.';!. VARIETY OR CROSS ORIGIN YI E·LO Tr: s :." F!.W HA f STRP ·STRP LEAF STE"\ HGT LOOG S.HT~ 
-;u. K/ l!A WT•· DAYS OAYS R.T. L . SU.H F.UST 'RUST c~. 

·~·········~·~*~•*·~••**·~···•·•**•···~···•*******~·~··~··•<·•~··~··¥······•*••••*··~·······~···········*·······················~···-. . . 
a ~· . .:. Y .\ l 1 - .~ K ~ • $ • HEXICO 4746 (,,l. 99 l', 5 13 0 lO 0. 1:l3 26 5 
6 M:~ '(:.. !·-.·~rt.~ 1 S 1 X!;XICO 4515 65 ?a 145 18 0 8 • ? .. 103 4b 6 

:? :3 ~!"!.GLE MEXICO 4:, t1 1, 6'' -· 101. 148 19 0 2 lJ. . 118 41 3 
D, :-::,y,\ [ :-t.i:.X •s• l'FX I CO 4:. 74 ~s '19 147, 13 0 12 z n 33 H 
ll 'r1:.. Y ,,•,. I ! -:. :>.~ • S' · XEXICO 4410 66 93 146 22 40 l3 3 93 24 5 

17 ;.'lrA-!:1K •s• ~Ex: co 4':\S!l 63 99 . 14 6. 21 0. ·5 l 97 .J 0 4 
~l ::;1;.-'4;~·~ '$' McXIC:O 43l.O 65 lOl l4a l 0 . 0 13 z 93 22 23 

7 ~ ... ~. '( :, i ··.! ~ lJ, • s' 11.i:X I CO '· 3 1·4 6 7 ' 97 145 16 0 9 3 ?5 :n 2 
t'j p,:.y;.. I ~.-:.~.1'1 '$' l.\:.:X I C:'l 4317 65 'JS 1~6 19 0 18 0 93 10 19 

14, ~!~~ !:-J~X 'S' .~iEX IGO 42% 66 97 145 11. 0 10 i7 97 39 20 . 
.?It F .S. l ~,J-t HEX IC 0 4285 61 .. 98 l'r() 15 80 3 ?I · 1oa 51 7 
! .:? /-',:. Y:. l : -.~r,,M 1 $' Hi:X !CO 427L 64 100 148 16 0 14 4. q5 2!> 25 
25' LCCf.L Cl_ii:C;( 4l45 72 103 141> • 19 0 17 2 .?9 53 3 
10 ~!~TE (.:;;\i'\OS HEX ll:O 4120 n 102 145 56 '96 4Z 21 ea 3b 19 
.21 ~.j.-.L..\ ,. ~' MFXICO '.·049 63, " .9? 147 14 0 7 Ct 92 JO 9 

20 Tf,~;::~I 7! MfXJCO .ne1 74 95 142 53 . 0 9 10 as 14 7 
l c; lNY~-RY~ X iR~ •St ~EX !CO 394b 63 100 146 16 0 5 2'. 94 24~ 1 

3 tr;i:.-:.u:.r'.DA. :x ARH •s• ~:r: >: Ir. 0 j(l 3C. 65 '16 14 5 16 0 3 36 qo 33 3 
l: ! 'Ii:.-;.'< X AR.'i 'S' :-10: !C n 3[) 3') 6!! 9 ll 14 6 14 o· 9 ·O ,94 3L 4 

r C.: r.:.1-~:~~: t:[;.: I CO 3(: 30 6'1 <;t, .14 5 17 0 14 3S ?7 30 l ~ 

.22 1<:!:.Lt. ',.., ,\:nor. n . 3743 65 9£1 146 11 0 ,7 0 ?7 27 9 .. 
l5 c :'.: ~·~~. ! ~· r.c:x1c:o 3691 75 99 l4lt 27 50 11 z 9S !i 7 s 
~ r:11;.-,:,::.F.C.t. x ARK •s•. .•1r: >: r en 36'd 63' 96 145 ia 0 6 7 <J s 50 7 
l :. 'r. ,o1:. c : ~.~a • s • ~.t X ICO J629 66 9fl 145' 18 0 24 2 102 38 7 
l, R.O:f' E ,c~ Cl-~~:. CA ia v, 61 109 149 14' o. 9 0 ll4 I.ta 2 . . I 

SUMMA~Y ~~A~S OVER VA~lETIES 1,o:rn ·''? · 66.72 ?9.4(1 l't6 .. 'w f1 21.56 66.67, .. 11.93 9.44 97.59 35.95' 10 .. 95 . 
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to encouraging and establishing commercial production of triticaie 
in some of developing countries. There has been a considerable 
increase in the number of cooperators who are now working with 
triticale, and in the number and types of nurseries being distrib
uted • Table 7 provides· the distribution of spring type triticales 
based on major geographic regions. Table 8 lists the cooperat
ing countries and the number and type of nurseries distributed. 

Financial support has been provided to some national pro -
grams by the International Development Research Center of Canada 
(I DRC) • to encourage research towards eventual commercial 
production of triticale as a food crop. Among the recipient 
countries are Ethiopia, Kenya, India, Chile and Algeria. In some 
countries progress has been delayed due to the lack of competent 
research assistants, in other the political situation is unstable 
and fails to provide the support required to mount an aggressive 
program. 

The progress at some locations is more encouraging. 
Dr. Gerbrand Kingma a CU..1MYT staff member-, is now stationed 
in Kenya to serve as regional coordinator for the East African 
cereal crop improvement work. His reports suggest excellent 
possibilities for triticale production in Ethiopia for both food 
and fodder. Triticale strains have shown superiority in grflin 
production over bread wheat and durums for several years. 
A strain from the U .• S.A. 6TA-204 was under incr:easc ir! 1974. 
J.M~\Valler (19'/5.) a visiting pathologist from theCommonwealth 
Mycological Institute at Kew observed that increase and test 
plots of this and a related variety 6TA 205 were heavily infected 
with bacterial stripe (Xantho:;:-.1onas translucens) and eyespot 
Pseudocercosporella herpotrichoides }. He recommended that 
strains with better resistance to these diseases be substituted 
for increase. More disease resistant and more lodging resistant 
strains such as Bacum, Armadillo, and selections from J.\laya 11 
x Armadillo (Cross 2302) have performed very well in the 1975 
National Yield Trials. A pilot program involving 1500-2000 farm
ers in the Endibir area was set up to promote commercial grain 
production. Experiments on utilizing triticale for flat bread ?-nd 
injera are· most encouraging. Dr. Kingma (196 7) reports "that 
research results by the I.AR on triticale during the last 5 years 
look very good. Researchers have set a pattern for cooperation. 
Now political stability and determination by the countries leaders 
are needed to produce the varieties in farmers fields " 
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TABLE 7. DISTRIBUTION OF SPRING TYPE TRI Tl CALE NU~SERIES BY .GE01~RAPHIC ~EGIONS· 1975. 

REGIO~ 'CROSSING F2 F2 F2 SPRING ITSN ITYN 
BLOCK IRRIGATED RJUNFED X WINTER (Screening) . (Yield) 

MUR 'NUR -
AFR IC/\ 2 5 6 3 2L} 18 

ASIA •3 12 12 10 19 17 

crnm.~L 

AMEi\ICA - 1 - - 7 

EUROPE - 6 9 12 21 19 

MIDDLE EAST 1 3 2 1 9 7 

N. AM::R I CA 2 7 9 ' 10 7 15 

S. AMERICA 2 7 } 5 20 10 

OCEAI~ IA - - - - 3 2' 

TOTAL 10 41 . -Lr5 40 110 89 

TORN 
(Disease 
Res is.) 

3 

1 

1 

1 

3 

9 

<-" 
,0 
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ChOSSIH~ r-2 f2 f2 S?R HiG ii SU IT'iH TDRH 
BLOCK IRRIGATED RAlllFED X WINTER. 

fill CA 

ALGERIA 1 3 3 1 
CM:EROOH 2 
EGYi'T 1 1 
E.THICi'I:'. 1 2 2 3 3 1 
cu:.r;A 1 
KEliYA 1 1 1 1 t 1 
l£SOTHO 1 
MOROCCO 1 
!.IGERiA 1 1 
RHODES IA 1 . 1 1 1 
SENEGAL. 1 1 
SOtlALIA 1 . 1 

. S. AFRICA t 1 1 2 
SUOAH 2 1 
TAHZANIA 1 1 
T\JHISIA 1 1 
ZAll\E 1 
ZAMolA t 1 

~ 

AFGHAN I STAN 1 1 
MNGLACESH 1 1 1 1 
CHINA 1 1 1 1 1 
IHDIA 2 6 6 .6 1· 7 1 
JAPM 1 
S. KOREA 1 ' 1 
fiEPAL 2 2 
~AKI STAN 1 .4 ... 2 ,. . 4 
lHAiLAti!> 1 

CEllTRAL MERICA 

CUf\A 1 
COSTA RICA 1 
CUATH\ALA t 1 1 
t:OSDllRAS 1 
IHCARAGUA 3 

~ 

Al8Atl1A 1 
BULGARIA 1 1 
C2ECHvSLOVAKIA 1 
El:Gll-NO 1 1 1 
f IHLAf<!> 1 
f P.Al:CE 1 2 2 t 1 
\I. GERM.!\NY 1 
GREECE 1 1 
JlUNGJIRY 1 .1 1 1 ' IRELA!lC 1 
NETHERLANDS 1 2 
tlOR\:AY 1 
f'Ol.AN[l 1 1 1 1 1 
PORTUGAL .. 1· 1 
f:O}ir\fl IA . . . , 1 1 1 
RUSSIA 1 '1 1 1 1 
SPAIU 1 1 1 ,. ) 
S\/EDErl 1 1 1 1 2 
SWITZERLAND 

. 
1 1 2 

YUVOSLA\' I A 2 2 

HIDDLE EAST 

CYPRUS . 1 
IRAH 1 1 
IRAQ 1 
ISRAEL 1. 1 
JCRt·~N 1 1 1 1 
U:BANO~ 1 1 I ' 2 
LYSIA • 1 
SYRIA 1 1 1 
lt1!l.KEY ! 
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i-AeLE 3 Page 2. 
Cont'd 

CROSSING F2 F2 F2 SPRING ITSN ITYN TORN 
BLOCK IRRIGATED RAINFED X \.'INTER 

tiORTH AMERICA 

CANADA 1 2 4 3. 2· 1 1 
~EX!CO 1 1 1 3 2 
U.S.A. I+ 4 6 2 12 

OCEAlllA 

AUSTRALl.r.. 2 

SOUTH MlER I CA 

ARGENTINA ) 2 2 4 2 
BOLi VIA 1 1 
BRAZIL 1 ·2 1 1 4 3 1 
CHILE 1 1 1 1 3 1 1 
COLOMBIA 1 1 
ECUAOOfl. 1 1 1 1 
PARAGUAY 

. 
2 

PERU 1 • 1 ., 2 I . 
URUGUAY 1 
VENEZUELA 1 

TOTAL 10 I+ 1 45 40 110 so 



In Kenya the situation is equally favorable for triticale 
production. Dr. Kingma's report on the 1975-76 National Trial 
shows triticale outyielding the best bread and durum wheat checks 
by 30 percent at 4 locations. At Njoro, the main wheat breeding 
station in Kenya, strains from triticale crosses Xl 01 70 , Xl 0149 
Cinnamon, and X2802 all produced grain yields above 7 tons/ha. 
in test plots. 

Copper deficiency occurs in many of the cereal producing 
areas of Kenya. Yield increases are observed when seed dressings 
with copper oxychloride are used. 

In India, the Northwestern Hills provide the most suitable 
environment for triticales to outproduce wheats and barley. 
Aggressive breeding programs are being conducted at Pantnagar 
(Utta~ Pradesh) and at Ludhiana (Punjab). Funding assistance 
for triticale improyement is provided to the Ludhiana program 
from the USAID via PL480, and at Pantnagar from I. D. R. C. 
At Ludhiana triticale strains are outproducing the recommended 
varieties of bread wheat but considerable emphasis is being 
directed towards improving the cereal production in the hill 
country of Northern Punjab. 

The breeding of triticale for the hill country has been 
underway for several years at Pantnagar under the direction of 
Dr. Chauhan. Among the more advance lines '.':hich appear to have 
better adaptation to this environment than wheat are selections 
from Armadillo and Badger. It is expected that material is being 
increased for release under comrnercial production. 

Several regions of South .America appear to have suitable 
environments for commercial triticale. productim. Large areas 
of Southern Brazil are unsuitable for wheat production due to 
soil acidity and high levels of aluminum. Some triticale strains 
appear to tolerate these soil conditions better than any of the 
available wheats. An aggressive program to develop tolerant 
tritkale strains is being conducted at Porto Alegre under John 
Gibler. 

In Chile, ·a triticale improvement program was initiated 
in 1973. Yield trials on selections of triticales from the CE\DIYT 
program indicate that yields comparable to the best wheat" strains 
can be obtained in the· cereal growing areas of Northern and 
Central Chile. l\Iiss. Isabel Nebreda is in charge of this program 
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at the Catholic University of Chile. in a 1976 report. top yields 
of up to 11 tons per hectare were obtained. In 22 experiments 
conducted during 1975 in North Central Chile, some triticale 
strains outyielded the best wheat checks at all locations. The 
average protein content of triticales grown in Chile was 13. 0 
compared to 1 o. 9 for the bread wheat checks. 
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VIII DISCUSSION ON NEED FOR CONTINUING SUPPORT 

Continuing Problems in Triticale 

Several important problems have to be soived if the full 
potential of triticale is to be realized. The most important is 
our inability to develop completely plump dense seeds. l\1al -
formation of endosperm during maturation is still with us to 
some extent even among the best seeded types. It appears that 
climate influences endosperm development considerably more than 
in bread wheat or durum. Excellent grain formation has been 
observed in the winter nurseries in Corvallis, Oregon, and in 
summer nurseries in Holetta, Ethiopia, and in the Yaqui Valley 
in Sonora. Test weights above 60 lbs. per bushel have been 
recorded at each of these locations on their best lines. However, 
when the environment is changed, considerably lower test Wtights 
are obtained. 

Another problem or perhaps another m.anifestation of the 
first , is the lower efficiency of triticale to convert total plant 
material into grain. Top yields of 8 tons of grain per hectare 
were obtained in the physiology plots in Obregon in 1976. Jupa
teco and Stork produced this yield of grain with just over 16 tons 
of drv matter ner hectare. It recmired 20 tons ot: drv matter .,. ~ .a. .,, 

proc~uction for tr1ticale to produce the same yield of grain. Triti
cale is considerable more productive in total plant material than · 
wheat but because of lts lower conversion efficiency produces 
more grain per acre than wheat in the Yaqui Valley. 

Problems of preharvest germination and low germination 
vigor are at least partially related to our screening environment 
and 2 cycle per year cropping practices. Low emergence of 
triticale was experienced at seeding depths below 9 centimeters. 
However, good emergence was achieved at 12 centimeter seeding 
depth after two cycles of screening under deep seeding. Consider-

. ably less preharvest emergence develops anlong the winter type 
triticale than among the spring types. 

Although strains having broad adaptation are being developed, 
some difficulty is encountered in obtaining adapted strains in areas 
subject to frost during the early growth period. Triticales having 
some winter hardiness either winter or facultative springs must be 
developed for these regions. 
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The development of disease resistant var1et1es is_ progres-, 
sing rapidly. Suitaq_le environments for screening under natural 
disease infestation are available in Mexico, Africa and South 
America. However, very little work in screening for field re
sistance in ergot is being done. Chiefly, perhaps because this 
disease is rare in the low latitude countries. Considerable 
reduction in the incidence of ergot appco.:-s among the more 
fertile strains even where ergot infestation is high. 

IX SUPPORT FOR TRITICALE RESEARCH AT THE UNIVERSITY 
OF MANITOBA Al\D GVELPH. 

Areas of research required in triticale improvement 
which could best be provided by universities. 

1.A) Cytogenetic research on the possibilities of overcoming 
malformation of the endosperm. 

a) by chromosome substitutions translocation 

b) by utilization of rye species which are less detrimental 
to seed formation, when used as parents in new amphiploids. 

B) Research on developmental processes. 

' Developmental research needed towards correcting ·nal -
formation of endosperm. Either histological or biochemical 
approach :may be necessary. 

2. Provide variation in daylength sensitivity. Most developing 
nations to which CL\E\IYT triticaie research is directed are 
in the low latitudes 30°N to 30°s. which require daylength 
insensitive strains. This is needed to increase the range 
of adaptation. 

3. Provide a screening nursery for '\Vintcr type triticales, 
better adapted to areas which are subjected to freezing 
temperatures during the early part of the gro\vth cycle. 
This would include screening winter x spring crosses 
and winter by winter crosses. 

4. Screening for tolerance to ergot under crop production 
conditions. 



CIMMYT would strongly support any attempts to provide 
financing for the above areas of research which are needed to 
ensure continued progress in attempts to commercialize triticale. 

October 1976. 

'm 
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A rich harvest is a tribute to the farmer's skill and the years of scientific work that have converted 
triticale from a curiosity to a genuine food crop. 

CIMMYT TODf"' Y 

WHEAT x RYE: TRITICALE 
Intensive triticale breeding at CIMMYT during the past decade has brought 

this uman-made" crop to the brink of commercial cultivation by farmers 

in the tropics and subtropics. 

TRITICALE, a new and relatively unknown crop, is 
the product of a cross between the genera Triticum 
(of which wheat is a member) and Secale (of which 
rye is member), getting half its name from each 
parental genus. Created by plant breeders, rather 

than by the natural processes of evolution, triticale 
owns th~ distinction of being the first successful 
"man-made" cereal grain. 

But for millions of food-poor people, the long, 
patient effort to develop viable triticale and perfect 



it as an economic crop is justified by far more than 
its value as a biological curiosity. In many of the 
world's least-favored agricultural environments, tri
ticale offers a double hope: yields, nutritional qual
ity and other critical characteristics equal or superior 
to those of wheat; and the tolerance for drought 
and poor soil and the resistance to disease typical of 
rye. 

Beyond its immediate potential as a food crop, 
moreover, triticale's progress from the curiosity 
shelf to the experimental. fields at CIMMYT and 
other research centers, and now to the threshold of 
widespread commercial cultivation, encourages the 
hope that other such intergeneric "wide crosses" 
will soon follow. The possibility of crossing dis
parate genera has long appealed to plant scientists 
as a powerful possibility, at least in theory. From 
the genetic material that could be combined in wide 
crosses, breeders might be able to fashion many new 
high-yielding, high-quality crops custom-tailored for 
specific human needs and agricultural constraints. 

In practice, however, enthusiasm for such specu
lations was damped by the empirical evidence that 
the same differences that mak.e distinct genera at
tractive candidates for wide c.rosses also make them 
sexually incompatible. Indeed, this reproductive 
integrity is part of the very definition of "genus" in 
dictionaries and basic biology courses. Wide crvsses 
according to the commonly accepted "laws of na
ture," are all but certain to be as sterile as mules. 
The deveiopment cif fertile triticale, leading to its 
subsequent improvement as a food crop, suggests 
that this unbreakable law of nature can at least be 
bent. 

Ancient history 
The emergence of triticale (pronounced triti-kay-/ee) 
as the first successful crop from a man-made wide 
cross coincides with the centennial of the wheat-rye 
hybrid's debut in the scientific literature. A sterile 
plant grown from a wheat x rye cross was reported 
by a researcher named Wilson to the Botanical 
Society of Edinburgh in 1875. In 1884, the-Rural 
New Yorker, reporting a replication of Wilson's ex
periment by a plant breeder named Carmen, publish
ed the first illustration of the hybrid, which bore 
a telltale resemblance to its parents. It was not 
until 1891 that the first fertile triticale was an
nounced in the literature. Among a population of 
wheat x rye crosses made in 1888, the German 
breeder Rimpau found a single spike bearing 15 
kernels, of which 12 germinated into fertile plants 
of uniform phenotype: the first true triticales. 

Rimpau's few seeds reproduced with perfect ge
netic fidelity through generation after generation. 
Until the 1930's, however, these and other triticales 
attracted relatively little interest save as taxonomic 
curiosities and evolutionary dead-ends. Their gen
erally poor appearance and persistently reluctant · 
fertility discouraged interest by practical breeders 
in the potential of triticale as a field crop. 

,_ / 

2 

The most intensive early research on triticales 
was touched off by a freak occurrence at the Agri
cultural Experiment Station of Saratov, in south
eastern Russia. In 1918, the researchers on the 
station's wheat staff were amazed to find thousands 
ofounmistakable wheat x rye hybrids in their winter 
wheat test plots. Evidently the uninvited triticales 
were the result of spontaneous fertilizations in the 
previous season between the station's wheat trials 
and border rows of rye planted, ironically, to pre
vent cross-pollination among the wheat strains. 

Although all the hybrids were male-sterile, in
capable of self-pollination, thousands of fertile seeds 
had been created by spontaneous backcrossing to 
neighboring wheats and ryes. Later derivatives from 
these backcrosses proved to be true-breeding and 
relatively fertile, as well as phenotypically inter
mediate between wheat and rye. Not until 1931, 
however, did cytological tests confirm that the hy
brids were true amphiploids (intergeneric hybrids) 
with a diploid chromosome number of 56; and even 
then the Russians still lacked a convincing expla
nation of how such amphidiploids could have aris
en from completely male-sterile plants. An ingen
ious researcher named Levitsky finally resorted to 
the theory that the Fl ovules developed asexually 
with a somatic chromosome number, which was 
somehow doubled in the first division of the egg 
cell. 

Despite the lack of a firm theoretical base, the 
Russians at Saratov and elsewhere continued to 
work on triticale during the 1920' sand early 1930' s, 
even.conducting preliminary tests of triticale's bread
baking characteristics. Unfortunately, the official 
establishment of Lysenko's doctrine of heredity, 
and then the onset of World War II, interrupted 
the Russian effort. Significant research during this 
period was also carried on at centers in other Euro
pean countries, most notably in Sweden, where 
Arne Muntzing's crucial contributions to the im
provement of triticale began in 1931 and continue 
today. In 1936, among 65 triticales grown from a 
fertile wheat x rye cross, Muntzing discovered one 
plant with three heads whose anthers had produced 
from 20 to 60 percent viable pollen grains. One 
other plant had a single partially fertile head. Using 
this pollen for self-fertilization, Muntzing suceed
ed in obtaining a single seed that germinated into a 
plant with 56 chromosomes: a new triticale. Thus 
Muntzing demonstrated "a mechanism of general 
importance" to explain the spontaneous appearance 
of fertile triticales in nature making Levitsky's theo
ry of asexual reproduction "superfluous." 

Nevertheless, through the middle of the 1930's 
triticale remained of serious scientific interest main
ly to geneticists. Consideration of its potential as 
an economic crop was forestalled by the hybrid's 
persistent high degree of sterility and. its tendency 
to set shriveled seed without sufficient endosperm 
to support seedling growth. Because of these ob
stacles to research and development, Muntzing re-



A Cl MM YT scientists excises the embryo from a 
seed, left and below, before placing the embryo in 
a nutrient medium where it will be develop leaves 
and roots. FT seeds resulting from wheat-rye crosses 
are deformed and usuaf/y unable to supply the 
nutritive needs of the seedling. 

Embryo just beginning 
to develop. 

By 4 weeks the leaves 
and roots have appeared. 
After 6 to 8 weeks the 
plant/et is transplanted in 
soil. 
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fers to the history of triticale through the mid-
1930's as "the archaic period." 

The modern era I q t/-1 
The first breakthrough came in ~with the dis
covery in France that a chrystal alkaloid, colchicine, 
could induce plants to double their chromosome 

of the lower latitudes. Once the problems frustrat
ing the creation of experimental primary triticales 
were solved, the disabilities that afflicted triticale 
as an economic field crop for the developing world 
emerged as an agenda that would challenge plant 
breeders for decades to come. 

number. With this pale yellow poison derived from Triticale comes to the new world 
the bulb of the autumn crocus, plant breeders could The early research and development work on triti-
cure sterility in triticales. Althou.,gh the colchicine cale was carried on by individual scientists and 
technique itself required more years of refinement, small teams at widely separated institutions in many 
its discovery augured the end of the major obstacle countries. The results were reported and shared, if 
to the development of triticales. at all, mainly by the traditional, slow process of 

Only a few years later, the colchicine method was publication in professional journals in a variety of 
joined by the development of a delicate technique languages. The rapid and coordinated development 
for excising triticale embryos from their shriveled since World War 11 that has brought triticale to the 
seeds and transplanting them to a nutrient culture verge of economic viability as a new food crop is the 
medium. Before these two discoveries, would-be result of a fundamental innovation in agricultural 
triticale developers were discouraged by the tedious, research in which the contributions of worldwide 
·usually fruitless search fof naturally occurring fer- networks of collaborating scientists and institu-
tile plants. By 1975, after the refinement of these tions are focused into a systematic effort by inter-
techniques, the triticale program at CIMMYT alone nationally funded and directed centers. In the case 
could report the successful production of several of triticale, the seeds of this system were planted 
hundred new fertile triticales. in only 2 years. in 1954, when the University of Manitoba, Canada, 

brought together for the first time a large number 
New troubles with triticale of primary triticales from individual researchers and 
Plant breeders could now produce unlimited num- institutions around the world. From the interna-
bers of wheat x rye crosses with reasonable assur- tional collection, plus primary triticales of their own 
ance that their primary tritical~s would grow into creation, the researchers at the university's plant 
fertile plants. ·By the same token, however, they sciences department could make an unprecedented 
were then confronted with a long list of inherent number of eclectic secondary crosses. 
liabilities in their mature populations. Not the least . An important early result of the work at Manito-
of these were the persistent tendencies of the pro- ba was the confirmation of the superior breeding 
geny of embryo-cultured chromosome-doubled pri- qualities of hexaploid triticales-hybrids of tetra-
maries, to have high rates of sterility and seeds with plaid durum wheat x diploid rye, 2n = 42, in com-
shriveled endosperm. parison with the more common octoploids, 2n = 

Even triticales that retained their reproductive _.SQ, the product of crossing rye with hexaploid 
vigor exhibited other charact.er deficiencies. Most -Dread wheat. The difference of a few chromosomes 
triticales, because they derived from European par- was crucial to future progress. As Arne Muntzing 
ents adapted to higher latitudes and long days, were later recAlled, "It is possible that the interest in tri-
late to mature in the short days typical of the de- ticale as a potential new crop would have tapered 
veloping countries for which triticale was intended, off entirely if the efforts had been limited to octo-
most of which are inside 35 degrees latitude. Some plaid material. However, this has been successfully 
of the northern triticales needed long days in order prevented by the enormous development of hexa-
to flower at all. Moreover, the early triticales were ploid triticales and by the crosses between octo-
developed from tall, weak-strawed parents, and the plaids and hexaQ!g_ids~'..' .. 
sunlight conditions of the lower latitudes encoura- ---fveI1 agalrist th~ stubbon resistance of the octo-
ged them to grow even taller and weaker. Especial- plaid form to improvement, hexaploid triticale was 
ly under the stimuli of irrigation and fertilization, something of a dark horse. Hexaploids had been 
intended to exploit their full yield potential, the produced by various breeders since 1913; the first 
tall triticales tended to lodge, or fall over, severely fertile line was reported in 1938. But, according 
depressing yield. to Muntzing, the early hexaploids displayed such 

The early triticales were also narrowly adapted poor seed development that researchers were dis-
to specific growing conditions. Their lack of versa- couraged from further efforts on such an unlikely 
tility made them inappropriate for wide use in prospect. By the mid-1950's, a few dauntless breed~ 
the developing world, where the plant type most ers were having better success, among them the 
likely to succeed is one that can tolerate a wide triticale pioneer E. Sanc;hez"Monge in Spain and 
range uf growing conditions and still yield well. the American J.G. O'Mara at Iowa State University. 
For example, the relatively few, carefully reared It was the latter who provided the Manitoba re-
experimental triticales had never been selected in searchers with their first hexaploid breeding ma-
the field for resistance to the many plant diseases terial, 1 O seeds from an embryo-cultured, colchi-
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TRITICALE: FOOD FOR PEOPLE 

While great efforts are being made in the ex
perimental fields at CIMMYT and elsewhere 
to increase the yield and broaden the adapta
tion of triticale, equal attention is being paid 
in the laboratory to the nutritional value of 
the new grain as a food for people and do
mestic animals. In 1968, assays of triticale at 
CIMMYT's Protein Quality Laboratory, under 
the direction of Evangelina Villegas, indicat
ed protein contents ranging from 11.7 percent 
to 22.5 percent of total grain weight, with 
an average level of 17 .5 percent. By compar
ison, the average protein content of wheat is 
only 12.9 percent. Triticale's vastly superior 
showing in these early tests led to premature 
publicity about a new "super food." 

As Villegas pointed out in 1973, however 
triticale's high protein content was linked to 
its malformed, incomplete endosperm, which 
exaggerated the higher protein in the germ 
and the bran. As the size and plumpness of 
the grains were increased by breeding and 
selection, the increase of starchy endosperm 
inevitably diluted the protein percentage of 
the entire seed. 

However, the loss in protein as a percentage 
of the improved grains was more than offset 
by the increase in total protein production per 
hectare. Thus, in 1968, when the best triticale 
yields were but 2500 kg/ha and the protein 
content averaged a remarkable 17 percent, to
tal protein production per hectare was 21-25 kg. 
By 1973 the protein content had dropped to 
13.7 percent, but the best yields were up to 
8000 kg/ha, resulting in a total protein pro
duction of 1100 kg/ha. 

cine-treated cross between the durum wheat Carle
ton and spring rye. 

With the O'Mara hexaploid and others developed 
at Manitoba, the Canadian triticale team was able 
to make significant progress toward a useful field 
crop. By 1969, their efforts were rewarded with 
the ·certification by the Canadian government of a 
hexaploid triticale called Rosner for commercial re
lease. That same year in Spain the hexaploid Cachi
rulo, developed under Sanchez-Monge, was released 
for commercial production. By then Hungary, 
where A. Kiss had been among the first to exploit 
the hexaploids, was already planting 15,000 hec
tares of triticale for feed. 

Triticales at CIMMYT 
Meanwhile, Norman E. Borlaug, the director of 
CIMMYT's wheat program, had seen the potential 

Protein quality, as well as protein quantity, 
is closely watched. The blological quality of 
any protein refers to its content of "essential 
amino acids" -those building-blocks of protein 
that cannot be synthesized by the systems of 
humans and other nonruminant animals and 
must therefore be eaten directly in food. In 
triticale, as in other cereal grains, the "first 
limiting amino acid"-the one most lacking-is 
lysine, therefore the percentage of lysine in 
triticale protein becomes the index t:> overall 
protein quality. 

In terms of lysine content, triticale is sig
nificantly superior to commercial wheats, in 
which lysine averages about 3.0 percent of the 
total protein. In the 5500 triticale lines ana
lized by CIMMYT's protein chemists in 1974, 
the total protein fraction averaged 13.5 per
cent, of which 3.7 percent was lysine. By 
1972-73,several advanced lines of triticale had 
a lysine content close to that of quality-pro
tein maize, which incorporates genes for high 
lysine, while the triticales were far superior to 
the maize in total protein. 

In assessing the protein quality of triticales, 
the CIMMYT laboratory uses a simple test 
based on a correlation between lysine content 
and dye-binding capacity. The same procedure 
can readily be adopted by protein laboratories 
in developing areas. In addition, the actual 
dietary value of triticale has been tested in 
feeding trials on beef and dairy cattle, hogs, 
and poultry, as well as laboratory animals. 
Current feeding trials are being carried out 
in cooperative programs between CIMMYT 
and the lnstituto Nacional de lnvestigaciones 
Pecuarias in Mexico, and with the collaboration 
of the lnstituto de Nutrici6n de Centro America 
y Panama in Guatemala. 

of the Canadian triticale work as early as 1958, 
when he visited the University of Manitoba for the 
First International Wheat Symposium. At the time, 
however, Borlaug was preoccupied with the develop
ment of the first high-yielding dwarf wheat varie
ties in a joint effort of his Rockefeller Foundation 
team and the Mexican Ministry of Agriculture. It 
was not until 1963, when the new wheats were well 
launched, that Borlaug and his colleagues could 
turn some of their attention to triticale. 

In November 1963, three Manitoban hexaploids 
were established by Borlaug's group at the Mexican 
government research station at Ciudad Obregon, in 
the northwestern state of Sonora. At the same 
time the University of Manitoba was establishing its 
own winter triticale nursery in the same region. In 
March 1965, with a special research grant from 
the Rockefeller Foundation, the triticale efforts of 
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Borlaug's group and the University of Manitoba 
were reorganized into a cooperative breeding pro
gram. 

This alliance, which continued after CIMMYT 
was founded in -1966, broadened and accelerated 
the progress of triticale development. Materials 
tested in the Canadian summer could be selected 
for significant characteristics and regrown a second 
time in the same year in the warm Sonoran winter, 
thus doubling the pace of research . The establish
ment of triticale nurseries at two CIMMYT stations
Ciudad Obregon, at sea level, and Toluca, at 2600 
meters elevation-exposed the triticales to selection 
under growing conditions more similar to those of 
the developing world than they could experience in 
Manitoba. Beyond Mexico, CIMMYT's collaborative 
relationship with a network of plant breeders, re
search institutions, and national programs around 
the world assured that promising experimental var
ieties from Mexico would be systematically tested 
uflder even more varied ·and realistic conditions. 
Finally, CIMMYT offered a unique, thoroughly 
tested collection of wheat breeding materials; an ag
gressive system for producing and testing new ge
netic combinations; and a team of trained and field
tested researchers under Borlaug's direction . 

In Mexican soil under a Mexican sun the Canadian 
triticales quickly showed their lack of adaptation 
to low-latitude growing conditions. They suffered 
from the short days. They grew too tall. ·They 
offered no resistance to stripe rust, a major disease 
of wheat. It took several generations of crossing 
to other triticales and bread wheats before enough 
strains with daylength insensitivity and disease re
sistance could be selected for replicated yield tests. 
In the results from 1 oluca and Ciudad Obregon 
the triticales-some of which had already equaled 
locally adapted wheat yields in Canada-failed to 
produce more than half as much grain as the best 
Mexican wheat. While the triticales equaled or even 
bettered the wheat in total plant material, their 
grain y ield was depressed by late maturity, lodg-

Yield, kg/ha 

4500 Top 5 triticales----.._ 

4000 

3500 

3000 

2.500 

2 000 L---+-----+---lf.---1 

70 71 72 73 74 

6 

ing and, most significantly, persistent partial sterili
ty and severe shriveling of the seed's endosperm. 

The Armadillo accident 
Before they had fairly begun to work on triticale's 
manifold disadvantages, the CIMMYT b.reeders were 
the beneficiaries of a happy accident. As Borlaug 
later described it: 

I must tell you that the largest and most important step 
toward making the breakthrough in triticale improve
ment was executed by capricious mother nature herself, 
one early dawn March morning in 1967 in Ciudad 
Obregon, Sonora, while scientific man was still in bed. 
One promiscuous, venturesome stray wheat · pollen grain 
with a potent and valuable "genetic load" from the near
by wheat breeding plots floated across the road under 
cover of darkness and fertilized a sad but permissive 
tall, sterile degenerate triticale plant . 

A year later (two generations), scientific men identi
fied several unusually promising plants in a segregating 
population. The genetic makeup of those plants clearly 
indicated the value of the illicit stray wheat pollen grain. 
Its triticale progeny indicated that in the act of fertili
zation it had dwarfed, introduced partial photoperiodic 
insensitivity and completely overcome the sterility bar
rier, which had inhibited progress in triticale improvement 
for decades. 

Borlaug concluded, "This seems to me to be nature' s 
way of telling scientists not to become too arro
gant." The CIMMYT scientists had been blessed by 
a stroke of luck similar to the one that had produced 
the first field of fertile triticales at Saratov in 1918. 
The difference was that half a century later in 
Sonora the CIMMYT triticale team was prepared 
fully to exploit its good fortune. Happily, the 
assets of the well-endowed triticale, christened Ar
madillo, proved to be highly heritable; and the 
Armadillo hexaploids crossed more readily with 
wheats and ryes than did the normal hexaploids in 
the CIMMYT program. As a result, by 1970 prac
tically every triticale at CIMMYT included Arma
dillo in its pedigree. Armadillo materials were also 
distributed to the network of breeders and research 
institutions around the world. By a single cross, 
breeders could now confer on less-favored triticales 
Armadillo's legacy of high fertility, improved grain 
test weight and yield, insensitivity to daylength, 
one gene for dwarfness, early matwity, and good 
nutritional quality. 

Encouraged by the rapid progress initiated by 
the Armadillo discovery, the International Develop
ment Research Centre in Canada and The Canadian 
International Development Agency in 1971 provided 
US$2.5 million for a 5-year program to speed the 
development of triticale as a crop for food-poor 
parts of the world. 

In worldwide trials at dozens of locations each 
year, triticale yields have climbed rapidly, 
and in 1974 exceeded yields of the wheat check 

varieties. 



A walkie-talkie helps 
Cl MM YT triticale breeders, 
Frank Zillinsky, left, and 

, Mohan Kohli, check the 
records on lines that may 
be used as parents. 

A new beginning 
Like earlier breakthroughs in the history of trtt1-
cale, tlie advent of Armadillo solved some problems
or at least indicated that they were solvable-only 
to bring others to the fore. The prescription that 
remai.ned for triticale breeders to fill was spelled 
out in 1971 by Borlaug and Frank J. Zillinsky, who 
assumed direction of CIMMYT's triticale program
then newly established as a separate entity from 
the wheat program-in 1968. "If triticale is to 
become commercially competitive with other cereal 
grains," they wrote, "it must be at least equally 
pruductive in grain yield, have adequate resistance 
to disease infection, desirable grain type, and nutri
tional quality suitable. as feed for animals and a 
food for humans." To achieve those goals, the 
1970's at CIMMYT have been a period of intensive 
effort to compress millenia of evolution into mere 
generations of painstaking breeding and selec.tion. 

Enriching the gene pool 
The precondition for overcoming the formidable 
remaining liabilities of triticale as an economic 
crop was a gene pool of rich diversity from which 
more desirable traits might be assembled. "Triticale 
has lacked the innumerable generations of natural 
selection ... under which the other cereal crops 
evolved," noted Zillinsky and Borlaug. "To make 
up for this lack of natural evolution, it will be 
necessary to establish populations as genetically 
diverse as possible .... " The development of triti
cale until 1971, however, had contrived to main
tain a very narrow genetic base, just the opposite 
of the resource the breeders now required. 

For example: each new primary triticale_must be 
"handmade" by the delicate, two-stage process of 
embryo cu I tu re and colchicine treatment, and there 
are inevitably a significant percentage of failures. 
Accordingly, the number of primary crosses to in-

traduce new germ plasm into the breeding popula
tions has been limited: only about 30 primary hexa
ploids were available at CIMMYT as late as 1972. 
In a different way, the wholesale conversion of 
CIMMYT's triticales to Armadillo parentage, while 
it vastly improved the characteristics of most lines, 
also tended to standardize the genetic stockpile 
from which the breeders could choose. 

To facilitate the diversification of the gene pool 
by the creation of new primary triticales, CIMMYT's 
laboratory scientists have made important refine
ments in the techniques for culturing embryos and 
doubling chromosomes. In 1971only150 embryos 
of new crosses could be cultured successfully, and 
of these only one seedling was successfully treated 
with colchicine. In 1973, with the improved pro
cesses, 125 new fertile primaries were produced; 
and 84 more the following year. By · 1975, 
CIMMYT's breeders were able to draw on a bank of 
some 185 primary triticales. 

Meanwhile, the triticale staff has been following 
several approaches to increase the genetic variation 
in CIMMYT's secondary breeding materials. Thou
sands of crosses have been made between triti 
cales of different pedigrees, triticales and wheats, 
and triticales and ryes. In some cases the breeders 
made specific matches between plants; but in 
others random crosses were encouraged by planting 
mixed breeding populations in adjacent rows or 
plots and letting nature take its course. 

Many of CIMMYT's triticales-all of them spring 
types, due to their Canadian origin-have been cross
ed with winter wheats, winter ryes, and winter 
triticales in a cooperative effort with breeders in 
Canada, the United States, Sweden, Great Britain, 
Germany, Hungary, and other countries. The con
version of spring triticales into winter types makes 
it possible to cross them with existing highly im
proved ryes. The germ plasm of rye land races, 
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BREAD FROM TRITICALE 

The success of triticale will finally be measured 
not only by its yield in the farmers' fields and 
its protein quality in the scientist's laborator
ies, but by its performance in the world's ovens 
in an alrr,ost endless variety of locally prefer
rE:d bread types. However, even though G. K. 
Meister, the director of the agricultural station 
at Saratov, Russia, published preliminary de
scriptions of triticale's ba~ing properties about 
1930, triticale breeders until recently have 
been preoccupied with the fundamental pro- . 
blems of fertility, yield, and adaptation. · 

The earliest studies indicated that the light, 
airy loaves of leavened bread preferred in many 
of the developed areas of the world could be 
baked from triticale flour only with the addi
tion of large proportions of wheat flour. The 
unique contribution of the wheat flour was to 
produce the elastic substance called gluten, 
which inflates and stretches during the baking 
process to produce a cellular, crusted loaf. 

In 1972, Lorenz et al. derr.onstrated that 
the deformed grains typical of triticale result
ed in inferior flour protein content compared 
to that of wheat, despite the original protein 
superiority of the triticale grain. However, 
the same researchers also found that triticale · 

collected by CIMMYT in 1972 in Turkey, one of 
rye's ancestral homes, has contributed still more 
diversity to Cl MMYT's triticale gene pool. 

The problem of productivity 
The diversified triticale gene pool was CIMMYT's 
arsenal for an attack on the factors limitrng pro
ductivity. In their earliest trials in Mexico, triticales 
had failed to yield even half as much grain as the 
best locally adapted wheat. By 1969-70, even with 
the many advantages of the Armad illo genes, Zil
linsky and Borlaug reported that "although aver
age yields in triticales have increased substantially, 
they are not yet competitive with the best com
mercial dwarf Mexican wheat varieties." 

In the 1969-70 International Triticale Yield Nurs- . 
ery (ITYN) grown at the CIMMYT station in Ciu
dad Obregon, the 10 best Armadillo-crossed com
petitors yielded an average of 4492 kilograms per 
hect9re, while the top strain reached 4990 kg/ha. 
The best wheat .check, however, yielded 6220 kg/ 
ha-almost 25 percent better than the best triticale
while the wheat average was 5417 kg/ha. Even 
these results were . distorted in favor of the triti
cales. Out of deference to the inability of the 
triticales to tolerate the optimum level of fertiliza 
tion for wheat without lodging completely, the 
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flour alone, without the addition of wheat 
flour, could yield good bread loaves with ap
propriate adjustments in absorption and fer
mentation times an'd mixing procedures . Their 
experience was confirmed by Tsen et al. and 
Arr.a ya. 

At CIMMYT, however, relatively little ef
fort is spent on producing triticale loaves to 
meet U.S. or Canadian bread preferences. 
CIMMYT's mandate is rather to adapt triticale 
to the food needs of the deve~oping countries, 
where "bread" has many other names and 
takes ·many very different forms . 
· Nevertheless, satisfactory raised bread can be 
made from some triticales. Javier Pena and 
Arnoldo Amaya, CIMMYT cereal chemists 
recently conducted baking tests on advanced 
triticale lines that have high test weight (up 
to 74 kg/ hi.) 

They found several lines that produced 
loaves with a volume of 785 cc which was 
similar to the loaf volume of the wheat check. 
In tests in which chapatis, tortillas, and 
cookies were made, a number of triticale lines 
were as good as the wheat check or better. 
Reports from Ethiopia indicate the enjera, 
the traditional "bread," can be made suc
cessfully from a flour composed of equal 
parts of triticale and teff, a North African 
cereal. 

wheat checks were grown with only 60 percent of 
their recommended nitrogen. 

Standing tall 
By 1971, among the "several shortcomings which 
must be corrected to increase yields to a level com
parable to the best wheats ," Zillinsky and Borlaug 
identified triticale's tendency to lodge-fall over
as "the most serious limiting factor to higher yields." 
They warned that "little progress in maximum 
yields can be expected until a substantial improve
ment in lodging resistance is obtained." The same 
problem had plagued many earlier investigators, in
cluding Muntzing in Sweden, Kiss in Hungary, and 

Today 's tritica/es, left, have much less shriveled 
seed than triticales in 1971, center, or 1969, right. 



The cells of a plucked root tip 
will reveal, under cytological 
examination, whether the plant 
is really triticale or just the 
result of an accidently se/f
fertilized wheat. 

Homegrown triticale provides the 
week's bread for a Mexian farm 
family. 

Dr. Kohli, left, gives an open-air 
class for CIMMYT's first triticale 
trainees-A. Merezhko, USSR; 
G. Gebeyehou, Ethiopia; and A. 
Benbelkacem, Algeria. 



Sanchez-Monge in Spain; but in the lower latitudes 
of Mexico the triticales tended to stretch still taller 
on their weak straw until they fell over. Even the 
Armadillo strains, despite one dwarfing gene in
herited from wheat, _tended to express the tallness 
of their rye parent and collapse under the weight 
of their fuller, more fertile spikes. 

As the 1969-70 ITYN demonstrated, triticale's 
propensity to grow tall and fall down · made at
tempts to increase yields through irrigation and 
fertilization ironically self-defeating. In later trials 
against wheat checks, the yields of the best triti
cales approached the wheat standard at low levels 
of nitrogen. However, as the nitrogen level ap
proached the 120 kg/ha recommended for the dwarf 
wheats, the triticales lodged severely and their yields 
actually fell, while the wheats widened their mar
gin of superiority. 

Early attempts to shorten the triticale plant by 
incorporating additional wheat dwarfing genes were 
·frustrated by the ~ inability to maintain fertility 
among the dwarf selections. Crossing Armadillo· 
strains with stiff-strawed triticales resulted in only 
moderate increases in lodging resistance. Since a 
major obstacle to the expression of the single .dwarf
ing gene in Armadillo was the tall genotype of rye, 
a third strategy was to substitute the genes of a 
dwarf rye called Snoopy. Unfortunately, along 
with its dwarfing genes Snoopy carried genes for 
susceptibility to several diseases and other unfavor
able traits. Two-gene dwarf hexaploids were final
ly derived from crosses of hexaploid triticale x 
bread wheat and octoploid triticale x hexaploid tri
ticale. Introduced in 1971 as Cinnamon, the fertile 
dwarf achieved significant improvements in yield. 
By 1975 the best triticales had excellent lodging 

Leafy, forage-type triticales can be grazed or mowed several times 
a season and later harvested for grain. 

resistance and the average height of the crop had 
been significantly reduced. Yield tests demonstrat
ed that triticale could tolerate optimum nitrogen 
levels. 

Shriveled seed 
By 1974, Zillinsky reported, "the most important 
unsolved problem in triticale breeding is abnormal 
endosperm formation." Instead of the hard, vitre
ous seed typical of wheat, ripe triticale seed has a 
wrinkled coat and a deep crease and lacks luster. 
The practical result is that triticale grain is unattrac
tive to farmers and consumers. The malformed 
seed also provides a poor environment for the em
bryo, and leads to a poor germination rate. The 
shriveled seed is reflected in low test weight (weight 

Careful daily observation of thousands of triticale lines throughout the growing season is the basis for selecting the lines that advance 
to international trials. 



DURUM WHEAT RYE 
BREAD WHEAT RYE 

A A BB (Tetraploid)_ RR !Diploid) 

A A BB DD ( Hexaploid) RR CDiploid) 

F1 

AB R (Haploid l 

Treatment with 

colchicine 

Primary Triticale 

A A BB RR C Hexaploid J 

F1 

ABDR (Haploid) 

Treatment 

w/colchicine 

Primary "Triticale" 

A A B B DD RR ( Octoploid J 

Crossing a durum wheat with rye leads to hexaploid triticale; crossing bread wheat with 
rye leads to octoploid triticale. The F1 progeny are haploid and, therefore, unable to 
self-ferti l ize. Treatment with col chicine doubles the chromosome number making 
the plant self-fertile. 



Bathing shoots of a new triticale plant in 
colchicine will double the number of 
chromosomes in the cells thus making the 
plant self-fertile. 

Will triticale succeed as a new crop? The most critical 
test occurs when a farmer goes to thresh his first 
harvest. 

On-farm trials conducted by Matt McMahon, 
Cl MM YT triticale agronomist, whets 
farmers' interest and provides valuable 
information to researchers. 

per unit volume): while the best bread wheats have 
test weights above 80 kilograms per hectoliter, tri
ticale test weights have commonly ranged from 58 
to 72 kg/hi. 

Progress in improving grain quality by conven
tional methods of breeding and selection has been 
slow. Visual screening for plump seed tends to 
eliminate genes for desired characteristics such as 
plant ·type and dwarfing which are associated with 
poorly formed grains. In 1969, Ake Gustaffson of 
Lund, Sweden, attempted to induce grain plump
ness by genetic mutation, using mutagenic chem
icals and radiation. Although some improvement 
in seed type appeared in his materials in the third 
and fourth generations after treatment, mutation 
proved not to be a general solutior:i to the problem. 

The most significant progress in seed improve
ment resulted in 1972 from a 15-day selection pro
cess beginning with 600,000 plants standing in 
6000 double rows at Ciudad Obregon. After four 
stages of elimination by visual inspection, the plump 
seeds from 2250 highly fertile plants were retained 
for crossing to the~ elite lines of triticale. By this 
tedious process, the CIMMYT plant breeders were 
able to obtain highly productive triticales with grain 
test weights as high as 76 kg/hi which had been 
designated as the triticale standard. Nevertheless, 
by 1974 the average triticale grain test weight was 
only 72 kg/hi, representing significant but slow 
progress from the 1966-67 average of only 65 kg/ 
hi, or the 1970 average of 68 kg/hi. According to 
Zillinsky, the pace of future improvement in seed 



·type depends on "the degree of selection pressure 
placed on the segregating populations, the number 
of cross-combinations made, and the obtaining of 
a fortuitous combination of compatible rye and 
wheat chromosomes." 

Disease resistance 
Diseases have nqt appeared as a serious limiting 
factor in triticale yields, probably because not 
enough trititale is yet being planted anywhere in 
the world to trigger serious outbreaks of pathogens. 
By the same token, Zillinsky notes, information on 
the inherent resistances and susceptibilities of tri
ticales to diseases is relatively scarce. However, he 
adds, "wherever the crop is grown, disease symp
toms appear, apparently caused by plant pathogens 
which parasitize wheat and rye species .... As com
mercial production increases, diseases that parasi
tize triticales will increase." 

In general, European researchers have reported, 
triticale is superior to wheat in genetic resistance to 
disease. Since 1971, CIMMYT has been monitoring 
diseases which infest triticales in Mexico. The Mex
ico triticales have proved more resistant than wheat 
to several important diseases, inctuding leaf blotch, 
powdery mildew, and the smuts. Following the 
devastation of the Toluca triticale nursery in its 
first season by stripe rust, a high degree of resist
ance was obtained by selection from intercrosses 
with resistant triticale plants and backcrosses to 
resistant wheats. At least partial resistance to leaf 
rust has been identified in some stages of certain 
triticale strains. 

On the other hand, triticales lack adequate resist
ance to certain important pathogens, including Fu
sarium head blight, Fusarium nivale, bacterial stripe 
and several virus diseases, and some root-rotting 
and leaf-destroying organisms. CIMMYT's collabor
ators at the University of Manitoba are working to 
develop triticales resistant to ergot, a fungus that 
does not appear in Mexico but attacks rye in tem
perate zones, producing highly toxic substances. 

The payoff: Increased yield 
The sometimes dramatic improvements in fertility, 
lodging resistance, grain type, genetic diversity, 
disease resistance and other factors achieved at 
CIMMYT have been manifested in steadily increas
ing yields, both absolutely and in comparison with 
wheat standards. In 1968, before the introduction 
of Armadillo fertility, the best yields for triticale 
at CIMMYT were about 2500 kg/ha, less than half 
the top wheat yield of close to 6000 kg/ha. In
creased fertility doubled triticale yields in some 
situations by 1970, and in the 1970-71 ITYN trials, 
the best triticale yielded about 85 percent as well 
as the best wheat check. By 1972 the best yields 
for Mexican wheats had increased to 8000 to 9000 
kg/ha, while the yield of the top triticale had reach
ed 7000 kg/ha. 

The Cinnamon strains with their additional dwarf-

ing genes made their debut in replicated trials in 
the 1972-73 CIMMYT yield tests in Sonora. While 
the yield of the top wheat check held_steady at 
8000 to 9000 kg/ha, the best triticale strains had 
increased their productivity by about 15 percent to 
8000 kg/ha. The top triticale yielded 8352 kg/ha. 
The yield gap between the best wheats and triticales 
in Mexico had been closed for the first time. 

In the following summer season at the high-alti
tude CIMMYT station at Toluca, triticale yields 
again equaled those of the best bread wheats. Of 
the 150 triticale lines tested at CIMMYT in 1973, 
about 35 yielded as much as 7000 kg/ha. The 
following year, 150 of the 600 lines tested met or 
bettered that standard. 

Looking ahead in 1974, Zillinsky said: "Further 
increments in grain yield in triticales are expected 
with the introduction of more dwarfing genes and 
improvements in tillering capacity, grain density, 
and plant structure. An immediate increase of 10 
to 15 percent could be achieved if triticales could 
produce grain of equal density tu wheat. I ncreas-· 
ing spike length may also result in yield increases, 
perhaps compensating for the present deficiencies 
in tillering capacity." 

Adaptation 
The assignment undertaken by the CIMMYT-Uni
versity of Manitoba triticale program was not fully 
discharged. by the achievement of triticale strains 
that could equal or outperform the best wheats 
under the carefully controlled conditions at Mex
ican experiment stations. Rather, the mandate 
from the Canadian International Development Re
search Centre in 1971 was specifically for the de
velopment of superior triticales so broadly adap
ted that they could compete with traditional grains 
in the varied and often marginal agricultural condi
tions typical of the developing world. 

But,asZillinsky and Borlaug recognized in 1971, 
"the current strains of triticale appear to be notor
iously poor in adaptation." They noted a crippling 
intolerance for "changes in latitude, ... elevation, 
temperature, daylength, availability of moisture and 
nutrients, and probably many other factors .... " 
The explanation for triticale's poor adaptation was 
obvious: lack of evolutionary opportunity. "To 
make up for this lack of evolution," the CIMMYT 
breeders prescribed, "it will be necessary to establ.ish 
populations as genetically diverse as possible and 
have them grown and selected in various environ
ments around the world. The best selections from 
all possible sources will subsequently be brought 
together and hybridized to establish a second cycle 
of diverse material." 

"Such a program," they realized, "requires the 
generous cooperation of many interested scientists 
around the world." CIMMYT initiated an interna
tional triticale testing program in 1969, involving 
university researchers and public plant-breeding 
institutions in systematic cooperative exchanges of 
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breeding materials and data. By 1973, international 
triticale nurseries from CIMMYT were grown in 
some 48 countries in 212 trials. In the early years, 
CIMMYT triticale nurseries were sent to all co
operators who would accept them. By 1975, how
ever, 338 trials were grown in 73 countries and 
CIMMYT was unable td satisfy many additional 
requests for seed. 

The great increase in the range of environments 
in which the triticales are tested, combined with 
the great expansion of the diversified gene pool, 
has resulted in a remarkable improvement in adap
tation, as manifested by the ITYN trial results from 
all locations around the world. In the 1969-70 
ITYN, the best triticales yielded only 70 to 75 
percent as well as the top wheat. Two years later, 
the triticales were only 5 percent short, and by 
the 1973-74 trials, the average yield of the five top 
triticales had pulled 15 percent ahead of the top 
wheat in the trials. In Winnipeg, at the University 
of Manitoba, the top-yielding triticale outyielded 
the top feed wheat by 18 percent while at the 
Canadian nursery at Tulelake, California, the best 
triticale yielded 9890 kg/ha, 21 percent higher than 
the top wheat. . . 

By 1975, the broadening adaptation of triticale 
was being demonstrated in a growing number of 
actual agricultural environments, including the dif
ficult conditions typical of the poorest areas of 
the world. Kiss in Hungary, Muntzing in Sweden 
and Sanchez-Monge in Spain reported that triticales 
have replaced rye to a significant degree in sandy 
soils. Under similar conditions in the high plateau 
region of Mexico, triticales have outyielded .. wheat 
for 3 successive years. 

Triticale has demonstrated an adaptation to acid
ic, low pH soils in several areas of the world. Such 
conditions exist in Colombia, Ethiopia, Northern 
India and Brazil. In each of these countries tri
ticales have shown yield performance superior to 
wheat. The resistance of triticale ,to bunts and 
loose smut at higher elevations provides an advan
tage for the crop. Its greater resistance to Septoria 
tritici is an added advantage in areas where this 
disease is prevalent-Brazil, Argentina, Ethiopia, 
and the Mediterranean region. In Brazil it appears 
more tolerant than wheat to aluminum toxicity. 
In Kenya and some other locations triticale has 
outyielded wheat under drought conditions. 

The final test 
After 10 years of intensive development by the 
CIMMYT-University of Manitoba program and its 
many cooperators around the world, triticale's value 
as a versatile food crop for hungry people in many 
areas of the world remains a promise on the verge 
of fulfillment. ·Although estimates vary widely 
Zillinsky believes that only 100,000 hectares of tri
ticale are 19eing grown worldwide in the mid-1970's. · 

Since 1961, a modest production of triticale has 
been grown in Canada for use in distilling whisky. 
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In Hungary and Spain, where they were certified for 
release in the 1960's triticales are grown almost 
exclusively as feed grains in special circumstances 
where rye does not do well. Argentina has also 
recently released triticale as a forage crop. Small 
amounts of triticale have been grown as winter 
forage since 1971 in the southwestern USA. One 
Texas manufacturer has marketed triticale bread, 
cakes, macaroni, and pancake flour in small quanti
ties, but most of the triticale for human consump
tion in the United States is1 sold at a premium in 
speciality stores. 

Recognizing the disparity between triticale's ori
ginal, well-publicized promise and its necessarily 
measured progress, Zillinsky in 1974 warned that 
"unethical tactics used in the promotion of seed 

· sales and overenthusiastic reporting have created 
a distorted image of the crop. Most research scien
tists agree that it has .potential but is not yet ready 
for general production in competition with adapted 
varieties of other cereal crops." 

Despite Zillinsky's caution, however, by 1975 
there were encouraging signs that the demonstra
tions of triticale's adaptation as a high-yielding crop 
in a growing number of agricultural environments 
would soon be translated into widespread com
mercial plantings. Already in Ethiopia, where 5 
years of experimentation with triticale in coopera
tion with CIMMYT resulted in yields far superior 
to wheat, one or two promising strains were being 
multiplied for possible release as commercial crops. 
Advanced experimental trials in Algeria, Kenya, Tur
key, and India suggested that official acceptance of 
triticale in those countries was not far off. Among 
the triticale breeders at CIMMYT and the Universi
ty of Manitoba and their cooperators around the 
world-workers whose genes for patience are rein
forced by the discipline of their calling-there was 
no doubt that they were close to fulfilling the need, 
stated by the IDRC, for "a valuable new source of 
protein and essential nutrients for many people of 
the developing wortd." 

Summing up at an international tritic;:ile sym
posium at CIMMYT in 1973, L.H. Shebeski, who 
had initiated the Manitoba triticale program 10 
years before, told almost 100 participants from 
more than 15 countries. 

In my opinion, over the next 15 years, yields of triticale 
will improve much more rapidly than those of wheat 
and should plateau at a level approximately 50 percent 
higher than those of wheat. This is no idle specula
tion ... , With rapidly expanding programs and a quick
ly widening genetic base, with improved fertility and seed 
density, with improving world-wide cooperation, the im
provements over the next 15 years will greatly sur
pass all improvements that so far have been attained. 

By about 1990, Shebeski concluded, "triticale will 
have begun to compete seriously with the bread 
wheats as one of the world's most important food 
crops." -Anthony Wolff. 



1875 Scotland 

1888 Germany 

1918 Russia 

1935 Germany 

Sweden 

1937 France 
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1954 Canada 

1964 Mexico 

1965 Canada 

1966 Mexico 

1968 Mexico 

1968-69 Hungary 

Spain 

1970 Canada 

1971 Mexico 

Mexico 

1972 Mexico 

1973 Mexico 

1974 Mexico 

TRITICALE'S FIRST CENTURY 

A. Stephen Wilson reports first known wheat x rye cross, resulting in sterile plant. 

First fertile wheat x rye hybrid achieved by W. Rimpau. 

Thousands of wheat x rye hybrids appear at Saratov research station. F 1 plants produce seeds 
from which true-breeding, fairly fertile, phenotypically intermediate hybrids are derived. 

Name "triticale"-from "Triticum" (wheat) and "Secale" (rye)-appears in scientific literature. 

Arne Muntzing beings intensive work on triticale; discovers mechanism of spontaneous fertility 
in wheat x rye hybrids. 

Pierre Givaudon develops colchicine technique for doubling chromosomes of sterile hybrids, 
making possible the routine production of fertile triticales. 

Development of embryo culture technique for growing hybrid embryos from seeds with mal
formed endosperm. 

University of Manitoba, Canada, ina1;1gurates first North American effort to develop triticale 
as a commercial crop. L.H. Shebeski, B.C. Jenkins, L. Evans, and others assemble world 
collection of primary triticales. 

The International Wheat Improvement Project of the Rockefeller Foundation makes informal 
agreement with the University of Manitoba to expand work on triticale. 

Rockefeller Foundation makes 3-ye(lr grant to University of Manitoba for research on triticale 
in collaboration with the International Wheat Improvement Project. 

CIMMYT founded; cooperation with University of Manitoba continues. 

Armadillo strain, with almost complete fertility, one dwarfing gene, and superior plant type,. 
appears spontaneously in CIMMYT plots at the Ciudad Obregon station. Becomes progenitor 
for triticales around the world. 

Two secondary hexaploids developed by Kiss in 1965 certified for commercial production and 
release. 

Hexaploid developed by Sanchez-Monge released for commercial production. 

Rosner strain, developed at University of Manitoba and used by distillers since early 1960's, 
becomes first North American triticale released for general use. 

International Development Research Center and Canadian International Development Agency 
make US$2.5 million grant to CIMMYT-University of Manitoba program for 5-year research 
effort. 

Debut of Cinnamon line, first two-gene dwarf, to counteract high rate of lodging in triticales. 

CIMMYT begins intensive selection and breeding for grain plumpness with high fertility. Also 
begi1<1s efforts to broaden triticale's genetic base. 

In CIMMYT winter yield tests at Ciudad Obregon and summer trials at Toluca, best triticales 
yield about as well as top wheat checks. 

Grain test weight of CIMMYT triticales averages 72 kilograms per hectoliter up from 68 kilograms 
per hectoliter in 1970. 

150 of 600 triticale lines tested at CIMMYT yield 7000 kg/ha. 

The five highest yielding triticales in trials at 47 world wide locations yielded 15 percent more 
than the best bread wheat check variety. 
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