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I. INTRODUCTION 

Triticale has created considerable discussion and controversy during the 
past few years. It has been promoted extensively in North America as a miracle 
crop, the answer tc growing protein deficits. Its failure to live up to the promo
tion has caused considerable disappointment among growers and commercial 
campaigns. 

Scientists and reporters who have made a more critical appraisal of the 
developments of this crop feel that what is wrong has more to do with promo· 
tion than with performance. Fitchie ( 1972), after an extensive survery of triticale 
in the United States, aptly commented in The Farm Quarte.rly that triticale 
deserves better than to be labeled merely a figment of promotion. He pointed 
out that the crop suffers from comparatively poor yields, inconsistent quality, 
winterkill, sterility, diseases (mostly ergot), lack of established markets and 
lack of proven management. Most of these problems are due to haste in moving 
it out of the laboratory and into farmers' fields. Lebsock ( 1972), summarizing 
the performance of triticales in the United States, estimated that triticale grain 
yields averaged about 78% of wheat yields over all tests. 

What is mo5~ significant, howeve_r, is that in areas where triticale improve
ment work is carried on, remarkable improvement in yield has been demon
strated. Most encouraging of all is the enthusiasm with which numerous scientists 
all over the world have undertaken the task of developing this crop so that it 
may make a significant contributi~n to the world food supply. 

This report deals with the research efforts of CIMMYT scientists and co
operators to improve triticales: A bril.'f history of triticale developmPnt and the 
CIMMYT research program o_bjectives and progress were reported in ClMMYT 
Research Bullet:n No. 17, February 1971. 

A review of triticale prepared by Dr. Marco QuinonPs as an introduction 
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to a Ph. D: thesis provides the introductory section for this report as well as 
references to research reported on the crop. 
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TRITICALE: A MANMADE NEW BOTANICAL GENUS 

Marco A. Quinones* 

Tritic'ale is a new plant genus produced artificially by man. It results from 
crossing either hexaploid or tetraploid wheat ( T riticum sp.) with diploid rye 
species (Secale sp.) followed by the doubling of the chromosome complement 
of the sterile F 1 hybrid. The name Triticale has been coined from the prefix 
of Triticum and the suffix of Secale, the parental genera ( 17). According to 
O'Mara (13), Wilson in 1876 was the first to obtain and describe a sterile F 1 

triticale hybrid, although the first fertile triticale was not reported until 1888 
by a German worker, Rimpau. Presumably, the fully fertile amphiploid was 
derived via spontaneous chromosome doubling within a natural population. Since 
then, many new triticales have been produced artificially. 

In general, most of the early triticales were the subject of study by botanists 
and cytogeneticists who were mainly concerned with the taxonomic and evolu
tionary aspect of intergeneric hybrids ( 4, 6, 13). It was not until the early 1930s 
that triticale began to he evaluated as a potentially new field crop ( 10, 11), 

Ploidy Level of Triticale 

Two polyploid forms can commonly he produced in triticale, namely, hexa
ploid (2N = 6x = 42) and octoploid (2N = 8x = 56). Hexaploid triticales 

* Head of the durum wheat breeding program at CIMMYT. This report is part 
of a Ph.D. thesis study at the University of Manitoba, 1970-71. 
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result from hybridizing any of the wheat cultivars belonging to the tetraploid 
species T. turgidum L.** with any of the diploid species of Secale sp. followed 
by doubling of the chromosome number of the resulting sterile hybrid. Likewise, 
an octoploid triticale is derived by doubling the hybrid produced from crosses 
between any of the hexaploid cultivars of T. aestivum L. em Thell. and diploid 
rye. 

Cytogenetics and Fertility of Primary Triticales 

Triticale combines the full chromosome complement of both wheat and rye. 
Wheat;rye cros5r>s are relatively easy to perform, although the percentage seed 
set obtained is normally not high. However, by excising the embryo from the 
seed and culturing it in synthetic media ( 2, 16) relatively good success in 
rearing the hybrid seedlings can be achieved. These F1 hybrids are sterile due 
to chromosomal imbalance of the gametes. However, w.ith the use of certain 
drugs, e.g., colchicine, their complete chromosome complement can be doubled 
(2). This results in the production of balanced gametes and, consequently, a 
fertile amphiploid. Triticales produced by this means are usually referred to as 
raw or primary triticales in contrast to the so-called secondary triticales which 
are obtained by recombination due to crossing and selection between two or 
more primary triticales. 

Primary triticales are characterized by their partial fertility which has been 
observed in ho!h the hexaploid and octoploid types ( 6, 10, 13) . The reason for 
such infertility is yet not fully understood although Miintzing and his co-workers 
(10, 12) observed the meiotic chromosome behavior of octoploid triticales to 
he highly irregular and suggested that this in part was the cause of infertility. 
He proposed that this anomalous meiotic behavior resulted from inbreeding 
depression of the rye component when incorporated into an otherwise inbreed
ing species. O'Mara (13), however, disagreed with this interpretation on the 
basis of his findir.gs that hybrids between octoploid triticales--in which there 
would not be inbreeding depression-wen· sometimes more meiotically irregular 
and less fertile than the parental lines. Riley and Chapman (17) proposed that 
cytological instability and low fertility of triticale were two unrelated pheno
mena and that eelection for improved fertility would not automatically result 
in increased meiotic regularity. They contended that infertility was the result 
of a general incompatibility between the genotypes of inbreeders such as wheat 
and the genotype of rye which is an outbreeder. Riley and Bell (16) showed 
that the11e was little correlation between the frequency of univalents and fertility 

** The wheat nomenclature system as proposed by Morris and Sears (9) is used 
throughout this article. 
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in several artificially produced amphiploids. Miintzing (I I), and Miintzing 
et al. ( 12} noted that most chromosomes observed as univalents in metaphase I 
of triticale wer~ rye chromosomes, a condition particularly true in octoploid 
triticales in which reversion to pure wheat due to loss of the rye chromosomes 
is sometimes observed to occur. 

Cytological instability and partial fertility is also known to exist in primary 
hexaploid tritic3b ( 6, I8). Sanchea-Monge (18) reported that the frequency 
of univalents observed in methaphase I is of samt' magnitude as that found 
in the octoploid forms. Moreover, he expressed the opinion that such univalents 
were rye chromosomes. More recently, however, Shigenaga and Laiter (19, 20) 
reported that in the hexaploid cultivar Rosner, both wheat and rye chromo· 
somes contribute t& the aneuploid condition. 

It remain~ oowevu, that the fertility of both octoploid and hexapioid forms 
of primary triticaies has been impfGved over the yeus as a resuh of selection, 
although IWJlle have been found with fertility equ3J to that of cultivated wheat. 
Further pro~ in the imprOYemeut of fertility has been made through the 
utilization of p!llrrafT ~ in a hybridization and selection program. 

Improvement of Triticalc: Through Breeding. 

Low seed yield. of tritie.ale Hi general ha$ been correlated with one or more 
of the folio.wing diaraden: 

l. Redu.eed fertility~ 

2. Shri~g. of ~ :resulting from inCOB1plete erulosperm development 
and~ consequentfy, fow test weight. 

3. Weak straw, which :i;esults in early lodging.. 

4. Latene55, whim becomes a limiting factor under conditioos of soil mois· 
ture stress or riSk of frost. 

In addition, Zill~ and: Borlaug (24) mentioned the following factors 
that affect yield stability of triticale: 

5. Genetic sensitivity to. day length; some triticab require long days in 
order to flower; therefoce, they behave poorly under short-day conditions. 

6. Restricted adaptation. 

7. Disease problems-.. 

Octoploid Tritica&s .. Miintzing (IO) in 1934 was. first to engage in a 
program to im!>rove triticale through hybridization and selection. The first 
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strains evaluated hy him yielded only 50% of the yield of a wheat cuhivar 
included as a standard. By 1963. however, the yield had been raised to 97% 
of the wheat standard. Miintzing (11) attributed this success to the improve
ment of s~ed type and increased test weight. He noted that altliough fertility 
of these triticales was improved relative to the strains initially tested, it never 
approached that of the wheat cultivar. 

Hexaploid Triticaks. Recently attention has been shifted towards the hexa
ploids forms of triticale as a crop species. Sanchez-Monge ( 18) postulated 
that the optimum chromosome number of triticale was at the hexaploid level 
and that emphasis should be placed on the investigation of strains of this par
'.icular type. He. noted that primary hexaploid ( 6x) triticales had incomplete 
fertility similar to that found in the octoploid (8x) forms. However, pheno
typically the 6x triticale was far more vigorous and tillered more than the 8x 
types. Pissarev ( 14) reported that almost complete fertility could he achieved 
hy crossing octoploid with hexaploid triticales and then selecting for highly 
fertile reoomhinants. Kiss ( 4) has also followed a similar approach with some 

success. 

The most intensive breeding programs geared to develop hexaploid tri
ticale as a new field crop are those being conducted by the University of Mani
toba in Canada and by the Centro lnternaoional de Mejoramiento de Maiz y Trigo 
I CIMMYT) in Mexico ( 6, 24) . 

The Canadian program was initiated in 1954 when the University of 
Manitoba obtained a large number of primary triticales from cooperators 
throughout thP world ( 6). These triticales were initially evaluatt>d in the field 
and the most promising strains saved for furtht>r improvement through hybrid
ization. Simultaneously, the production of new primary triticales was under
takPn. According to Larter et al. ( 6), the first lines derived from intercrossing 
primary triticales were excessively tall and not suited for immediate use as a 
cereal crop. They observed, however, that hexaploid triticale was higher in 
ft'ftility and dfwelcped better seed than the octoploid forms. 

In 1963, the University of Manitoba initiated a winter triticale nursery in 

northwestern Mexico with the aim of obtaining two plant generations each year, 

one in Canada in the summer and one in Mexico during the winter. This move 

proved highly rewarding to the breeding program in that it permitted breed

ing materials to be evaluated in a new environment where strains with broader 

adaptation, earliness and insensitive to day length could he selected ( 6). 

Yield tests from 26 localities across western Canada showed that some of 
the most recent triticale selections compared favorably with wheat cultivars 
in regard to plant height, maturity, straw strength, and resistance to stem rust 
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(6). It was observed, however, that triticale was narrowly adapted, particularly 
under conditions of high moisture stress where considerable sterility and, thus, 
low yields were recorded ( 6). However, the overall yield of th!" best triticale 
strain equalled that of the standard wheat cultivar. 

The Mexican triticale program carried out by CIMMYT is a direct out· 
growth of a cooperative breeding program established in 1964 by this institution 
and the University fo Manitoba (24) .. These two centers freely exchange breed
ing materials and information which has led to a rapid improvement of hex
aploid triticale. The following are some of the most outstanding improvements 
of triticale achieved by this combined breeding effort ( 6, 24) : 

1. The development of lines having complete fertility thereby removing 
the most important limiting factor in raising yields. 

2. The selection of fertile lines in which seed shrivelling has been elimi· 
nated. 

3. Selection of lines carrying genes for light insensitivity, which permit 
the evaluation of breeding material under either ~hort· or long·day conditions. 

4. Improvement of yield-a direct response of the overall upgrading of 
plant type, seed weight, and fertility. 

The solution to these problems has greatly enhanced the possibilities of 
triticale becoming a new cereal crop. However, many other problems still remain 
to he solved among which the following are given priority by CJMMYT'~ 
breeders: 

1. The introduction of genes for dwarfism to reduce crop losses dut> to 
lodging. 

2. The fixation of genotypes that condition broader adaptation and sta· 
hility under many different environment and soil conditions. 

3. An unde1standing of the mechanisms of disease resistancr. 

4. The search for triticale lines possessing high levels of grain protein and 
lysine, and, thus, the production of triticale cultivars with high nutritive valut>. 

Potential Utilization of Triticale 

Pissarev ( 14) reported that octoploid triticales could produce a hight-.r 
protein content and still retain the bread-making quality of hexaploid wheats. 
Miintzing ( 11) has also found that octoploid triticales have, in general, a higher 
protein content than wheat, together with superior gluten and br ... ad-makin~ 
properties. 
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Hexaploid triticales do not possess the same bread-making characteristics 
present in the octoploid forms (21). However, Larter et al. (6) do not consider 
this to he a serious drawback since hexaploid triticale could likely find its 
place in those countries where unleavened bread is commonly used. They also 
reported that some triticale lines have been experimentally processed as break
fast foods with excellent results. Other possible uses of triticale are in the 
distilling and brewing industry and as a feed for livestock consumption ( 6). 

Protein content in the grain of hexaploid triticales is reported to he of 
the same level as that found in bread wheats with the amino acid balance 
comparing favorably with that of either wheat or barley ( 6, 22) , particularly 
the essential amino acids threonine and lysine. 

Studies macle at CIMMYT (22, 24) have shown that h<>th protein and 
lysine content of the grain are greatly affected by the environment and that 
there is an inYUS(' relationship between protein content and percentage of 

lysine. 

Some recent studies on the nutritive value of triticale proteins m feeding 
trials using th~ meadow vole (MU:rotus pennsylvanicus) have shown that con
siderable diversity exists in the efficiency with which such proteins increase 
body weight (24). Protein efficiency ratings as reported by Elliott (24) ranged 
from values approaching zero to values equal to egg protein. These findings 
have further enhanced the possibility of hexaploid triticale becoming an es
tablished crop <species of importance, especially if plant breeders could produce 
cultivars with high nutritional value. 

Disease Problems in Triticale 

. Octoploid 'lS well as hexaploid forms of triticale are reported to be sus
ceptible to manv of the same microbial pathogens that attack both wheat and 
rye (24). Susceptibility to ergot (Claviceps purpurea) is a serious problem in 
most rye culti V'.1.!"f. and it is also found in some triticales ( 6, 24) . This disease 
is endemic in tfmperate zones where rY~ is commonly cultivated and could 
seriously restrict triticale production ill these areas unless resistance is found. 
Bacterial .blight presumably caused by Xantl•1.monas translucens (24) als<> is 
found in many experimental lines of triticale.e 

The cereal ru5ts (Pucci.ma sp.) are con~,idered to be the most serious 
threat to triticale production. It is gener~lly believed that wheat is resistant 
t<> the rust forms which attack rye, and that rye is not attacked by rusts special
ized to wheat (8, 23). Consequently, triticale which combines the full chrorno~ 
some complemP!lt of both wheat and rye could be expected to he resistant to 
both rust forms. In practice this expectation has not been realized and several 
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rust species, particularly those having wheat as a host, infect triticalf' (3, 7. 
15). Nevf'rthde:::s, variation m infection types similar to that found in wheat 
also occurs in triticale. 

Chester ( 3) reported that leaf rust rt>actions of several triticalf's tt>sted by 
him were the same as those of the wheat part>nt, i.e., susceptibility to wheat 
leaf rust ( P. recondita triticz'.) and resistance to rye leaf ru;4 P. dispersa ( = P. 
recoridita secalis}. Larter et al. (6) recognized that resistance to P. recnndita 
tritici was lacking in Canadi~n triticales. They also suggested that resistance 
to the existing races of P. gra.minis tritici in western Canada was conditioned 
hy genes for resi~tance contributed by the rye parent. 

Lopez ( 7) screened many lines of octoploid and hexaploid triticall's in tht" 
seedling stage with several stem rust isolates collectt>d from triticalt>, wht>at and 
rye. He report~d that it was mainly the wheat stem rust pathogen that was 
virulent on triticales, although a few ryt> stem rust isolates Wl'fl' also found 
to attack the same triticales. Rajaram et al. ( 15) recorded the reactions of 
several lines of htxaploid and octoploid triticales to leaf rust collectt>d from 
hexaploid wheats. They reported that some lines had seedling resistanct>. In 
addition, some of the susceptible seedling triticales, when tested in tht> adult. 
plant stage, showed some resistance. 

Taxonomic Problems in Triticale 

According to Baum ( 1), Wittmack in 1899 first applied tht> namt> Triti
cosecole to intergeneric fertile hybrids resulting from the cross Triticum aesti. 
rum X Secale cereale. This same class of hybrids was later rt>ferred to as 
Triticale ( 10) :md O'Mara (13) suggested that this name be const>rved to de
scribe all allopoJyploids resulting from crossing wheat with ryt>. The name has 
been widely accepted and used in connection with both octoploid and hexaploid 
forms. Baum (l) proposed that Triticale should be reserved as the valid ge
neric name in view of its extensive use in the literature, notwithstanding the 
Parlier use of the term Triticosecale. 

In regard to the species name, some disagreement exists. Larter et al. ( 5) 

proposed the scientific name Triticale hexapwide Lar. for the hexaploid forms. 
However, their proposal has not heen accepted by Baum (I) on the grounds 
that it does not conform to regulations of the International Code of Botanical 
Nomenclature. Baum (I) in turn proposed a species name in accordance with 
the parental wheat and rye species involved in the synthesis of the amphiploid. 
Thus, Triticak turgidocereale would describe the hybrid from the cross T. tur
r,idum X Secale cereak, Triticale dicoccoceneale describes the amphiploid T. 
dicoccum X S. cereak and so on. This system of naming would have some 
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merit only ir WP were to restrict the naming of triticales to the primary forms. 
In addition, all of these "species" are fully interfertile and extensively used in 
hybridization p1ograms. Some system of naming hybrids such as Baum's Tri. 
ticale turgidocereale X Triticale duro-TTWntanum or TritU:ole diroccocerea/,e X 
Tniticale persicocereale or any other hybrid combination for that matter would 
have to be developed. Clearly, Baum's proposal lacks the flexibility 11eeded in 
such system. 
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II. BREEDING FOR IMPROVED AGRONOMIC 
CHARACTERISTICS 

F. ]. Zileinsky and Alfonso Lopez B.* 

The tritica!f' program at CIMMYT was organized in December 1964 to 
1·stablish an expanded cooperative triticale improvement program between the 
Plant Science Department, University of Manitoba, Canada, and CIMMYT. Fi
nancial assistanc~ was provided under a grant from the Rockefeller Foundation. 
In 1968 furth:'r assistance to the program was provided by the Ford Foun
dation. In July 1971 the Government of Canada through CIDA and IDRC 
undertook funrling for an expanded triticale development program with the 
University of Manitoba. cooperating. 

Major empha~is is directed towards improving hexaploid triticales. New 
primary octaplo!rl triticales are continually being produced but these have been 
used as parents in crosses to hexaploids. The program has expanded consider
ably in staff !lnd land area occupied. Among the new additions to the staff 
during the past year has been Dr. Armando Campos, a plant pathologist who 
is also undertaking the embryo culture work to develop new pri~ary triticales. 
Dr. Man Mohan Kohli, a breeder, was seconded from the wheat program. He 
will concentrate on broadening the genetic base of triticales through inter
specific crosses :md intercrosses between winter and spring types. Mrs. Marga
rita Sos.a, a cytology specialist, has experience in triticale research with Dr. 
A. Miintzing at the University of Lund, Sweden. Mrs. Sosa joined the triticale 
staff in August 1972. Juan J. Salmeron is the latest addition to the technic~I 
staff to assist Alfonso Lopez, who is now in his sixth year in the triticale pro
gram, and Jose Daniel, who joined us th£ee years ago. 

• Triticale agronomist, CIMMYT. 
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Yield Improvement 

A major advance in triticale improvement was realized with the develop
ment of a highly fertile strain of hexaploid triticale called Armadillo (Zillinsky 
and Borlaug 19?1). Selections from cross X 308 (from which Armadillo was 
o4tained) posses.c:ec a combination of characteristics unique in triticales. Among 
these were high fertility, better test weight, better yield, insensitivity to day 
length, earlines;;, cne gene for dwarfness and good nutritional quality. All of 
these factors are heritable and easily transmitted to progeny. Selections from 
Armadillo resulted in yield increases of 50% to 60% above those obtained 
from triticale strains grown before the 1968-69 season. 

Despite the very substantial improvements obtained from Armadillo, there 
were still several important problems to overcome. Susceptibility to lodging 
and poor endospP,rm development were the most serious. Other problems requir
ing attention were susceptibility to diseases, shattering, preha-rvest sprouting, 
poor tillering, poor adaptation and deficiencies in nutritional quality. Research 
towards overcoming these problems is reported in various sections of this report. 
An intensive crossing program was statted in 1968 in an effort to improve 
the more serious defects of the Armadillo strains. Three groups of crosses were 
made: (a) between Armadillo and other hexaploid triticales; ( b) between 
Armadillo strains and octaploid triticales; and ( c) between Armadillo strains 
and dwarf Mexican wheats, both hexaploid and tetraploid. The first strains to 
be selected from these crosses were entered in yield tests during the 1971 sum
mer season at Toluca. 

Triticale nurseries are grown during winter in Sonora (latitude, 27° 20' N; 
elevation, 40 meters). The crop is grown under irrigation. So~ing begins dur
ing the latter part of November and the crop is harvested in April. The mili't 
serious diseases affecting wheat arid triticales in Sonora are leaf and stem rust, 
and leaf firing. Since the crop is grown under an ex(:ellent environment and 
high nitrogen fertilization, the most serious problem in triticale production is 
lodging. Infestations of aphids and armyworms occur regularly but good con
trol is obtained with insecticide sprays. 

The summer nurseries are grown under rainfed conditions in the State 
of Mexico at Toluca (latitude, 19° 31' N; elevation, 2,600 meters) and El Batan 
(latitude, 19° 31' N; elevation, 2,249 meters). The nurseries are sown in June 
and harvested in October. 

Diseases reduce yields more at these locations than in Sonora. Frequent 
rains and heavy dews in the Toluca nursery are highly conducive to the de
velopment of leaf diseases, including stripe rust ( Puc<inia striif or mis west) ; 
scab (GibbereUa zeae [Schw] Petch); leaf blotch (Septoria tritici Rob ex 
Desm.) and leaf blight (Fusarium niva/,e Fr. Ces.). The night temperatures are 
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This strain orf Armadillo, while shorter than the tall primary triticafos, is still susceptible 
to lodging. Developing the Armadillo strains was the first step in reducing the height 
of triticales. 



somewhat cool for rapid development of stem rust although natural infestations 
of both stem ru">t and leaf rust occur each year. Leaf diseases which are preva
lent in Toluca also occur at El Batan. Root and crown rots caused by Cochlio
bolus sativum (Ito and Kurib) infest both nurseries, but are more severe at 
EI Batan than at Toluca. High humidity and frequent rains during the harvest 
are common. The generally poor conditions at harvest and heavy disease in
festation tend to lower seed quality and viability. 

A summary of the progress in improving triticale yields is presented in 
Table II-1. The greatest advance came immediately after the Armadillo strain,. 
were included in yield tests in 1969. Entries in yield tests between 1969 and 
1971 constituted the original Armadillo strains and reselections from them. 
The triticale entries have approached the yield of the top wheat checks more 
rapidly and more closely in the Toluca and El Batan nurseries than they have 
in the Yaqui Valley. This is probably because it has been easier to overcome 
the diseases which limit production in the State of Mexico nurseries than to 
overcome lodging, which is the greatest barrier to high yields in the Yaqui 
Valley nurseries. 

TABLE 11-1. Yields of triticales versus wheat checks (Sonora winter nursery) 

Triticale yields, kg/ha Wheat check yields, kg/ha 

Location and year Average Top strain Average Top che<'k 

CIANO 1967-68 2663 3196 4213 5207 
CIANO 1969-70 4492 4990 5417 6202 
Navojoa 1969-70 5066 6282 5 321 6491 
Navojoa 1970-71 5250 6320 5950 6600 
CIANO 1971-72 5237 5388 5432 6457 
Navojoa 1971-72 5152 5443 4958 5339 

MEXICO SUMMER NURSERY 

Toluca 1968 2691 3190 Nooe included 
El Batiin & Toluca 1969 3229 3972 3554 3645 
El Batiin & Toluca 1970 4117 4853 3737 4613 
El Batan & Toluca 1971 3750 4590 3800 4610 
Toluca 1972 4214 4738 4528 4669 

Tahies 11-2, 11-3, 11-4 and 11-5 provide summaries of the yield tests on 
summer and winter nurseries in which strains selected from crosses involvinu 

"' Armadillo were included. 

During the first two cycles, in which the new strains were included in 
tests with Armadillos, there were very few which had a better yield performance 
than the stand'.lrd Armadillo check (105). In the 1972 summer nursery at 
Toluca and El Batan several of the newer strains outyielded Armadillo 105 
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TABLE II-2. Summary of yields of triticales and check vanet1rs in tests at 
Toluca (MV-71) 4 reps., 6 rows 2 meters in lenght (yields in metric tons p2r 
hectare) 

Variety and 
crop 

Bread wheat 
Average 
Top variety 

Durum wheat 
Average 
Top variety 

Triticales 
Armadillo check 
Top strain 
Average of triticales 

Expt. I 
tons/ ha 

3.96 
4.40 

1.94 
2.16 

3.95 
4.50 
3.94 

Expt. II 
tons/ha 

3.82 
5.10 

1.96 
2.02 

3.83 
4.51 
3.87 

Expt. III 
tons/ ha 

3.52 
4.38 

1.98 
2.16 

3.71 
4.40 
3.75 

Expt. IV 
tons/ ha 

3.89 
4.55 

2.28 
2.48 

3.90 
4.93 
3.46 

Average of 
all tests 
ton<lha 

3.80 
4.61 

2.04 
2.20 

3.85 
4.59 
3.75 

This is an increase block of Cinnamon, the most recently named strain of triticale. 



TABLE II-3. Summary of yield performance of check varieties and top triticalei- in yield tests at CIANO, Y71-72. 

Crop and check variety Expt Ex pt Expt Ex pt Ex pt Expt Expt Tot!U Aver11e;eof 
I II III IV v VI VII 7 tests 

kg/ha kg/ha kg/ha kg/ha kg/ha kg/ha kg/ha kg/ha kg/ha 

lnia 66 3370 4362 4116 4187 4675 4466 4133 29309 4187 

Siete Cerros 5 029 4875 5129 4779 4841 4812 5237 34702 4957 

Bread Wheat Average 4199 4 618 4622 4483 4958 4639 49M 32005 4572 
)-"' 
-.:) 

Jori 6Q 5466 5937 6404 5866 6604 6320 6300 42892 6128 

Cocorit 71 6395 6479 6458 5966 6687 6633 6583 45 201 6457 

Durum Wheat Average 5930 6208 6431 5 916 6645 6476 6441 44049 6292 

Arm "S" - 105 check 5 591 5 625 5779 4800 5 279 5083 5383 57540 5363 

Top triticale 5354 5466 5712 5154 5508 5237 5250 37 681 5388 

Average of 5 top triticales 
in each test 5451 5 314 5572 5050 5355 5144 4770 36656 5 237 



TABLE 11-4. Summary of yield data of oheck varieties and triticale strains in yidd tests at Navojoa, N71-72. 

-
Ex pt Ex pt Ex pot Ex pot Export Average of 

I II XI XII XIII all tests* 
Crop and check variety kg/ha kg/ha kg/ha kg/ha kg/ha kg/ha 

lnia 4166 4000 4 8:-12 4 058 3683 4103 

Siete Cerros 5463 5307 4 991 5145 4958 5 056 

Bread Wheat Average 4814 4653 4 9il 4 6q1 I 4310 4 579 

Jori 69 5510 5 479 5 175 5 7011 5366 5339 
...... 
co Cororit 5 43i 5906 5 442 5408 5112 5 337 

Durum Wheat Average 5 473 5692 53<Jll jj 558 5239 5 338 

All Wheah Average 5 144 5 li3 5110 5 :!30 4780 4958 

Armadilio testigo 5 522 41i02 4892 5033 4279 4947 

Top triticale 5 115 5 3i5 11933 5 379 49M 5443 

:\\'erage of 5 top trltirale~ 5120 H14 Hll7 5190 4454 5152 

• Includes yield .data from Expt IX with 4 nitrogen fertilization levels. 



TABLE 11-5. Summary of yield performance of check varieties and triticale strains at Toluca (MV-72) and at El Batan 
(BV-72). 

Expt I Expt II Expt III Expt IV Expt V ExptXX ExptXX Ave. ExptXX ExptXX Ave. 
MV-72 MV-72 MV-72 MV-72 MV-72 MV-72 MV-72 MV-72 BV-72 BV-72 BV-72 

N=IOO N=150 N=lOO N=150 
Variety kg/ha kg/ha kg/ha kg/ha kg/ha kg/ha kg/ha kg/ha kg/ha kg/ha kg/ha 

...... lnia 66 4479 4366 4820 4 729 4324 

"° 
4 757 5 212 4669 5 027 5 694 5360 

7 Cerros 991 741 687 737 l 108 941 1104 901 4506 4 756 4631 

Jori l 166 1 383 1 700 1 237 1 545 2 012 2116 1 594 1 236 2 041 1638 

Cocorit 2112 2 254 2550 2 608 2 754 3 000 2 625 2 557 4423 4430 4426 

Armadillo 407.'; 4SOO 4408 4 325 4570 4116 .~ 504 4 214 6076 7073 6574 

Average of top 5 triticale~ 4. 612 4450 4046 4008 5 009 4906 4842 4553 6332 7174 6 i53 



l·heck as well as dw hest wheat variety {<\able 11-4, Expt XX). Hopefully, soml' 
of the new stn;ns may approach the yield of the best wheat varieties in the 
Yaqui Valley. The decreas~~ yield of the five top triticales occurred with 
increased nitrogen fertilization at Toluca from 4,906 to 4,842 kg/ha (Table 11-4, 
Expt XX), whib the bread wheat variety, Inia, increased from 4,757 to 5,212 
kg/ha. This suggests that even the best of the new strains of triticales do not 
possess sufficient lodging resistance to compete with bread wheats in areas 
wherr high nitrogen fertilization is used. 

One of the most promising new strains (Cinnamon) was selected from a 
<Toss between '1 primary octaploid triticale ( Inia X Guarda rye) 2 and Arma
dillo. This strain is approximately equal to Armadillo 105 in fertility, has an 
additional factor for dwarfing and is more resistant to lodging. The proh•in 
content in this strain is rather low (13.20% N-71-72). This is probably due 
to the introduction of more bread wheat germ plasm from the progenitor Inia. 

Lodging 

One of the most important factors limiting yield in triticales is suscep
tibility to lodging. Top yields from the Armadillo strains are obtained at nitro
gen fertilizer applications of 60 to 100 kg/ha in the Yaqui Valley, dependin!!: 
upon the season and residual nitrogen in the soil. A breeding program to im
prove the resistance to lodging of Armadillo began in 1969. Two approachrs 
were used : ( 1) to increase straw thickness or straw stiffness by crossing to hrn 

hexaploid tritic:ile strains, UM 940 and Beaver, and (2) by incorporatinµ; 
dwarfing genes from dwarf bread and durum wheats and from dwarf ryes. 

Using the triticale strain UM 940 was unfortunate. It appears that th1· 
unusual straw characteristics of this strain are associated with cytologieal 
abnormalities causing a high degree of sterility. Selections with stiff, short 
straw were much morr sterile than the normal straw types. No fertile, stiff
strawed selections were obtained. This problem was not rncountered in crossrs 
between Beaver and Armadillo. However, the Beaver parent was taller and 
fater than -Oesired. Strains selected frnm this cross are now entering yit>ld 
tests. It appears that improvemt'nt in lodging rt>sistance will comr in smallt·r 
increments than by introducinJ! additional genes for dwarfing. 

Several. strains of dwarf wheats were used to transfer dwarfing to h1~xa

ploid triticales. lnia, Tobari, C..alidad and the Bluebird series werr among the 
most compatible of the wheat parent-;. Dwarfing in rye was obtained in a singlt· 
dwarf plant in an open-pollinated population of Gator rye obtained from Or. 
J)arrrll Morry at Tifton. Georgia. Dwarf progeny of this plant were referred 
lo as Snoopy. 

Crn~o;t"s ht>tWet'n dwarf wheals or dwarf ry<'s and Armadillo involve othn 
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These are tall primary triticales. Lodging is one of the most important factors tlimitin~ 
triticale yields under conditions of high fertillization and optimum soil moisture. 



}'. Zillinsky examines a dwarf triticale utilizing the N<>rin W gene from Mexican bread 
wheats. These dwarfs are the second step in reducing the height of tritir:ales. Three-gen~ 
dwarf triticales will be isolated during 1973. 



Top: These kernels represent triticales before the Armadillo strains were i~olated. Bottom : 
Se:lecting for fertility and improved seed type among Armadillo Mrains resulted in the.;e 
kernels. Further improvement in kernel type is expected. 

types of problems. The F1 plants are highly sterile. The male gametes are not 
functional, particularly in crosses between Armadillo and dwarf rye. The geno
me constitution of the F1 (ABRR) of triticale X rye provides no pairing for 
chromosomes in the A or B genomes. Occasional functional female gemetes are 
produced. Seed can be obtained only by fertilization with functional pollen. This 
is provided either by deliberate hand polinattion or by growing adjacent rows of 
fertile hexaploid triticale for outcrossing. It usually requires two cycles of oul· 
crossing to product> progeny which provide sufficit>nt functional pollt>n to repro· 
duce by self-pollination. The additional generations of backcrossing and oul
<'rossing increa;;e the difficulty in isolating the dwarfing gt>nt>s among tht> 
progenies. 

Additional problems were encountered in crosses bt>tWt>t>ll Armadillo and 
Snoopy rye. Dwarf plants in this population are very late maturing and vt>ry 
susceptible to bacterial stripe (Pseudomonas striifaoims), scab ( G. :1•ac) and 
leaf rust (P. recondit.a). Genes for susceptibility to these diseast>s wen· introduct>d 
with the dwarfing. It was necessary to start a rF breeding program to dt>vdop 
dwarf ryes with resistanct> o theSt" diseast>s. F" pr<'l.!c-niE>s with greadly improvt>d 
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F. Zillinsky and Tareke Berhe of Ethiopia select dwraf ryes from cros..<:ei> of Snoopy and 
tall ryes. Using dwarf ryes as parents can result in severa.1 problems such as sterility, 
later maturity and increased diseare susceptibility. 

disease resistance characteristics were isolated in 1972 and were used in crosses 
to wheat varieties to produce new primary triticales and to hexaploid triticales 
to introduce dwarfing in the rye genome. 

New strains selected from wheat and Armadillo crosses were subjected to 
applications of nitrogen fertilizer of 20 to 50 kg/ha above those optimum for 
the Armadillo strains. It was observed that although some of these were able 
to remain standing until ripe at these levels of fertilizer application, few of the 
dwarf strains were sufficiently fertile to maintain the yield of the Armadillo 
check. The taller selections were among the top-yielding entries (Table 11-4). A 
similar experience was encountered in the development of dwarf bread wheats 
using the Norin 10 source of dwarfing. It appears that certain undesirable 
characteristics causing sterility are linked . to the dwarfing genes in Norin 10. 

To determine if additional nitrogen application would compensate for the 
decreased fertility among the dwarf strains. selections from several crosses made 
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TABLE ll-6. Summary of yield data experiment XX triticales, summer 1972, involving 25 vari,eties, 3 replications, 2 
levels of nitrogen and 2 locations. 

Yield, kl!/ha 

Entrv Jdentitv EI Ratan To•hwa Ave. Ave. Overall 
Height 

Test 
weight 

:'llo. lOON lSON Ave lOON ISON AvP lOON ISON Average meter~ kg/hi. --
Camel 4590 4722 4656 3304 2 666 2 985 3 947 3 694 3 820 1.10 53.7 

2 Inia x Arm "S" F4 4347 5 2I5 4 78I 2 666 2 241 2453 3 506 .3 728 3 617 1.10 60.0 
3 Maya II x Arm "S'' 6159 6 658 6408 4 012 4 729 4 370 5 085 5 693 5 389 1.05 67.3 
4 ( Inia x Guarda I" x A rm "S" .i388 4 930 4 659 39I6 2 875 3 395 4 152 3 902 4 026 l.00 61.8 
5 Annadillo te>'tigo 6 076 7 073 6 574 4 116 ;3 504 .3 810 5096 5 289 5 192 1.15 61.7 
6 '.\1aya x Arm ··s" 3 645 3 36I 3 503 2504 I 220 I 862 3 074 2 290 2 692 1.05 59.9 
7 Cinnamon 5 993 6645 6 319 5 450 5 520 5 485 5 721 6082 5 901 1.05 65.4 
8 l\Iaya II x Arm "S" 5 4I6 5 833 5 624 4 395 4 262 4328 4 905 5 047 4 976 1.05 62.7 

!...:. 9 '.\fa)·a II x Arm ·s· 6 OI3 5 9I6 5 964 4 858 4 55,4 4 706 5 435 5 235 5 335 1.00 62.2 
:.11 IO lnia 5 027 5 694 5360 4, 754 5 212 4 98.3 4 890 5 453 5 171 .85 80.0 

11 ( lnia x Rve I" x Arm "S" 4 256 3 930 4099 :3400 2 958 3 179 3 828 3 444 3 636 .93 61.6 
I2 '.\la ya II i Ann '"S" 6 92.3 7 638 7 280 4 750 5 I45 4 947 5 836 6 .39I 6113 1.05 62.2 
I3 '.\laya II x Arm "S" 6 I59 6 I04 6 131 5 025 3 920 4 472 5 592 5 030 5 311 1.05 65.3 
14 tinia x Ryel " x Arm "S" Hl6 5 .368 4 892 .3 791 2 825 3 308 4103 4096 4100 .95 57.7 
15 Jori I 2:36 2 041 I 6.'38 2 OI2 2116 2064 I 624 2 078 I 85I ,80 
16 Octaploid Tel 2158 l 804 1 98I .85 51.8 
I7 lnia x Rye x Arm ··s" 5 9.30 5 554 5 i42 4450 3 712 4 08I 5 I90 4 633 4 911 1.00 62.l 
18 Arm "S" 6 34i 7 859 i 103 4 270 .3 325 3 797 5 308 5 592 5 450 1.15 66.6 
19 Arm '"S" 4 95I 4645 4 798 2 9I6 2 291 2 603 :3 933 3 468 3 700 1.20 66.1 
20 Siete Cerros 4 506 .J. 756 4 63I 941 l 104 I 022 2 723 2 930 2 826 .85 70.5 
2I Maya II x Arm "S" 5 458 52.% 5 .347 Hl2 2 3I2 :l 162 4 735 4 774 4 554 .95 61.l 
22 Arm ·'S" 5 8I2 6 222 6 01 i ;3 08.1 3 545 .1314 4 447 4883 4 665 1.20 64.3 
23 l\laya II x A rm "S" 4 243 4i70 4 506 3 066 2 262 2 664 3 654 3 5I6 3 585 1.00 60.5 
24 Inia x Arm "S" 4 604 5 402 s oo:i :3 150 :3 075 :i 112 :l 877 4 238 4 057 1.25 64.l 
25 Cocorit 4 42;3 4 4:3() 4 426 :i 000 2 625 2Hl2 :l 711 .3 527 3 619 .90 72.0 

A\·eragt> 5 038 5 416 5 227 ,1660 .3 249 .3 -l54 4 .348 1:H.3 4 340 



for improving lodging resistance were included in a test with Armadillo and 
Beaver lines at two levels of nitrogen (100 and 150 kg/ha) at two locations 
(El Batan and Toluca) (Table 11-6). Although St"Vert" lodging occurred at both 
locations, particularly among replicates receiving 150 kg N per hPciare, the 
plots at El Batan had advanced in maturity by about three weeks over thoSt" al 
Toluca when severe lodging occurred. The strains grown at El Batan had a bet
ter opportunity to take advantage of increased N application before lodging 
occurred. Consequently, 17 of 24 strains yielded more at the higher level of 
nitrogen application at El Batan compared to only 8 of 25 at Toluca. A severe 
infestation of scab in the Toluca nursery reduced the yields of several strain!', 
particularly entries 18, 12 and the durum check variety #25 (Cocorit). 

More new dwarf selections from wheat and Armadillo crosse8 were entered 
in yield tests for the first time during the 1972-73 cycle. It is expected that as 
fertility and disease resistance improve, a second major boost in yielding capa
city will result from the increased lodging resistance of the dwarf strains. 

Grain Quality 

A major unsolved problem in triticales is the abnormal development of 
the endosperm, creating a shrivelled seed coat, deep centre crease and low tei-t 
weight. Progress in improving grain quality by visual selection has not bet"n 
encouraging. Under favorable conditions such as occur in Sonora, many of the 
more fertile strains produce relatively plump seed. Under less favorable condi
tions at the Toluca and El Batan nurseries, very poor quality St"ed is produrt>cL 
Wheats, however, produce suitable grain at both locations. 

Dr. A. Gustafsson at the University of Lund, Sweden, voluntened to un
dertake a mutation-inducing program in an attempt to improvt> seed type. Dur
ing 1970, Dr. Gustafsson treated seed of two Armadillo strains selected for good 
seed quality with X rays and mutagenic chemicals. The treated seed was grown 
in Sweden and the second and third generations were grown in Sonora (1971-
72) and at Toluca in 1972. The short time between harvesting in Sonora and 
sowing in Toluca made it impossible to harvest, thresh and visually examine 
each plant of the second generation material. An attempt was made to separafl': 
the better seed types mechanically. Observation of seed produced hy the third 
gt"nnation at Toluca suggests that our efforts wne ineffective. 

A gravity table seed grader was obtained after the Toluca nursery was har
vested in 1972. This machine may provide a more positive selection pressure 
for larger, denser seeds. Screening for better seed type will be done on hulk 
populations of early gennation material and advanced-generation seed prepared 
for incrt>ase plots. 
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Robert Metzer (left I, USDA plant breeder located at Oregon State Unin•rfity. and F . 
.I. Zillinsky select dwarf plants in an early segregatinl! j!t'neration of tritirales. 

Widening the Genetic Base 

The CIMMIT triticale program started as a cooperative arrangement with 
the University of Manitoba, whose program had been in progres.." for about 10 
years. The University of Manitoba material consisted of collections of triticales 
from several sources which were intercrossed and also crossed to various specit>!I 
of tetraploid wheats. 

To develop triticale strains which would reproduce under the short day 
lt>ngth in Mexico, ht>avy selection pressure was placed on this population. A 
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.M. M. Kohli (left) and A. Lopez of the CIMMYT triticale staff examine backcrOSl'es 
made on a new interspecific hybrid. 



very few selected plants eventually formed the basic germ plasm from which 
the CIMMYT triticale program has developed since 1968. Armadillo, from 
which about 12 sister selections were obtained, was the most fertile and most 
widely used parent in crosses. Beaver and Badger were two other strains used. 
frequently in the crossing program. 

As a result of using few parental types in the crossing program and se· 
lection pressure to develop early maturing strains resistant to stem and stripe 
rust, there was a strong tendency to narrow the genetic base of the tr.Licale 
program. To overcome this tendency, genetic diversity was introduced: (a) by 
crossing the triticales to the progenitor species, such as durum wheats, bread 
wheats, and ryes; and (b) by creating new primary triticales of both hexaploid 
types. 

Although crosses between triticales and its parental species can he made, 
there are some difficulties in using this approach to introduce genetic diversity 
into triticales. (1) The percentage of viable seeds produced from the crosses is 
low. This is particularly so in crosses between triticales and durum wheats. (2) 
The F1 hybrid plants are highly sterile. The pollen is almost completely non· 
functional, and only a small proportion of the female gametes can he made to 
pr.oduce seed by hackcrossing or outcrossing to hexaploid triticales. (3) Seed 
set on the progeny of hybrids continues to he poor until a more compatible 
chromosome balance is obtained. At this time the net gain in new germ plasm 
is likely to he quite low. It is necessary to make many such crosses each gener· 
ation in order to introduce a significant amount of genetic diversity into the 
hexaploid triticales by this method. 

New octaploid triticales have been produced regularly during the past five 
years. Hybrid seeds can he obtained from numerous combinations of hexaploid 
wheats and diploid ryes without embryo culture. Doubling of the chromosome 
number of the hybrids is achieved by immersing the emerging coleoptile in .05% 
acqueous colchicine solution for three hours. Since the productivity of the 
octaploid triticales is quite low, the new octaploids have been used primarily in 
crosses to hexaploid triticales. 

Several problems have been encountered in the production of new primary 
hexaploid triticales. Embryo culture must he used to obtain a haploid plant. 
Only certain varietal combinations of tetraploid wheats and diploid ryes will 
start developing an embryo after pollination. Colchicine treatment techniques 
developed for treating germinating seeds cannot be used successfully on plants 
cultured on nutrient media. 

To overcome the problems experienced in the production of new amphi
ploids and wide crosses, Dr. M. Kohli and Dr. A. Campos were assigned to 
the triticale staff in 1972. Dr. Campos is spending part of his time developing 
techniques to facilitate the production of new primary triticales. Dr. Kohli, a 
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breeder and plant geneticist, will devote part of his time to developing methods 
of introducing diversity through wide crosses :m•l introducing new genes from 
winter triticales. 

PRIMARY HEXAPLOID TRITICALES 

A rmwufo Campos * 

The low rate of recovery of haploid plants from embryo-cultured primary 
hexapliod triticale crosses, coupled with the high mortality resulting from col
chicine treatment has been a continuing handicap to broadening the genetic base 
of the triticales. Up to 1971, a relatively few primary hexaploids which repre· 
sented only a few crosses were available to the program. A few additional types 
introduced later from the University of Manitoba augmented these. Thus, much 
of the introduced variation has resulted from crosses of triticale x wheat and 
triticale x rye as well as from octoploid sources. 

During 1969-70 and 1970-71 the triticales under yield test at Navojoa, 
Sonora, showed a narrow range of yields. This was true even though some 15 
strains wiere entered in each test. Such results give a strong indication of the 
lack of genetic variability among the genotypes. During this period a concen
trated effort was made to introduce lodging resistance and to some degree this 
contributed to narrowing the gene pool. 

All of these observations made it mandatory that a concentrated effort he 
applied to producing new primary triticales. 

The techniques used, combined with new methods of handling transplanted 
plants and methods of colchicine treatment, has resulted in a 500% increase 
in the number of primary hexaploid triticales produced in the past year. The 
following list shows the success achieved. 

Number of crosses attempted 191 
Number of crosses from which embroyos developed 150 
Number of embryos excised on nutrient media 1994 
Number of haploid plants grown 193 
Number of crosses represented with haploids 72 

This relatively high production of new hexaploids will undoubtedly in-
crease the adaptability ·and the potential for higher grain yields, and will give 
a greater opportunity for sorting out better seed development and yield sta

bility. 

* Plant pathologist, CIMMYT. 
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Treating F, (durum x rye) seedlings after embryo culture with colchicine to double the 
' 'hromosomt> number. 

One of the problems faced in embryo work at CIMMYT involves the trans
for of hybrids from one location to another in Mexico. 

Crosses an: made at CfANO in late March and early April. Thus, embryo 
transfers coincide with the beginning of the hot months and seedlings barely 
survive under the increasing heat until chromosomes are doubled. In addition, 
because many crosses are made at the same time, facilities are overextended. 
To overcome this problem. a procedure has been adopted in which the excised 
C'mbryos are transplanted into nutrient agar and held at 2°C for up to 15 days. 
There appears to be no detrimental effect and the cold shock may help break 
the dormancy of certain crosses. This method allows for an orderly processing 
of embryos and their transfer to Mexico. 

31 



We have also used another modification~ Cultured embryos are dipped in 
a solution of 10 ppm indole acetic acid for Qne minute before transplant to 
peat pots. This has resulted in better root development and less damage to the 
root apices. 

The previous method of doubling chromosomes was cumbersome, consisting 
of cutting the tillers, fitting a wax paper around the tiller and filling around 
the base with petroleum jelly. The colchicine often leaked down to the root 
and killed the plant. 

A new method is now implemented using capillary tubes narrowed to a 
fine tip. The tip is inserted in the hollow of the stem and held in place with 
a wire loop. This system works wdl and the dangers 0£ colchicine entering the 
soil is much reduced. Three or more tillers may be treated simultan~usly, if 
desired. 

Developing Winter Triticales 

Winter triticales are needed where there is a danger of frost damage during 
the early growing season. They can also be used to introduce new sources of 
genetic diversity from winter ryes and from winter wheats. Although winter 
ryes have been used occasionally in producing new primary amphiploids, until 
recently few programs have devoted sufficient effort to develop winter-type 
hexaploid triticales. as a cultivated crop. 

During the past few years considerable interest in winter triticales is being 
shown in Europe and North America. Dr. A. Kiss* 0£ Hungary produced several 
strains of winter-type hexaploids which are sufficiently winter hardy to produce 
grain in the southern United States and in the coastal states during winter. 
They also show promise for forage production and grazing during winter where 
growth is not severely restricted by low temperatures. 

Research .on winter-type triticales is now carried on at several locations 
in the United States, England, and in Continental Europe. Although genes for 
winter hardiness are found in both hexaploid and tetraploid wheat species, the 
ryes provide the best sources 0£ winter hardiness. Collections of ryes from many 
areas 0£ the world are being assembled and grown in the Toluca nursery for 
the development of winter triticales. 

pne of the main drawbacks to developing this program earlier resulted 
from an inability to force the winter-type strains to flower in the nurseries in 
Sonora during winter or in the Toluca nursery during summer. During winter, 
night temperatures at Toluca are sufficiently cool to induce vernalization and 
normal flower development. Winter-spring crosses can he made by sowing the 
spring-type strains one to two months after the winter nursery has germinated. 

* Dr. A. Kiss, Vegetable Crops Research Institute, Kecskemet. P.O.B. 116, HungarJ. 
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III. DISEASES OF TRITICALE 

Triticale is a new crop to Mexico, yet, wherever the crop is grown, disease 
symptoms can Le observed. Apparently, the disease organisms have developed 
and continue to survive on other cereals and grass hosts. In Mexico some dis
eases apparently find triticale a more suitable host than the crop species on 
which they normally reproduce. Infection by disease organisms which cause 
yellow dwarf (BYD virus}, bacterial stripe (Pseudomonas striifaciens}, leaf 
blight (Fusarium nivale} and leaf rust (Puccinia recondita} is more severe on 
triticales than on either wheat or rye. Other disease-producing organisms gen
erally find triticale a less suitable host. Among these are stem rust (Puccinia 
graminis}, stripe rust (P. glumarum}, leaf blotch (Septoria tn'.tici}, scab (Gi
berella zeae), bunt ( Tuleti.a foeeida} and loose smut ( U stilago tritici} . This 
situation may change rapidly as the crop comes into commercial production. 
In anticipation of its release to farmers, breeders must be alert to disease de
velopments b this crop. 

During the past two or three years disease research on triticales at CIM
MYT has increased. Alfonso Lopez studied the relationships of races of stem 
rust which infect triticales, wheat and rye as a thesis project. Or. Rajaram 
supervised this research. 

Dr. Marco Quinones, presently in charge of CIMMYT's durum wheat 
research, studied the inheritance of resistance to leaf rust on triticales as a 
Ph.D. thesis. His research at the University of Manitoba wa~ completed in 
1971. 

In 1972 Dr. M. J. Richardson of the Department of Agriculture arul 
Fisheries for Scotland, East Craigs, Edinburgh, investigated diseased triticalt
leaves collected from the Toluca nursery. He isolated and identified Fusarium 
nivak as the causal agent of the leaf blight disease. A report on the observa
tions made on this disease in Mexico is included. 
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Dr. Santiago Fuentes has provided a report mi his ooservations of Sepwria 
tritici in Mexico. Dr. Fuentes .started research on Seproria disease thr-ee years 
ago and has developed screening techniques tu improve resistance to this 
disease. 

TRITICALE DISEASES 

Santiago Fuentes Fuentes * 
Triti,cale is a man-made crop that has received increasing attention in the 

last decade. Our kno;wledge of diseases of tritfoale is rather limited; it is still 
in the phase of iilentifying the causal agents for disease and in a few cases 
there is a search fur sources of resistance as TH:pidly 11s possible. 

Diseases reported in the literatnTe appear in Table IIJ-1. 

TABLE IU-1. Diseases of triticale reported in the literature. 

Common name 

Downy mildew 
Ergot 

Leaf blotch 
Leaf rust 

Stem rust 
Bacterial blight 

Head blight 
Septoria blotch 

Cirusal agent 

Sclerophthora macrospora 
Claviceps purpurea 

Fusarium nivale 
Puccinia recondita 

Puccinia graminis tritici 
Xan'thomonas translucens 

Fusarium spp. 
Septoria tritici 

Reference 

'TrouUnan and Matejka 1972. 
Larter et al 1968. 
Platford and Bernier 1970. 
Richardson and Zillinsky 1972. 
Chester 1946; Larter et al 1968; 
Quinones 1971; Rajaram, 1971. 
Lopez 1971. 
CIMMYT Annual Report, 
1969:1970. 
CIMMYT Annual Report, 1972 
·CIMMYT Annual Reirort, 19'72 

Ergot, the rusts and Fusarium blight were rec~griized early in fhe develop
ment of triticale. In the past two years the new additions to the list of diseases 

are: 
1. Downy mildew recorded in commercial triticale crops of southwestern 

Arizona in the United States (8). Although rather widespread in the field, it 
caused minor damage to the crop. Symptoms were typical of the disease
enlarged heads and ·excessive proliferation of floral bracts. No grain was pro
duced. 

2. Fusarium nival,e from the triticale nurseries of CIMMYT at Toluca 
( 7). This was the fir.st record of F. nival,e .in southern latitudes; symptoms 
consisted of water·soaked, greenish to grayish spots enlarging and covering 
most of the leaves. 

* Plant Pathologist, 'CIMMYT. This article was presentend at the Wheat and Triticalf' 
Symposium, El Rauin, Mexico, January 1972. 
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3. Septoria trilici in CIMMYT's summer nurseries at Patzcuaro, StatP 
of Michoacan, Mexico (1). Lesions resembled those of Septoria in bread 
wheats; neverthelt>,,ss, the amount of apparent pycnidia in triticale was qui!P 
small. 

Bacterial stripe due to Xanthomonas translucens has had a peculiar history 
in Mexico. It was observed since 1968 in triticale, durum wheat and ryt>, 
causing striping of the leaves with abundant exudate under humid conditions. 
In successive crop seasons the disease severely damaged the summer and winter 
triticale nurseries at Navojoa, Sonora, and El Batan. Estimated losses (9) are 
reported in Table III -2. 

TABLE III-2. Effect of bacterial stripe on triticale (Navojoa, Sonora, Mexico, 
1969-70). 

Yield, g/plot Test weight, kg/hl 

Test Mid variety Infected tri- Mid variety Infected tri · 
number in test ticale strains in test ticale strains 

I 1153 860 71.9 69.7 
III 913 801 71.5 65.9 
v 940 533 70.5 61.2 

VII 1005 643 69.0 67.6 

Some Armadillo "s" lines and early sown materials were most affected 
in regard to test weight and yield. At this point, a screening of genotypes was 
made in order to incorporate resistance genes into the triticale materials. Tht>: 
disease, however, dissappeared gradually after 1970, and in the 1972 summer 
season only traces were found in the nurseries. 

A. Lopez-Benitez of the triticale group at CIMMYT studied the natun· 
of stem rust observed in triticales (2). Stem rust collections from wheat, ryt>: 
and triticale were inoculated on the same hosts. The results are in Table 111-3. 

TABLE 111-3. Stem rust reactions on tritical,e, rve ann wheat. 

Reaction on 

Rust .,O:IJections Triticale Rye Wheat 

3 from wheat Res-suscept Res-suscept Res-suscept 
9 from rye Resistant Suscept Resistant 
1 from rye (#39) Suscept Suscept Suscept 
8 from triticale Res-mod. rel' Res-mod. res Res-susce1 

11 from triticale Suscept Suscept Suscept 

Source: LOpez-Benitez 1971. 
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The three rust isolates from wheat and right from triticale giving resistant
to-susceptible rractions on the thrre hosts wrre assigned to Puccini.a graminis 
tritici; those from rye attacking ryr exclusively were Puccinia graminis secalis. 

lsolatt> #39 from rye and 11 rust collt>ctions from triticale produced 
susceptible reactions in all three hosts. Since the behavior of these isolates do 
not conform to any known rust, the a~thor proposed a new forma specialis 
combination to name them: Pucoinia graminis triticalis. 

As mentioned before, Septoria tritici affected triticales in CIMMYT's sum
mer nursery at Patzcuaro. The reactions of some triticale lines shown in Table 
i I l-4 are fairly similar to the genotypes included in the I 'llcrnational Triticale 
Yield Nursery and the International Triticale Screening Nursery (I). 

TABLE ]JI. J. Reaction of triticale lines to Septoria tritici as compared to 
durum and bread wheats, (Patzcuaro, Michoacan, Mexicc>, summer 1972). 

Cenotypes 

\faya II Armadillo "s" 
lnia 66 Guarda x Armadillo "s" 
Armadillo 
lnia 66 Armadillo 
Radger Calidad 
Armadillo "s" y Rye T33 
lnia 66 (bread wheat) 
Siete Cerros (bread wheat) 
Cocorit 71 (durum) 
.Jori 69 

Septoria rating 
scale 0-9 

lR 
2R 
2R 
2R 
4R 
2R 
7S 
65 

4MR-MS 
4MR-MS 

Even though triticales may be resistant under Mexican conditions, it is 
unknown whether this resistance will be maintained in other areas of the world 
such as North Africa and the Middle East. In these areas durums as wdl a~ 
bread wheats (both in the background of triticales) are heavily attacked by 
strains of Septoria, assumedly different in virulence to those present in Mexico. 

Some resistance against ergot and leaf rust has been found in triticales. 

Ergot, caused by Claviceps purpurea, remains the most important disease 
of triticale because of the toxic substance produced by its sclerotia. Platford 
and Bernier (3) from the University of Manitoba, Canada, tested the resistance 
of bread and durum wheats to ergot (Table IIJ-5). 

Kenya Farmer was clearly more resistant to the fungus than Manitou, 
as indicated by fewer sclerotia, by smaller sclerotia and by a decreased quantity 
of honey dew exuded from the florets. In addition, Kenya Farmer offered simi.' 
lar results under field conditions. Hence, both varieties have been recommend
t'd as parents to induce resistance to ergot in triticales. 
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TABLE 111-5. Reaction of wheat genotypes inoculated with one isolate of 
Clavioeps purpurea from wheat. 

F1orets 
with sclerotia Size of Relative amount 

Genotype % sclerotia honey dew produced 

Manitou (bread wheat) 70 2 3 
Kenya Fanner (bread wheat) 26 l l 
Stewart 63 ( cluruin wheat) 78 3 4 
< :arleton (durum wheat) 42 l 2 

For his doctoral dissertation, Quinones ( 5), at the University of Manitoba, 
studied the inheritance of resistance to Puccinia recondita in hexaploid tri
ticales. Four isolates of leaf rust from wheat and one from rye were inoculated 
into the following hexaploids: 6A-190, Rosner, Armadillo, Bronco and Toluca 
160. The results indicated that resistance in segregating populations was in
herited by a single dominant gene carried by each one of the triticales used, 
and that "genes governing resistance to leaf rust were derived from the wheat 
parental species, and resistance carried by the rye parent was not expressed 
in the amphiploid triticale". Quinones assigned the leaf rust symptoms observed 
in triticales to Puccinia recondita tritici. 

Such a conclusion was supported also by evidence obtained by Rajaram 
(1) at CIMMYT in the last two years (Table IIl-6). 

TABLE 111-6. Pathogenicity of Puccinia recondita on triticales, wheat and rye. 

Rust isolates 

Colections from rye Puccinia recondita f.sp. 
secalis. 

Collections from wheat Puccinia recundita 
f.sp. tritici. 

Source: S. Rafaram 1972. 

Rye 

Suscept. 

Mostly suscept. 

Reaction on 

Wheat Triticale 

Immune Immune 

Suscept. Suscept. 

Furthermore, Rajaram (4) inoculated 125 hexaploid and octoploid tri· 
ticales with isolates of Puccinia necondita. Thirty-three triticales were resistant 
at all stages of plant growth; 56 were susceptible at all stages also, and 19 lines 
gave susceptible reactions in the seedling stage in the greenhouse and resistant. 
reactions in the adult plant stage both in greenhouse and under field conditions. 

The response of some of these 19 lines against cultures #310 and #321 
of leaf rust in the grenhouse iir detailed in Table III-7. 
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TABLE III-7. Reaction of triticale lines to two insolates of Puccinia recondita. 

Genotypes 

Armadillo "s'' 
Bronco "s" 
Grillo "s" 

UM940S 
Td.My64 Ul\1940-S 
UM940-S Tcl.My64 

lnia 66 - Guarc!a 
Penjamo 62 . Polko Rye 

Source: Rajaram et al. 1971. 

Seedling reaction 

Cult. 310 Cult. 321 

HEXAPLOID TRITICALES 

4 
4 
4 
3 
3 
3+ 

3+ 
4 
4 
4 
3 
4 

OCTOPLOID TRITICALES 

3+ 
3+ 

4 
3+ 

Adult-plant reaction 

Cult. 310 

5MR 
SMR 

lOMR 
SMR 

20MR 
20MR 

IOMR 
SMR 

Cult. 321 

lOMR 
20MR 
lOMR 
5MR 

20MR 
20MR 

20MR 
5MR 

The susceptibility in the seedling stage and resistance in the adult-plant 
,;!age indicate generalized resistance. This evidencr> offers new possibilities for 

a more stable type of resistance against leaf rust in hexaploid and octoploid 
triticales. 
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CHARACTERIZATION OF TRITICALE STEM RUST 

A. Lopez, A. Rajaram aru1 L. I. de Bauer* 

ABSTRACT 

The characterization of the stem rust occurring on triticale was attempted 
by collecting spores of stem rust from triticale, wheat and rye and inoculating 
them separately on seedlings of these hosts. Eleven of 19 isolates from triticale 
produced a susceptible reaction on .some lines· of triticale and certain varieties 
of wheat and rye. The other eight isolates produced a resistant reaction on 
both rye and triticale, whereas on wheat the varietal reactions recorded involved 
resistance as well as susceptibility. Behavior of three races of Puccinia gra
mini.s tritici on the lines of triticale, and varieties of wheat and rye was similar 
to that encountered with the isolates coming from triticale. On the contrary, 
the isolates from rye differed in virulence pattern from the races of P. graminis 
tritici and P. graminis isolates from triticale on all three hosts. Nine of 10 
isolates from rye did not produce a susceptible reaction on any of the varieties 
of wheat and triticale but did produce differential reaction on rye. Only one 
isolate from rye behaved as P. graminis secali.s when inoculated to the varieties 
of rye but as P. graminis tritici when inoculated to the varieties of wheat, and 
was capable of producing susceptible reaction on the varieties of triticale. Ac
cording to these results it seems feasible that the pathogen iesponsibie for the 
stem rust of triticale belongs to the form P. graminis tritici rather than P. gra
minis seca/i;s. However, the possible existence of genetic recombinants derived 
from the forms P. graminis tritici and P. graminis secalis with capacity to 
attack triticale, wheat and rye can also be considered. 

* * * 
The infraspecific unit called special form in 1894 by Eriksson is charac· 

terized by having a determined host (I). Some special forms present a high 
specialization, while in others this property is less effective (3). For Puccinia 
graminis tritici, the early studies of Stakman ( 4) and Stakman et al. ( 5, 6. 
7) showed that this form attacks wheat, barley, several grasses and, to a 
certain extent, rye. P. graminis secalis can attack rye, barley and several grasses 
hut it infects wheat only under extremely special conditions (2). 

This investigation was undertaken to determine which form of P. graminis 
attacks triticale. 

* CIMMYT agronomist, CIMMYT pathologist, and professor at the Postgraduate 
College of the National School of Agriculture, Ch_aping~, Mexico, resp~tively. 

This article is an abstract of the M.S. thesis pro1ect of the semor author .and was 
submitted for publication in Phytopathology, ~ecember 1~72.. . . 

The authors sincerely thank Dr. J. Galindo for his mspmng en~ourag~ment and 
<Jritical evalluation of the manuscript, and also Dr. E. C. Stakman for his advice. 
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MATERIALS AND METHODS 

Thirty-one lines of hexaploid and six lines of octaploid triticales, 23 varie
ties of wheat and 31 varieties of rye were included. 

Nineteen stem rust single-pustule isolates from triticale, three from wheat 
(subsequently identified as Pucdnia gramini,s tritici races 12-1, 2, 3, 6; 15-2, 
4, 7 and 151-1, 2, 3, 6) and 10 isolates from rye were used. Each isolate was 
inoculated, following the usual techniques, on all three hosts at the first-leaf 
stage. The readings of the infection types were taken 12 to 14 days after in
oculation accoding to the method poposed by Stakman and Levine in 1922 ( 6). 

RESULTS 
Eleven isolates of the 19 from triticale were able to attack triticale, wheat 

and rye, causing moderately susceptible to very susceptible reaction on all 
three types of hosts (Table IU-8). The data indicate the virulence of Puccini.a 
graminis isolates collected from tritieale on the three hosts under greenhouse 
conditions. Eight isolates of the 19 from triticale were virulent only on triticale 
and wheat. All three races of Puccinia graminis tritioi, collected from wheat 
included in this study were able to attack all three hosts, whereas only 1 
isolate of 10 from rye had combined virulence genes to attack the varieties 
of rye, wheat and triticale (Table 111-9). Other P. graminis isolates from rye were 
only virulent on rye. 

TABLE 111-8. Infection types produced by 11 Puccinia graminis isolates from 
triticale on triticale, wheat and rye. 

Isolate Triticale Wheat Rye 

I "3" "3" and "4" "3" and ''4" 
2 "3" ~3" and "3+" "3--" and "3" 
3 "3--'' and ''4'' "3","4" and "4" "3" and "4" 
4 "3--" "4" "3'' 

5 "3" "4" ''3" 
6 "3--" and "3" ''4" "3" and "4" 
7 "3--" and "3" "3", "3+" and "4" ''4" 

8 "3--" and "3" "3--","3+" and ''4" "3--" and "4" 
9 "3-" "3--" and "4" ''4" 

10 "3-" and ''3" ''3-","3" and "4" "4" 

11 "3-" and "3" ''4" "4'' 

DISCUSSION 

The isolates of Puccinia graminis collected from triticale used in this 
study showed a pathogenic ability typical of the special form P. grawnis tritici 
since they were able to attack rye besides triticale and wheat. In other instances 
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TABLE 111-9. Infection types produced by three races of Puccinia gramin1.~ 
tritici and one isolate of P. graminis from rye on triticale, wheat and rye. 

Race or 
isolate Triticale Wheat Rye 

12-1,3,4,6 "3" "3" anti "4" "4" 

15-2,4,7 "3--" and "3" "3",''3+"and"4" ~'3" 

151-1,2,3,5 "3"- and "3" "3-","3","3+" •'3" 
Rye isolate "3" and "4" "3" and "4" ''3" and "4" 

they were only virulent on triticale and wheat. These results are in agreement 
with the pathogenic ability established for P. graminis triticii by early inves
tigators (5) and also demostrate the susceptibility of triticale to P. graminis 
tritici probably derived from both Triticum and Secale. This fact is also sup
ported by the virulence of the three races of P. graminis tritici on triticalt>, 
wheat and rye. One of the isolates of P. graminis from rye attacked varietie~ 
of rye and also produced moderately susceptible to susceptible reaction on the 
varieties of wheat and triticale comparable to the 11 isolates of triticale (Tah!t~ 
111-8) and three isolates of wheat (Table 111-9). This suggests that a genetic rt'· 
combination could have taken place. This behavior could he explained on tlw 
basis of genetic recombination between the forms P. graminis tritici and P. 
graminis secalis, as it has been found by Watson and Luig ( 3) . On the contrary, 
all other isolates of P. graminis collected from rye were only virulent on rye, 
confirming their identity as individuals belonging to P. graminis secalis. 
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LEAF BLIGHT ON TRITICALE CAUSED BY FUSARIUM NIVALE 

M. /. Richardson * arul, F. /. Zillinsky * 

Fusarium niva/,e (Fr.) Ces. (Michone.ctriella nivalis (Schaffn.) Booth), 
the causal agent of snow mold on cereals and grasses, was found to parasitize 
triticales in the Toluca Valley of Mexico. The fungus was isolated and identified 
from infected leaves collected in the Toluca nursery in October 1971 (Richardson 
and Zillinsky 1972). Following the identification of the fungus, observations 
were made to detect the presence of the fungus in the 1971-1972 winter nursery 
at CIANO and in the 1972 summer nursery at Toluca. 

Symptoms of the disease were not observed on triticales in the winter 
nursery at Sonora. Fruiting bodies and conidia of F. nivale began to appear in 
the Toluca nursery on diseased lesions of triticale leaves about mid-August 1972. 
It was found on occasional strains o~ triticales at several locations in the nursery. 
By early September a fairly uniform distribution of infected plants had devel
oped throughout the nursery. 

The early lesions occur as irregular bleached-green areas. Th~ diseased 
area becomes lighter green, increases in size in a more or less circulat fashion, 
spreading across the leaf and finally elongating along the leaf blade. The area 
darkens to brownish or slightly greyish color interspersed with various shades 
of green. Under low magnification (lOx), the fruiting bodies (sporodochia) 
appear as rows of tiny stitches parallel to the veins of the leaf because of their 
production through stomata. They are white to yellowish or pinkish in color 
and produce small, colorless, sickle-shaped, 2- to 4-celled conidia. As tlie ne
crotic area expands other fungi readily invade the dying tissue, obscurring the 
normal symptoms produced by this fungus. 

This is the first record of this fungus in Mexico and it is not known how 
extensively it occurs in Mexico or what other species of plants are parasitized. 
Triticales were grown at this nursery for the first time in 1970 and were in
troduced to the Toluca Valley only a few years earlier. The seed for the nursery 
is produced in the Yaqui Valley, Sonora, free oi disease. Thus, it is unlikely 
that the disease is seed borne. It appears that F. nivaJ,e is indigenous to this 
valley and probably other parts of Mexico having a similar climate. It is assumt>d 
to infect local grasses and probably other cereal grains in the Toluca Vallt>y 
and has found triticales to he a new and suitable host. 

REFERENCE 

Richardson, M. J. and F. J. Zillinsky. 1972. A leaf blight caused by Fusarium nivale .. 
Plant. Dis. Reporter 56: 803-805. 

* Plant pathologist, Department of Agriculture and Fisheries, East Craigs, Edinburgh, 
Scotland. 
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Top left: Sporodochia produced at the stomata on leaf surface. Top right : A sporodium with 
sickle-shaped conidia. Bottom : Conidial forms and approximate sixes produced by Fusarium nirnfr. 
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PATTERNS OF LEAF RUST DEVELOPMENT ON TRITICALE 

F. J. Zillinsky 

Considerable discussion and some controversy has emerged in recent years 
on the kinds of resistance used in breeding programs to solve plant disease 
problems. Criticism has been directed against using the major-gene approach, 
particularly in breeding for resistance to cereal rusts. Having observed failures 
to solve the problem, it is usually easier to criticize the method than to propost~ 
a practical solution. 

In breeding against the rusts, the breeders are advised to develop strains 
with "general or horizontal-type" resistance or to select "slow rusters". Most 
plant breeders are still uncertain how to effectively screen for slow rusters or 
horizontal resistance in segregating populations. Among the questions faced are: 
Are the characters for slow rusting specific to certain races? Can slow rusting 
or horizontal resistance he detected in the presence of the major genes now 
distributed in many populations. How much rust development can bt" tolerated 
and still provide an acceptable production level? Can we develop a better 
system of rating varieties to determine their capacity to produce adequate yields 
and delay the df velopment of rust epiphytotics? 

The present system of recording rust reactions at a single reading prior 
to maturity is rapid and effective in assessing varieties, particularly in infer.
tions of a single race. The system is less effective when several races infec:t 
a nursery, especially if they occur at different stages during the growth cycle. 
It also fails to provide the answers to most of the questions on horizontal resist
ance. Even in simple situations such as the influence of rust infection oc
curring at different stages in plant development from year to year is not reflecte{i 
in the data recorded. Seasonal conditions and diseases were vny similar at 
CIANO during 1970-71 and 1971-72. Yields of the wheat variety Inia 66 were 
more severely reduced by leaf rust in the 1971-72 season because the infec
tion of leaf rust occurred several weeks earlier. However, the ratings in both 
years were identical, having reached 100% infection prior to maturity in both 
years. A better appreciation of the nature of resistance possessed by different 
strains can he obtained by studying disease development patterns throughout 
the season and from season to season. 

Mackenzie, ::.tudying rust development on wheat at CIMMYT during 1970 
and 1971, propo~ed that rust development_ patterns could he accurately deter
mined by sowing large plots (15 x 15 meters) in a checkerboard fashion ancf 
alternating the test varieties with a resistant crop. A plant in one corner of 
each plot is inoculated with a composite of rust races, thus providing inoculum 
for dispersal to the remainder of the plot downwind from the inoculated corner. 
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Assuming that contamination by inoculum from an outside source does not 
occur, this method will provide a means of rating varieties or advanced lines 
for rust development over time and distance. The land and seed requirements 
make the method unsuitable for rating early generation selections. 

In hopes of reaching a better understanding of the host-pathogen interac
tion hetwieen the leaf rust and triticale strains, disease development patterns were 
established for each entry in the advanced triticale yield tests at CIANO during 
the 1971-72 season. Spreader rows of susceptible strains were provided for 
dispersing inoculum hut a natural infestation of leaf rust occurred before the 
spreader rows were inoculated. Leaf rust reaction readings were begun shortly 
after rust infection had occurred in the nursery and were taken weekly until 
the leaves were severely necrotic or too ripe to provide an accurate disease reac
tion estimate. The reaction ratings were estimates, in percent, based on the area 
occupied by sporulating pustules. This tended to bias the readings by occasionally 
underestimating the effect of the disease on the strain, particularly where severe 
necrosis ocurred, hut more accurately estimating the amount of inoculum pro
duced for dispersal to neighboring plants. 

At the end of the season disease development patterns were established for 
each entry in the seven advanced yield tests by plotting reaction values against 
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time. A strain of triticale (HTI · 1-1 Y), previously selected for susceptibility to 

leaf rust, was grown in the same nursery area and evaluated for rust development. 

Disease development patterns were studied and arbitrarily placed in groups 
having similar patterns. Most of the strains could he classified into one of the 
five development patterns represented by: Cocorit, Armadillo 105, Siete Cerros, 
HTI-1-lY, and lnia (Fig. 111-1). 

Entries segregating for leaf rust created some difficulties. Wherever two 
types could he distinguished, separate development patterns were prepared. 
Hence, there were several more patterns (188) than there were entries in the 
yield test ( 175) . Except for the immune or highly resistant Group I represented 
by Cocorit, the other groups follow normal logarithmic disease development 
patterns until the maximum value (100) is reached or the leaf area dies from 
other causes, depending upon the rate at which the disease develops. 

Thirteen strains produced patterns which differed from any of the five 
represented in Fig. 111-1. These strains either levelled off in rust reaction towards 
the end of the season (Fig. 111·2, a and b), levelled off early in the season (Fig. 
111-2, c) or developed less rust on the upper leaves later in the season than on the 
leaves earlier (Fig. 111-2, d). The strains developing patterns represented 
in Fig. 111-2, a and b, developed telia before the leaves began to ripen. Most 
of the urediospore development ceased soon after the telia production started. 
The reduction in urediospore development in Fig. 111-2, c and d, could not 
he accounted for by the early production of telia. 

During the season other diseases had negligible influence on plant devel
opment and it was hoped that a meaningful association might he established 
between leaf rust development patterns and yield. However, soon after heading, 
severe lodging occurred among most of the triticale strains in the test. It is 
highly probable that lodging was more effective in reducing yield than was leaf 
rust. Average yield values for categories 1, 2 and 3 would tend to confirm this 
(Table lll-11). A marked decline in yield is evident in patterns 4 and 5 although 
the two strains in pattern 5 could hardly he considered an adequate sample. 
It is interesting t(' contemplate in review whether this approach can serve a 
useful purpose in a breeding program. The patterns revealed· the presence of 
a few strains having unusual disease development. Strains having patterns 
represented in Fig. 111-2, c and d, may he susceptible in the seedling stage hut 
have adult plant resistance. Strains represented by Fig. 111-2, a and b, produce 
telia which may drain nutrients required in grain development hut would 
appear to restrict the quantity of urediospores dispersed to neighboring plants. 
Strains which reach a maximum infection rating before maturity (patterns 4 
and 5) produce large quantities of urediospores to promote epiphytotics and 
produce lower yields. 
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TABLE III-IO. Yields anti reactions to leaf mst of check varieties rn the 
triticale experiment at CIANO (1970-71 and 1971-72). 

CIANO 1971-72 CIANO 1971-72 Reduction 
Yield* Reaction to Yield* Reaction to in yield from 

Variety tons/ha P. recoml.ita tons/ha P. recondita 1971 tol972 
% 

Inia 66 6.04 lOOS 4.19 1005 30.3 
7 Cerros 6.67 305 4.96 405 25.6 
Jori 6.80 0 6.13 0 9.8 
Armadillo 105 5.84 255 5.36 205 8.2 

* Average yield of check varieties in 7 experiments in 1971-72 and 8 experiments in 
1970-71. 

TABLE III-II. Average grain yields among triticale strains in each of the 5 
leaf rust development patterns. 

Disease development patterns 

Pattern No. 1 2 3 4 5 

Represented Cocorit Armadillo Siete Cerros HT 1"1Y Inia 
by variety 105 
No. of strains 56 30 69 18 2 
included 
Yield, kg/ha 4480 4713 4747 3848 3312 

Considerable variation appears to exist in the capacity of varieties to 
produce grain under severe leaf rust infections. Yields among strains in pat
tern 4 ranged from 3,354 to 4,966 kg/ha. lnia produced almost one ton per 
hectare, more grain than the average of the triticale strains in the same disease 
development class. Most of the strains in categories 2 and 3 did not appear 
to suffer serious yield depression from leaf rust infection. Strains in these 
two categories, which are sufficiently productive to be advanced in future cycles 
of testing, should be retained and observed for changes in disease development 
patterns to determine if changes in races result in changes in disease develop
ment patterns. Strains displaying immunity or high resistance to leaf rust 
(pattern 1) mask any opportunity to detect slow-rusting characteristics. Such 
strains should not he discarded, hut should he included in diverse nurseries in 
areas where severe epiphytotics occur regularly. Several sites which have nu
merous or different races can he used to answer the question of specificity of 
slow rosters to different races. 

The system has several obvious drawbacks. It cannot he used in screening 
segregating populations. Early rust infection and suitable disease development 
conditions are required to produce a reliable pattern. The preparation of the 
patterns is time consuming. It takes more time to prepare the patterns than 
to make the readings. It does, however, provide another dimension in the study 
of host-pathogen interaction. 
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IV. NUTRITIONAL QUALITY AND 
UTILIZATION OF TRITICALE 

Interest in the nutritional quality of triticale started soon after the triticale 
improvement program was organized. Dr. Eva Villegas included triticales along 
with wheat and rye in a Ph.D. thesis study on protein quality at North Dakota 
State University in 1967-68. Since her return to CIMMYT, Dr. Villegas has 
been in charge of the Protein Quality Research Laboratory. Her main intere::.t 
has been the development of high-lysine com and high protein quality in wheat 
and triticales. The industrial quality section is headed by Dr. Arnoldo Amaya. 
His research is directed towards determing quality characteristics and screeninJ! 
techniques in wheat. Triticales have recently been added to his program. Dr. 
Reinald Bauer took charge of the nutritional evaluation section in 1971. The 
meadow vole (Microtus pennsylvanicus) has been used in bioassay feeding eval
uations. The use of other test animals is also being considered for this laboratory. 

Dr. Fred EU:ott, Michigan State University, East Lansing, Michigan, wa,. 
responsible for using bioassays on test animals as a part of the nutritional 
evaluation program at CIMMYT. He volunteered to evaluate triticale strains 
for the nutritional quality of the protein in bioassays on meadow voles. This 
research has continued on a voluntary basis since 1969. The meadow vole 
colony used in the nutrition evaluation laboratory at CIMMYT was started from 
animals donated by Dr. Elliott. He has been interested in developing grains 
with better nutritional quality for humans for many years. A report on nutrition 
presented as a seminar at Montana State University serves as an appropriate 
introduction to this section. 

Dr. James McGinnis, Department of Animal Nutrition, Washington State 
University, Pullman, Washington, became involved m nufritional quality of 
triticales in 1970. Through a grant from the Rockefeller Foundation, Dr. 
McGinnis has continued to test triticale strains for feed efficiency using chick:s 
and laying hens, and for the presence of compounds in grains which depress 
growth. 
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GENETIC SOLUTIONS TO THE WORLD roon CRISIS 

F. C. Elli.au * 

Depending upon one's background and degree of insulation from reality, 
there may or may not appear to he a food crisis. In a recent Agricultural 
Science Review article on food, Polopolus says "the impending collision between 
population and food supply may well he the biggest problem ever to confront 
the human race". The dimensions of the crisis are aggravated by the annual 
addition to the world's population of the equivalent of at least one France with
out any accompanying resources in land, water, space and other requirements 
for rewarding existence. 

If current trends continue, the present world population of three billion will 
double in the next 35 years. To feed this population, even at the world's present 
inadequate average diet, food production would have to he doubled in three 
decades. If food production and demand continue as projected, the food deficit 
of the developinE areas could he too great by 1980 for developed nations to 
cope with the problems. 

The lack of adequate protein in diets of a large segment of people in 
developing countries is already obvious in view of the incidence of K washiokor 
and the premature deaths of up to 40% of the children horn in certain areas. 
The most devast~ting aspect, however, is the extent and significance of irre· 
parable damage clone to brain differentiation of the survivors. 

Most expt;rts describe as unrealistic the possibilities of providing people 
in low-income countries with average diets rich enough in animal proteins to 
meet protein needs. 

What hope do the oceans hold in terms of increased protein from fish? 
Although of major importance in some countries, fish account for only 3% of 
the world's protein supply - a contribution equivalent to that of vegetables and 
fruits. Using hunting-type methods, the potential world fish harvest might be 
2.5 times or more the 45 million t~ns now caught, of which 10 million toa, 
are reduced to meal for animal feeding. Marketing problems limit fish consump
tion in developing areas although local fish-pond farming could c-0ntribute sig
nificantly to prottm supplies. Processed fish protein concentrates should serve 
as good supplementary sources of protein which could be moved readily to areas 
of greatest need. 

The mass of populations in developing countries get most of their protein 
and calories from grain. Improving the protein through genetic m«:>ans along 

* Department of Crop Science, Michigan State University, East Lansing, Michigan. 
U.S.A. This article is from a decture series given at Montana State University by Dr. Elliott. 
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with increased production, less waste, hetrer handling, etc., are most important 
in subsistence areas where tnnsport and handling facilities are nil 

We assume for our discussions that people in densely populated develop
ing areas must emphasize direct consumption of local cereal-legume diets re
quiring minimal ealoric inputs for cooking and preparation. We also acknow
ledge that current plant protein sources generally are seriously deficient in 
certain essential amino acids and may contain inhibitors or antimetabolic com
ponents which interfere with efficient utilization of the nutrients present. 1 f 
the present U.S. soybean crop, approximating one billion .bushels annually, wert' 
processed entirely into toasted soybean protein products, instead of being used 
for animal feeding where 80% to 90% of protein and calorie stlbstance is 
lost, it could provide 750 million children with a daily 40--gram ratimi 'Of liigh
quality protein according to Milner (p. 58, World Protein Resouroes)_ Actually, 
soybeans provide 60% -of the high-pmtein supplement for mixed feeds and 
udy 2% of the total meal supply, or 300,000 tons, were used Ior food in 
1965-66. 

As useful and cheap ·as defatted, heat-processed soybean meals and flours 
are as protein supplements, they suffer certain limitations which additional 
researcll and processing .developments must seek to remedy. First, their ap-; 
pearance and flavor remain a :compromise among various processing factors 
related to the solvent-defatfing step. 

The subsequent ~ntizieg of the meal with moist heat causes colo.r 
develepment (Maillard reaction), yet heat processing is necessary to inactivate 
the deleterious :mtimetaholic factors. Since the protein becomes largely heat 
denatured and therefore 'insoluble, it has serious technological limitation<; in 
terms of control or moilification -0f physical properties desirable for a variety 
•f foods. Possibilities for comhinations with other foods -are ,aJso restricted. A 
challenge to research exists in finding more effective and economical ways to 
process soybeans ru! food and particularly to improve their palatability, flavoT, 
and nutrition. 

sOybeans contain antimetabolites, the chief offender being heat labilt> 
trypsin inhibitors. Saponins and other minor antimetabolites may be heat 
stable in ordinary processing techniques. Protein efficiency ratios for soybean 
protein are not zs high as .they should he. One of the most challenging plaat 
breeding problems today is mampulating the genetic syfitem in soybeans to re
'move the negative factors present and augment the posifrv:e components affect. 
ing quality and quantity. 

More efficient utilization of all the component parts of -various crop com
modities is an absolute essential as we contemplate all-out .assaults on future 
protein requirements. Cotton is another crop in which the ·presence of anti
metaholites, the major one '.being gossypol, has seriouSly limited the utilization 
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of the seed meals for human nutrition. This very reactive polyphenol is present 
in small glands in the aboveground parts, including the seed. Free gossypol 
is toxic to monogastric animals. During processing under heat and pressure, 
~sypol also react& with lysine, decreasing the protein quality of the meal. 
Technological research on conventional varieties has not eliminated most of 
the serious problems and the discovery and genetic utilization of glandless 
mutants in segregating material from crosses involving Hopi cotton (G. hir
sut,um) has led to developing gossypol-free cottons. Flours produced from these 
glamlless varieties have high protein quality. 

Three major genes cause the glandless condition in the tetraploid cottons; 
these are designated gl, ( glandless stems, petioles and carple walls), gl2 and 
gl3 (glandless cotyledons, leaves, stems, petioles, and carpel walls). The genes 
g-14 and gl5 behave as modifiers and have relatively minor effects on the number 
and distribution of glands. The amount of gossypol in cotton seed is correlated 
with the combinations of gland-determining alleles gl2 and gl3 present in the 
plant. Highest levels are found in the genotype Gl2Gf:i Gl3 Gl3 and lowest in the 
recessive condition of these alleles. Since gossypol may form part of the plant's 
natural defense mechanism to insects, interest is developing in breeding for 
high-gossypol leveb in the plant parts attacked by insects combined with low 
levels in the seeds. 

Discussions of protein sources as byproducts after oil extraction in crops 
such as soybeans, cotton, peanuts and coconuts often assume unlimited markets' 
for the oils, which may prove unrealistic in world markets. Their potential 
fiiture status in many needy areas is also tied in with industrial capacity, tech
nological development, transportation, marketing, and other factors. 

In developing countries where the food crisis is most imminently critical, 
the problem centers largely on adequate supplies of suitable quality protein 
and other food ingredients among the subsistence agricuhural products for 
simple basic diets. In our society, as Polopolus points out, emphasis is on "man
ufacture of new food products that complement and reinforce the corporate 
objectives of profit and growth". Subsistence foods and riot diets ~y not 
mark up well or sell well in our supermarkets, hut there is an obligation and 
responsibility to develop them nonetheless. 

Recent studies of man's emergence from hunter to farmer, especially in 
the Middle East, reveal clearly that changing climates at the close of Pleistocene 
times were responsible for the disappearance of certain large game and invasion 
of dry habitats by forerunners of modern cereals. Man was forced from hunt
ing to farming and domestication of those adaptable animals in the environ-. 
ment. Most of his important changes in response to environment were neither 
l'hoices nor innovations characteristic of superior intellect. His greatest in· 
novative talents through the years have been devoted to articles and agents 
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of war and destruction and trickle-down applications to.peaceful pursuits have 
generally been heralded as t.echnological breakthroughs to better living. Now 
for the first time, man's own activities have been responsih1e for major en
vironmental deterioration requiring immediate ~d all-out efforts at restoration 
of more ecological balance. Vested interests in environmental exploitation may 
no longer ignore ecology for there is no place to run away to or hide from the 
consequences to the environment. 

While consi.-!ering food sources and problems we must hear in mind that 
the human gastrointestinal tract wiB not change significantly in a short timt'" 
nor will the rigidity of customs, dietary habits, etc., at all socioeconomic levels 
where choice is involved. We, therefore, place great hope upon genetic improve
ment of the proteins in COIWDOll staple cereals and legumes, which are the main
stays of subsistence diets the world around. Possible partial solutions to tht'" 
food crisis may come from novel protein sources, synthetic amino acid sup· 
plementation where sophisticated facilities for handling and distribution are 
available, and from other sources; they will all he needed. The greatest impact~ 
however, can still he made by iinproving genetically the protein quality c>f 
old and new food crops in subsistence agriculture. Genetic transfers of herit
able bases for good nutrition can then he made to locally adapted varieties for 
greatest local impact. 

The transfer of the opaque-2 gene to Columbian corn by Dr. Dale Harp
stead and colleagues and the subsequent demonstration of animal and human 
nutritional value there following up the initial discovery of Mertz and Nelson 
is an outstanding example of a genetic contribution to nutrition. 

A number of important inferences can he drawn from this example which 
will he applicable to most efficient exploitation of other high-protein crop plants. 
Interdisciplinary research and a high degree of cooperation with industry were: 
imperative to success. Plant breeders, nutritionists, medical clinicians, and in
dustry all joined in a team effort towards solving a tragic and emotional 
situation involving life and death in undernourished children. 

What are the prospects for similar nutritional finds in other cereal grains? 
We think they are good although they may involve more complex genetic 
situations in both positive and negative components affecting nutrition than 
was the case with high-lysine corn. 

Workers at the Swedish Seed Association have already found high-lysine. 
barley combined with high protein in the variety Hiproly from their systematic. 
amino acid survey of the USDA collection of barleys. 

The main deterrent to greater progress in this work has been lack or 
relationship between limiting essential amino acid content as· determined from 
hydrolysates of plant materials and the growth rf'sponses elicited from thf'!'e 
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sources in laboratory animal bioassays. Protein quantity and quality, proteolytic 
inhibitors, and other antimetabolic components interact to produce complex 
responses in bioassays which must serve as a court of last resort. Chemical 
assays are often too indecisive. to help in selection programs. The plant breeder 
has been largely denied a piece of the action, even though responsible for 
manipulating the germ plasm and studying heritability. For his work the plant 
breeder needs bioassays for screening large numbers of entries with minimal 
replication. Such bioassays would facilitate genetic study of the components 
of nutritional efficiency and isolate promising lines. 

The meadow vole has proved an interesting subject in our search for bio
assays suitable for the plant breeder. The field mouse, as it is commonly called, 
is not a true mouse hut is instead a foraging Microtine rodent that responds 
well on low-protein, high-fiber diets. The weanling growth rate potential is 
quite great, making possible 5- or 6-day assays requiring only small amounts 
of experimental diets. From a small local collection in 1962 we have now 
achieved domestication in, a viable colony which has retained wild-type re
sistance to the respiratory diseases common to laboratory strains of rats 
and mice. 

We began weanling vole assays of seed protein quality about two years 
ago after John Shenk, now of Pennsylvania State University, had stndied the 
interrelationships of dietary fiber, protein, and energy requirements of the vole 
weanling. By constructing experimental diets at 7'% protein and maximizing 
energy with a standard carbohydrate source, the primary growth responses 
were due to protein quality. At added alpha-cellulose levels between 20%· and 
40% as hulk, the vole weanling actually responds most efficientlyr to both 
energy and protein of the experimentaf diets. 

In our control 6-day tests using 7% protein :fre»m caee.Di,. tfre protein ef
ficiency ratios (PER) for vole weanlings were veiy similar to those obwned 
with rats on 10% casein diets in ~ ten~ R@cent values obtaffied on a 
series of corn products in 7% protein tfiets were identical with data abcained 
at tbe MassachH8etts Institute of Technolbgy on the same diets. 

These preliminary tests have given us confidence to proceed wit& ad
ditionaf screening assayS< for PER, with increases of a few promising l~ and 
cooperation with medical nutrition teams from 'Fufts University in elinical . 
evaluations of these cereal lines in remeving pr0tein deficiency symptoms in 
Latin American children. 

Among the most. interesting current material$· are a series of oat lines 
from USDA and triticale lines from CIMMYT in• Mexico. 
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IMPROVING NUTRITIONAL QUALITY OF TRITICALE 

Evangelina Villegas * 
CIMMYT is concerned not only with breeding improved genetic materials 

with outstanding agronomic characteristics and high grain yield, but it is also 
concerned with improving the nutritional quality of cereal grains. 

Cooperative research to improve triticale has been conducted for several 
years by CIMMYT and the University of Manitoba. In 1971 CIDA (Canadian 
International Development Agency) and IDRC (International Development 
Research Center, Canada) financed our project for improving the nutritional 
quality of triticalc protein. 

Cereals, the principal source of plant protein, are lower in nutritional 
value than animal proteins. Nutritional quality of a protein is determined by 
the amount and the kind of amino acids available during digestion. The low 
nutritional quality of cereal grains res1,1lts from a poor balance of essential 
amino acids. In general, the most limiting amino acid in cereal protein is lysine. 

Early studies on triticale grain showed a wide range in protein content 
and in percent of lysine in a large number of strains. 

During the last ·three years chemical evaluation of protein quality has 
been performed at CIMMYT on many advanced generation lines of hexaploid 
triticales having favorable agronomic characteristics. The protein content of 
these samples ranged from 11.7% to 22.5% with an average of 17.5%. How
ever, the earliest triticales usually had several shriveled kernels. The lysine 
content of the protein varied from 2.5'% to 3.7% with an average of 3.2%. 

Triticale lines evaluated during the last two years have been submitted 
to an intensive selection for plumper kernels and higher grain yields. The grain 
type has improved hut the protein content has decreased. In 2,381 lines studied 
during 1972, the protein content ranged from 10.9% to 19.1 % with an average 
o( 13.~%. The lysine in the protein ranged from 2.6% to 3.9% with an 
average of 3.4%. Lysine content in the protein was correlated inversely with 
the protein content of the grain. 

Screening Procedure 

The screening procedure that has been used in evaluating protein quality 
of individual plants is the DBC (dye binding capacity) method (Moss
berg 1969). 

The evaluation procedure used in CIMMYT's Laboratory is: 500 mg of 

* Head of the Protein Quality Laboratory, CIMMYT, Mexico 
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finely grnund sample .are shaken with 25 ml of monosulfonic azo dye, acid or
ange 12 (Udy reagent), for one hour. The dye bonds with the basic imidazol, 
guanidine and amino groups of the proteins. These groups may originate from 
the basic amino acids histidine, arginine and lysine as well as from free amino 
end groups of the protein chains. Since the proportion of basic amino acids 
in the proteins is reasonably Constant, the correlation obtained between DBC 
and crude protein content is high. Therefore, we select the higher DBC values 
(percent transmission of unbound dy~). The high DBC values can he due to 
high protein or to a high content of basic amino acids in the protein. In those 
samples showing high DBC we determine the protein content by using the 
Kjeldahl procedure. Then a variable quantity of sample, depending on the con
tent of protein, is weighed in order to have a constant amount of protein 
( 60 mg) in all samples. The dye-binding reaction is repeated again, shaking 
for one hour with 25 ml of dye. The percent of light transmission indicates 
the quality of the protein (level of lysine in the protein). 

Using this DBC method for screening will permit us in the future to 
search for high protein content and/or improved protein quality in a larger 
number of materials with all types of grain. 

Screenins:i for Phenolic Compounds 

Feeding trials with rye diets in the past have shown low food intake and 
poor growth of experimental animals when the proportion of rye in the diet 
was above 50%. It also has been reported that the poor growth with rye diets 
was caused by the presence of a substance identified as a mixture of 5-n·alkyl 
resorcinols and a smaller amount of 5-alkenyl resorcinols (Wieringa 1967) . 
These compounds have also been found in wheat hut to a lesser proportion. 

In Sweden, Munck reported in a preliminary screening for 5-alkyl resor
cinols in rye that there was a great variation influenced by both genetic and 
environmental conditions. Early nutritional evaluation of triticale using the 
meadow vole as a test animal at Michigan State University established a wide 
range of protein efficiency ratios (PER) among different triticale lines. This 
wide variability indicated the possibility that the PER values might he due 
to a high content of resorcinols in some of the lines studied. Therefore, we 
proceeded to determine the resorcinol content of the different triticale strains. 
However, chemical screening analysis has shown that the content of resorcinols 
of tritieale compared to its parental species -wheat and rye- is intermediate 
or closer to that usually present in wheat, which has not shown deleterious 
effects in wheat diets. Resorcinol values found in CIMMYT triticale strains 
(over two years) ranked from 0.05 to 0.13. Among 550 triticale samples that 
have been fed to voles in the CIMMYT Animal Nutrition Laboratory, we have 
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not found toxic triticale lines. Some of these triticale lines with the highest 
content of resorcinols were fed to voles and no correlation with_ the PER was 
observed. 

The PER values obtained at CIMMYT are available, hut most of them are 
similar to those obtained with casein (2.4 to 3.2). Even though toxicity or 
presence of antimetabolic factors has been reported with some triticale strains 
hy other scientists, probably this possibility has been overestimated. Evidence 
available does not clearly prove this hypothesis. 

Ergot contamination is a complicating factor in establishing the nutritional 
value of triticale as well as that of rye in certain areas of the world. Ergot 
does not, however, occur in Mexico. So the toxicity problem from this cause 
can be disregarded in our material that has been evaluated by other scientists 
and reported to be toxic. 

Feeding Experiments 

A comparative study of biological evaluation of 7 maize samples, 3 tri
ticale, 2 wheat and 2 sorghum samples was conducted using rats, meadow voles, 
chicks and mice at different 'institutions. 

Protein and amino acid composition of the samples used are presented 
in Tables IV-1, IV-2, and IV-3. 

One objetive of the study was to evaluate the protein efficiency of the dif
ferent cereal grains. But perhaps more important was to evaluate different 
laboratory test animals and find the most appropriate animal for reliable 
biological evaluation of small quantities of genetic material. 

The results are presented in Table IV-4. 
Data from the rat experiments were quite satisfactory and gave com

parable results when using 1-, 2-, or 4-week test feeding periods (at Purdue 
University) . 

The results obtained at CIMMYT with the meadow vole did not rank the 
materials with different protein quality among the different cereal grains in 
the same order as was done in the rat experiment. Also, the PER''! did not 
correlate with the PER's obtained from the rat bioassay. However, data obtain
ed from Pennsylvania State University (Shenk 1972) using voles showed better 
results than ours. 

In the CIMMYT experiment, some cereal dietf. have poor acceptability by 
the test animal, especially maize. About 30% of the test animals did not start 
eating the maize diets immediately, and some animals did not fully adjust until· 
the end of the test period. The intake of maize diets was 10% to 15% lower 
than the intake of casein or triticale diets, which are apparently well accepted 

hy this animal. 
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TABLE IV-L Amino acid composition on maize samples.* 

4855 4856 
4854 Ver 181-Ant. Ver 181-Ant. 

Ver. 181-Ant. Gpo. 2 x Ven. iGpo. 2 x Ven. 
Gpo 2 x Ven. 2 (h d 1 opaque-2 

1 (norm.al opaque- ar (soft 
endosperm) endosperm) endosperm) 

Lysine 2.54 3.98 3.73 
Histidine 2.90 2.43 2.61 
Arginine 4.09 5.98 5.14 
Aspartie acid 7.-04 8.69 8.49 
Threonine 3.28 3.29 3.27 
Serine 5.07 4.68 4.07 
Glutamic acid 23.37 17.51 15.87 
i>roline 8.74 6.84 6.54 
Glycine 3.54 4.41 4.01 
Alanine 7.67 5.40 5.15 
Valine 4.48 4.53 3.64 
Isoleucine 3.07 2.51 2.08 
Leu cine 13.62 7.84 7.06 
Tyrosine 3.15 2.51 2.42 
Phenylalanine 4.36 3.33 2.90 
Tryptophan * * 0.63 0.% 0.93 
Protein 10.50 10.75 11.07 

* Gram~. per 100 gm of protein (defatted samples). 
* * Colorimetric method. 

4857 
Tuxpeiio 
normal 

opaque-2 

4.10 
2.90 
5.74 
9.13 
3.47 
4.33 

17.01 
6.56 
4.24 
5.57 
3.80 
2.14 
7.22 
2.61 
3.54 
1.01 

10.25 

4858 
Tuxpeiio 
normal 

2.53 
2.73 
4.06 
7.48 
3.43 
5.37 

23.67 
8.74 
3.59 
8.40 
4.69 
2.91 

13.41 
3.31 
4.07 
0.67 

10.12 

TABLE IV-2. Amino acid composition on maize, sorghum and casein samples.* 

7268 7269 7270 7271 7272 8261 
Maize Maize Sorghum Sorghum Sorghum Casein 

Oh43x B Oh 43 fl2 
14 norm.ail xB14fl2 IS 2319 025042-1 IS 8165 

Lysine 2.85 3.02 2.29 2.16 2.20 8.29 
Histidine 2.36 2.36 1.88 2.40 1.91 2.55 
Arginine 4.52 5.65 4.62 3.37 3.79 3.52 
Aspartic acid 6.91 6.78 8.13 7.65 7.38 7.20 
Threonine 3.43 3.17 3.14 3.67 3.23 4.24 
Serine 5.31 5.47 5.44 5.59 4.72 5.94 
Glutamic a~id 22.31 19.66 26.31 25.13 23.90 23.56 
Pro line 11.47 9.89 9.77 10.35 8.21 ll.66 
Glycine 3.73 3.72 3.18 3.51 3.04 l.72 
Alanine 7.65 6.93 9.95 11.30 9.61 2.90 
Valine 4.42 3.77 4.03 4.98 5.43 6.18 
lsoleucine 3.24 2.66 2.63 3.83 3.67 4.28 
Leu cine 13.89 11.71 13.77 15.48 13.92 8.91 
Tyrosine 4.01 3.97 _3.% 4.23 4.07 5.58 
Phenylalanine 4.89 4.66 4.80 5.19 5.44 4.94 
Tryptophan .59 .73 l.40 
Protein 9.50 9.56 11.25 11.50 9.62 89.37 

* Grams per 100 gm of protein (defatted samples). 

58 



TABLE IV-3. Amino acid composition of whrat and triticalr samples.* 

4859 4860 4861 
7 Cerros INIA TclPM-132 

Lysine 3.07 2.83 3.59 
Histidine 2.30 2.21 2.23 
Arginine 5.31 5.03 5.78 
Aspartic acid 6.02 5.68 5.94 
Threonine 3.40 2.98 2.73 
Serine 5.64 5.31 4.81 
Glutamic acid 38.02 37.15 28.90 
Proline 9.45 9.38 8.83 
Olycine 4.79 4.53 4.23 
Alanine 3.86 3.64 3.21 
Valine 3.25 3.73 3.77 
lsoleucine 2.24 2.68 2.82 
Leu cine 7.21 7.22 7.00 
Tyrosine 2.92 2.90 2.12 
Phenylalanine 3.69 3.77 3.95 
Tryptophan** l.57 I.56 I.IO 
Protein 11.06 ll.51 14.82 

* Grams per 100 gm of protein (defatted samples). 
* * Colorimetric method. 

4862 4863 
TelPM-2 TclPM-15 

3.00 3.44 
2.03 2.23 
4.73 5.92 
5.95 7.57 
2.72 3.03 
3.89 5.59 

28.90 34.89 
7.74 15.08 
4.02 4.81 
3.64 4.44 
4.16 3.24 
3.21 2.33 
6.89 6.97 
l.77 2.77 
3.75 4.74 
l.02 l.15 

16.53 15.05 

TABLE IV-4. Comparison of biological evaluation of 10 cereal samples with 
rats, voles and chicks. 

Average protein efficiency ratio 

Sample Rat CM.ertz) a Vole Vole 
no. 28 days 14 days (Shenk)b (Bauer)c 

4854 Ver 181 (Normal) I.59 l.67 0.87 1.30 
4855 Ver 181 (Hard End) 2.83 2.% I.41 1.65 
4856 Ver 181 (Soft End) 2.90 3.31 1.89 l.62 
4857 Tuxpeiio Opaco 2.84 3.25 2.28 2.27 
4858 Tuxpeiio Normal l.72 2.07 l.08 2.00 
4859 7 l.erros l.57 I.73 l.98 3.20 
4860 lnia 1.66 l.60 l.78 2.69 
4861 Tell PM-132 2.01 l.89 1.59 2.37 
4862 Tel PM-2 l.81 l.80 l.90 2.01 
4863 Tel PM-15 1.97 l.93 l.63 2.65 
8262 (Casein) 3.34/3.22 4.38/3.64 2.15 2.37 

a: Ten male rats in each group. 
b: Each value r!lpresents the average response of 6 voles over six-day period. 
c: Each value represents the average n~ponse of 5 voles over five-day period. 
d: Each mean is the average of four replicate groups of 5 chick5 each. 

r.hick 
(McGin-

nis)" 

2.10 
2.45 
2.81 
no vain!' 
2.33 
2.12 
2.25 
2.31 
2.18 
2.32 
2.81 

On the contrary, we have observed inconsistency in the data obtained from 
the vole experiment. The explanation for this fact has been that thr vole colony 
is a heterogeneous population and variation in responses between individuals is 
excepted to he larger than between individuals of inbred lint>s. However, Wt' 
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consider that data obtained can vary from different workers and experiments, 
hut has to he consistent in order to be reliable. We plan to perform some more 
experiments using more replications ( 10 animals) for assay than the 5 animals 
used as well as to try a short adaptation period after weaning, thereby initiating 
the experiments at higher starting weights. Also, certain modification of diet 
formulation can probably improve palatability and help to overcome some of 
the problems. It is necessary to know more about the requirements and phy
siological behavior of the meadow vole. We will study these aspects for approx
imately six months more. Results of these studies will allow us to decide if the 
vole can become a suitable laboratory test animal for evaluating nutritional 
quality in the screening of cereal grains. 

Even though both chemical and feeding trials (using different test animals 
and humans) have indic-ated that triticale proteins hare a slightly higher nu· 
tritional value than wheat, additional improvement for higher lysine content 
has to he made since lysine is still the limiting essential amino acid as it is in 
other cereal grains. 

Possible Miscellaneous Uses of Triticale 

Besides using triticale as feed, this cereal might be used in the manufac-. 
ture of products for human consumption. It has potential use for producing: 
chapatis, tortilla, bread, malts, pasta, breakfast cereals, including flakes, puffs, 
shredded products and pancake flour, as well as in the brewing and distilling 
industries. In regard to bread-making quality of triticale flour, early studies 
reported a poor baking quality and that it was possible to obtain good baking 
characteristics only when blending triticale flour with hard wheat flour. 

Recent studies have shown, however, that it is possible to produce bread 
of acceptable quality with 100% triticale flour (Lorenz et al. 1972). 

TABLE IV-5. Milling and baking cha rncteristics of four triticale lines and 
lnia wht>.at cherk. 

Test Flour Mixo- Water Bread vol. c.c. 

Sam pile wt yield Flour Sed. gram Mixing abs. L.F. S.F. 

no. kg/hi % protein c.c. form time % 125min 65min 

Tel 
.45 59.0 445 495 595 70.2 59.0 14.0 12.0 

Tc! 
596 66.2 53.3 11.4 l7.0 1.00 60.5 600 600 

Tel 
1.25 59.0 640 725 597 65.6 55.7 13.6 26.0 

Tel 
598 67.3 51.7 11.4 16.0 1.05 59.6 610 600 

Wh""" 2.05 59.4 810 820 INIA M 83.7 65:0 12.3 45.0 5 

60 



FIG. IV I. Baking performance of four triticale lines using two fermentation times. 

The CIMMYT Wheat Quality Laboratory dso studied the baking char
acteristics of flour from hexaploid triticale lines. The triticale lines grown under 
irrigation in Mexico were selected from advanced generation material. The 
samples were tempered to 14.5% moisture for 24 hours and milled in a Bra
bender Quadrumat Senior Mill. The amount of flour screen is expressed as 
percent yield. These flours were used for the following tests: flour protein, 
mixogram, sedimentation and baking. The results are presented in Table IV-5. 

The flour yields of the lines studied ranged from 51.7% to 59% compared 
with 83.7% for the control wheat. This low flom yield of the triticale lines 
resulted from their low test weight. The protein content .of two of the four 
Triticale lines studied had higher protein content than the control wh~at. 

However, all of them had extremely weak mixing properties. No variability in 
water absorption was observed among the triticales. 

The baking performance was studied at two different fermentation periods. 
Four loaves were baked from each of the flours following the AACC method, 
using a fermentation time of 125 and 65 minutes (Fig. IV-1) . 
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The baking characteristics of the tritieale lines with higher protein content 
were slightly improved with the short fermentation period. lt has been reported 
that by modifying the most critical factor - fermentation period - further 
improvement can he made by adding dough conditioners such as sodium stearoyl· 
2-lactylate and calcium stearoyl-2~lactylate (Tsen et al. 1971). 

Tortilla and Chapati Making 

The four triticale flours were used for making tortillas. The results ob· 
tained were quite satisfactory and almost similar characteristics were observed 
in wheat and triticale tortillas. There were no particular problems encounter· 
ed in the manufacture of tortillas and no difference was noticed among the 
four lines of triticale (Fig. IV ·2). 

Triticale meals were used in making chapati&. The quality characteristics 
were similar for the wheat and triticale chapatis, except that color was darker 
in the triticale chapati_s (Fig. IV-2). 
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BIOLOGICAL EVALUATION OF CEREAL PROTEIN 

Reinald Bauer * 
CIMMYT is developing high-quality-protein \·arieties of maize, wheat and 

triticale. Biochemically, these improved materials are evaluated by the CIMMYT 
Protein Quality Section. This section provides chemical information about pro
tein quantity and quality for thousands of breeding lines. Besides this essential 
biochemical evaluation, a biologieal measurement of protein quality is abso
lutely necessary. Data from both the chemical and the biological evaluations. 
of protein quality support the plant breeders. 

In August 1971, CIMMYT received a small colony of meadow voles from 
Michigan State University. The hioassay program started in January 1972 with 
about 100 animals. The laboratory capacity is almost 600 adult animals. 

Meadow voles were chosen for CIMMYT's bioassay program because of 
some notable characteristics: their rapid growth rate, their low food require
ments and their high reproduction rate. Meadow voles can be useful prelim
inary test animals in nutrition studies when a rapid, inexpensive means of 
evaluating protein sources is needed. 

Methods 
One of the most commonly used methods to evaluate the nutritional value 

of plant proteins is determining the protein efficiency rat!o (PER) . This method 
was adapted for use with meadow voles. 

The cereals are ground to pass through a 1 mm screen. After completing 
the nitrogen analyses, the percent of each of the cereal grains to he included 
in the ration is calculated. Each material tested is th·e sole source of dietary 
nitrogen and is incorporated into the test diet at a level equivalent to 7% 
protein (wheat and triticale: nitrogen x 5.7; others: nitrogen x 6.25). The 
other components of the diet are: 20% fiber (Alpha-Cel), 3% s.alt mixture, 
2% vitamin mixture, and carbohydrates (dextrin, sucrose and cornstarch) are 
added. The ·amount of carbohydrate mixture added to the diet varies with tht" 
amount of test material. 

All dry ingredients are mixed with water mechanically until all ingredient"> 
adh·ere, then they are formed into wafers and dried overnight in a warm (38°C) 
ventilated oven. The wafers are brought to a suitable moisture equilibrium 
Jevel !>f about 15% before feeding. Two hundred grams of experimental diet 
is usually sufficient for a 5-day test using five weanling voles. The voles require 
only five grams of diet containing 7% protein per day. 

* Animal Nutritionist, CIMMYT, Mexico. 
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Litters are weaned 12 or 14 days after birth and placed on an intermediate 
diet for two to three days. When started on the test diet, the weight of voles 
is approximately 12 grams. The weanling voles are individually placed in 
disposablr cages. Body weight gain and fee.cl consumption are recorded over a 
5- to 6-day period. The protein efficiency ratio (PER) is calculated by dividing 
weight gain by protein intake. 

Evaluating triticales 

Chemical analysis provided the first information about protein quality 
and quantity. Promising high-quality protein varieties or crosses of triticale were 
then screened in the Animal Nutrition Laboratory. About 2,500 weanling voles 
were available for feeding triials in 1972. Approximately 550 triticale samples 
have been screened, most of them with three replications (one replication = one 

These meadow voles are used in bioassays for Ecreen ing triticale strains for nutrition..il 
quality. 
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TABLE IV-6. Disease-infected triticale straw from Toluca (MV-72) checked 
for toxicity on voks.* 

Average feed 
intake** 

g/day 

Normal straw from 
triticale plants (clean) 4.33 

Disease-infected sLQl.W 

from triticale plants 4.37 

Average gain 

g/day 

.64 

.85 

Average 

PER 

2.57 

3.20 

Standard 
deviation 
of PERs 

'· 1.02 

.23 

* Each value represents the average response of 5 voles oveir five-day period. 
Cellnllose was substituted by straw (20% in diet). 
Protein source: NBC Casein, Hiammorsten (7% protein in diet). 
* * Air-dry basis. 

animal). The PER indicated that the nutritional value of most CIMMYT 
triticales is good. The PER values are very similar to those of casein (2.8 to 3.2). 
1 ust a f.ew sam9les were found which showed PERs below 2.0. 

Toxic triticale lines which kill voles were not found. Some triticale 
li11es which show a high content of resorcinol were fed to voles, hut no toxicity 
and no correlation between PER and resorcinol content was observed. Toxicity., 
has been reportl'd by Elliott of Michigan State University and other scientists. 
At CIMMYT hundreds of lines have been evaluated on voles and it i<; obvious 
that toxicity of triticale grain is not a serious problem, at least not in reforence 
to CIMMYT's material. 

Since straw of different cereals is used as bedding material for different 
domestic animals in general as well as a feedstuff in rumiant nutrition, it was 
interesting to check disease-infected triticale straw for toxicity on voles. Cel
lalose was substituted by straw (20% in diet) and the protein source was NBC 
ca8ein (7% protein in diet). The disease-infectd straw did not indicate any 
toxicity in fet>ding trials with meadow voles (Table IV-6). 

Feeding trials with different protein levels in diet 

In order to decide whC"ther or not the usual 7% protein level is efficient, 
a feeding trial was carried out using corn, wheat and triticale samples at 7%• 
5% and 3<;i: protein in the diet. The results are presented in Table IV-7. They 
,.:how that tlw 7% protein level is justified, th.~ 5% level will still give ac-
1·t>ptable responses. and the 3~ protein level indicates a serious protein 
ddiciency. 
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TABLE IV-7. Effect of different levels of protein on gain, feed intake and protdn index of weanling voles.* 

Average feed intake Average gtilh Protein 
(g/day) (g/day) index* 

--·-
Lab. Protein 7% 5% 3% 7% 5% 3% 7% 5% 
no. Variety or cross content Priiteln Protein Protein Protein Protein Proteill Protein Protein 

% 

4854 Casein, Hammersten, NBC 89.6 4.3 3.8 3.5 ,7 .5 .4 2.9 3.1 

7273 Veracruz 181-Antigua Gpo. 2 x 9.9 3.1 3.o 3.3 .4 .3 .2 2.0 2.a 
Venezuela 1 (Normal Endosp. l 

4855 Veracruz 181-Antiliia Gpo. 2 x 9.8 3.3 3.8 lM .5 .5 .3 2.a 3.0 
~ Venezueia 1 Op. (Hard Endos.1 

4856 Verucruz fBl-Attt~ua Gpo. 2 i !M .3.2 3.11 :!,9 .6 .3 .:! !lo L9 
Venezuela 1 Op. (Soft Endosp. 1 

4858 Tuxpeiio-Normal 9.6 11.4 3.7 3.1 .5 .4 .a 2.2 2.5 

4859 1 Cerros <Wheati io.a 4.5 3.9 3,8 .9 .7 .3 3.3 4.5 

4860 INiA (Wheal J 11.5 4.8 3,6 4.4 .9 .7 .4 3.2 4.5 

4862 Tel PM-2 14.6 3.6 3.B 11.6 .6 .6 .a 2.7 3.8 

4863 Tel PM-15 15.9 3.6 3.6 3.3 .8 .5 .2 3.5 :2.9 

* 5-day test period with 5 repl]ications. 
** Protein Index = grarns hody weight gain per gram of IJtOtelh consumed. 



V. INTERNATIONAL AND COOPERATIVE 
PROGRAMS 

INTEll:NA TIONAL NURSERIES INVOLVING TRITICALE 

F. J. Zillmsky 

The triticale Rrognun i!f directed towards improving triticales for the 
developing countries. Since most of these countries lie between 30°S latitude, 
cereal. crops are grown during the winter months in the low latitudes, except 
in the high plateaus. Day lengths are short, usually less than 12 hours. Long-day 
sensitive strains are unsuitable for these region& •. 

The first uniform set of triticale strains prepwred for distribution on an in· 
te rnational basis was the 1st ITYN (International Tritioale Yield Nursery). 
This consisted of 16 entries selected from the most promising in the advanced 
yield tests and was distributed in 1969. The number of strains was increased 
to 25 in 1971. A summary of the results from this 1st ITYN was prepared by 
Dr. David Mackenzie and distributed in 1971. 

As the demand for yield nurseries and eiiservation lines increased, a 
second series of international nurseries, the ITSN (International Triticale Scre
ening Nursery), was prepared. The first ITSN was distributed in 1970. This 
uursery includes the most promising material frem· the preliminary yield tests. 
Selection opportunities within lines exist due to some degree of heterozygosity 
still present. 

Selection pressure for dwarf strains, is practiced in the triticale program 
to improve lodging resistance where conditions favor heavy growth, such as 
under irrigation and high nitrogen application rotes. Many areas of the world 
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TABLE V-1. Summary of distribution of triticalP seed from CIMMYT ( 1969 
to 1<)72). 

Nursery 1969 1970 1971 1972 

ITYN 

Number I 2 3 4 
No. of entries 16 16 25 25 
No. of countries 28 21 28 24 
No. of locations 46 30 45 48 

ITSN Summer Summer Winter <Irr. I ( Rainfed) 

Number I 2 3 4 4 
No. of entries 47 70 75 108 123 
No. -0£ countries 16 17 21 11 14 
No. of locations 23 34 38 20 28 

OTHER MATERIAL 
No. of samples 1435 1589 1842 1533 
No. of countries 25 25 23 20 

produce cereals under rainfed conditions and at lcw levels of fertility. In these 
areas a high degree of lodging resistance is not important. In 1972 two scre
ening nurseries were prepared. The shorter, more lodging resistant strains were 
selected for locations where cereals are grown under irrigation. The nurs-erie>' 
prepared for rainfed areas included taller strains with good agronomic characters. 

The demand for segregating populations of early generation material is 
increasing every year. Requests frequently come from former trainees who have 
worked with triticale during their training period m Mexico. They are interested 
in selcting from segregating populations under conditions in their countrie<. 
Segregating bulk populations are provided for this purpose. Promising F1 and 
F2 populations are harvested after the diseased or otherwise undesirable plants 
are rogued. The number of populations and the amount of set>d from each 
depends upon the area to be seeded and upon the capability of the rooperator 
to make selections. It is expected that as the number of requests continues to 
increase, it will be necessary to prepare uniform !;ets of the segregating popul
ations as well. 

COOPERATIVE PROGRAMS 

F. J. Zillinsky 

The objectives of the cooperative programs are to encourage other resear(':h 
scientists to work together in improving triticale e5 a criltivated crop, to provide 
.seed and techniques for setting up t>ffective country programs. to evaluate the 
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~uitahility of tr-iticalP:< for comnwr-cial production and to utilizt> diff<'rent loca
tions having a variPty of Pnvironnwnts to devrlop broader adaptation in triti
rale varieties. 

Cooprrative programs work at various lt>nds. The most common is 
interchange of material and information on a person-to-person basis. Such ar
rangements involve no administrative problems, are mutually bent>ficial and mo"l 
frnqumtly involve scientists working at universitl<.>r or research institutions in 
the developed countries. Similar arrangements are sought by individuals from 
commercial companies, but past experience has shown a reluctance among many 
commercial companies and some public institutions to provide seed of their 
better materials before rdellS(> as a variety. This is due primarily to the philo
rnphy arising from "bret>ders rights". 

A more formal arrangement exists between CIMMYT and institutions in 
developing countries whose governments have entered into an agreement with 
CIMMYT or other agencies providing financial or technical assistance. 

Information and t·echnical assistance may be provided by CIMMYT by 
as."'igning trained personnel to the country or by visits from CIMMYT scientist:<. 
Along with the CIMMYT trainee program this system has been successful in 
introducing seed of new dwarf wheats and new technology in the bread wheat 
acceleration programs in many developing countries. 

Recentry IDRC has provided funds to certain developing natiom for the 
purpose of initiating triticale improvement programs. Under this arrangement, tht• 
developing country provides the facilities and staff, IDRC provide,; financial 
assistance to cover some of the expenses involved in triticale research and 
ClMMYT provi·des bret>ding material, program guidance and training~ 

BROADENING ADAPTATION IN TRITICALE 

Man Mohan Kohli* 

In the beginnig of the CIMMYT triticale program, a major part of attention 
and resources were concentrated on three yield-limiting factors. In 1968, selections 
having a combination of fertility, day length insensitivity and resistance to 
stem and stripe rust were obtained from cross X308, which was later referred 
to as "Armadillo". It was considered fairly urgent at that point to incorporate 
this fertility in the base of the program for a rapid advance in other area>'. 
The main problems now became lodging and grain shrivelling. Resistance to 
lodging was achieved through crossing with dwarf wheats although ~ifficulties 
were encountered in maintaining a desirable fertility level. The break came in 

* Triticale breeder. CIMMYT. 
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1971 with th1• idPntification of a dwarf lirw which comhirwd tlw fertility of 

Armadillo with thP ht•ight of lnia 66 wheat. It wa.~ namP<l Cinnamon. At prcscnl. 
the problem of seed shrivP!ling still t•xists. 

Finding solutions to all thes1· problems and incorporating them into th1· 
eore of the brel'ding program rt'sultl'd in a very narrow g<'nl'tic base. Triticalt> 
lines from divl'rse sources could not he added or crosst'd at this stage hccaw•1· 
they influenced the principal yield-limiting characters. Only in wry recent years 
has a wider range of germ plasm bt'm used to introduc1• new variability without 
losing fertility or dwarfness in thP segregating populations. 

The direct rt'sult of the l'arlier breeding prngram was that the tritical1· 
lines which were developed had very narrow adaptation. Howevt'r, since triticalP 
is a newly synthesized crop which has not undergone natural sdection pressun-. 
it was not expected to be adapted to a broad area of ecological conditions. It is 
difficult to predict the performance of gmetically narrow matnial under dir
ferent latitudes, elevations, temperature extrl'mes, day lt'ngth and other factors. 

In ~sence, triticale was dependent on the variation inherent within its component 
and related species. It is through the recombination of these grnotypes and 
widening of the germ plasm base that triticale wiil achieve broadPr adaptation. 

CIMMY:T, through its collaborative work with national programs, has been 
able to expedite this process to a large extent. Testing yield ovPr a range o[ 

environments would allow any type of adaptability -even a highly specifie 
type- to he recognized and used. This material selt>ct't'd un<lt'r clivrrse agro
climatic conditions for various characters, including adaptation, can he reincor
porated into the CIMMYT core program and used for crossing purposes to 
give a second cycle of hybrids which should have a wider range of 3daptation 
than their parents. 

In Mexico, triticale lines were better adapted to the high-elevation, rainFed 
and heavy disease conditions of Toluca and EI Batan than many of their wheal 
counterparts. On the other hand, because of l'Xcessive height they lodgt·d 
severely under high nitrogen fertilization and in igation in tht- Yaqui Valley. 
¥;iving poor yields. 

From this point, tremendous changes have been made. Tht- continuou:
integration of new germ plasm is changing the adaptive potPntial of newly 
developed triticale lines. There are now triticale linPS which compare closely 
with wheat check varieties in many locations. Othn are more specificallr 
adapted and, of course, some are ill adapted in most locations. However, it is 
fair to say that improvement has been rapid and consistent. An estimate or 
improvement in adaptation can be obtained from the rnsults of tht> International 
Triticale Yield Nurseries OTYN). 
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The lst ITY1\, 1969-iO, composed of 16 varieties including the check;._ 
was grown at 38 locations around the world. The results obtaint>d wne not 
very encouraging. Wheat checks outyielded triticalr lines at almost every 
location. Only at New Ddhi and Ludhiana, India, were the triticale lines able 
to outyield wheat checks. (Albatross durum and local checks were not in
cluded in these tests.) However, certain triticale strains appeared consistently 
among the four top-yielding triticale strains - Bronco 90 (22 times), Ar
madillo 133 (21 times), Armadillo 136 (21 times), Rosner (19 times), and 
Armadillo 1524 ( 18 times). Apparently, these lints have better adaptation or 
flexibility to perform well under diverse climatic condition than others which 
appeared less frequently. In the latter case, it was not readily apparent whether 
they had any specific adaptation as it is in the 2nd ITYN. 

There were 16 entries in the 2nd ITYN tf'st which was grown at 29 
l0cations, but results have been obtained from only 17 of them. Again, the 
wheat checks were gent•rally in the top positions, but the situation improved 
~lightly and triticale lines moved up to higher positions when compared to 
the 1st ITYN. 

Here again some strains were found more consistently among the top four 
triticalP lines. The strains Arm. T-909 ( 10 timf's), Arm PPV-13 ( 8 times) 
and Arm l:~O (times) appeared to perform well under diverse growing con
ditions. An interesting shift was observed in the lines carried over from thP 
lst ITYN. Arm 133, Arm 136 and Rosner, which were considered to be more 
widely adapted in the first test, confined themselves to a narrow zone of cold 
temperature ar<'as of Europe and more northern America. This may have been 
due to the large number of locations in these areas where the 1st ITYN was 
grown. Another case of specific adaptation was observed in Arm PPV-21. 
which yielded very well in all of the South American and Meso-American 
countries. The only location it appeared out of thi,, group was Bekka, Lebanon. 
Arm PPV-8 presented another interesting situation. It appeared among the 
high-yielding group wherever there was a heavy disease incidence. There wen· 
two lines, Arm 211 and Bronco 90, which appeared 5 and 6 times, respectively. 
over a range of regions. Had the results been received from all locations, tht-y 
would probably have been included among the "widely adapted" group. We 
do know from the results of the 1st ITYN that Bronco 90 performed well over 
widely diverse environments. 

Results from the :{rd ITYN are still coming in, but it was considered 
useful to determine if some trends could be detected on the basis of the available 
1esults. Tht> test was sent to 46 locations, but only 27 results are available now. 

At two location then• was a complete loss of crop. Hail damaged the tests 
at Casselton. North Dakota. t:.S.A .. and severe frost damage wa" t>xperienct><l 

72 



in Spain. Hence, results from these locations are unreliable. lndieations arr 
that triticale lines are performing more closely to the wheat checks al most of 
the locations and outyielding them at some. It is already apparent that some 
of the lines appear to be adapted to a broad range of conditions. t\rm PM 
102 and PM 111 have already appeared 10 timi>:> in the high-yielding group 
while Arm PM 112 appeared 9 times. Six lines, Arm 104, Arm 10.5, Arm 107. 
Badger 118, Badger 122 and Badger 123, each appeared 7 times. 

A possible reason for this steady improvement in adaptation may he a 
better fertility level which has now been incorporated in most of the breeding 
material, in other words the stabilization of fertility. Reduction in averq,r; 
height of the lines and production under well-irrigated and heavily £ertilizt"d 
conditions could also be contributing to the increases in yield. 

A more thorough appraisal of the performance of strains in the 2nd ITYN 
will be made after complete results are available. However, it may be very 
meaningful at this time to summarize the result-; of three tests to detect the 
change in adaptation from year to year. 

Weighted percentages of locations in which triticale strains appeared in 
the first class of five top yielders including checks, advanced consistently from 
ll.3% through 13.8·% to 16.3% average for all triticale lines. A .similar ad
vance was made in the percentage of triticale lines x locations in which ~ 
triticale lines were found outyielding the highest check. This number rose from 
less than 1% for the 1st ITYN to nearly 6% for the 3rd ITYiN. Certain strains 
are becoming more widely adapted, as ·evidenced by the comparatively large 
number of locations in which they showed a high yield performance while in 
other cases adaptation was narrow and, in still others, they failed to he 
recorded in the top group at any location. Basccl on these observations, it is 
possible to recombine the lines showing wide adaptability to further increaN": 
adaptation of this crop. 
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RESUME 

L'AMELIORATION DES TRITICALES ET LA RECHERCHE AU 
CIMMYT: UN RAPPORT DE PROGRES 

me, riz et mais ont ete des productions de base de l'homme durant des 
siecles. M-aintenant, une nouvelle decouverte de l'homme pent are ajoutee a 
rette 1iste de production de grains. 

Triticale ... une nouvelle cereale cree par croisement entre ble et seigle~ 
ofraat la promesse de hauts rendements, hautement riche en proteines ~t des 
proteines de haute qualite. Mais la triticale a cree une controverse dans des 
annees recentes par dessus les possibilites de cette culture miracle pour on ·monde 
qui a faiin. Son defaut de vivre selon quelque promotion a cause one deception 
considerable parmi producteurs et compagnies comrnerciales. 

Etant donne que la premiere triticale fertile etait reconsideret. en 1888, 
cette culture a souffert de nomhreux problemes majeures. La triticale souffrait 
principalement du faible rendement, de Ia qualite inconsistante, des gelees 
hi~ales, de la sterilite, des maladies, du manque d"etahlissement de marches,. 
du manque de finance justifiee et d'autres facteurs. 

On s'attendait a une nouvelle culture telle que la triticale. Le ble, par 
exemple evolua durant des milliers d'annees en <:Ompetition naturdle. et durant 
des sied'es sous culture et selection par des fermiers. 

Mais considerant a recente proportion pour laquelle plusieun; prohlemt>S 
majeurs bloquant una large distribution de la production commercialt" de tritic.ale 
ont ete solutionnes, le principal. role des triticales comme une cereale a grain 
mejeure apparait maintenant plus clair qu'il ne l'etait iI y a dnq am: ~ement. 
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AMELIORATION DES CARACTERISTIQUES 
AGRONOMIQUES 

Le programme des triticales au CIMMYT a ete organise en decembre 
1964 comme un large programme d'amelioration des triticale entre le "Plant 
Science Department" de L'Universite de Manitoba (Canada) et le CIMMYT. 
La Fondation Rockefeller pourvut une aide financiere et en 1968 la Fondation 
Ford en procura devantage. En juillet 1971 le Gouvernement du Canada entreprit 
des fonds pour un large programme de developpement des triticales en coopera
tion avec l'Universite de Manitoba. 

Amelioration du rendement 

Le developpement en 1968, d'une lignee de triticale hexaploide (2N = 

6 x = 42) hautement fertile appelee Armadillo, produisit un grand avantage 
dans l'amelioration des triticales. Des selections a partir du cross X 308 (a 
partir duquel Armadillo a ete ohtenue) possedaient une combinaison de 
caracteristiques uniques dans les triticaJes. Ceci engloba une haute fortilite, 
un meilleure test du poids, une amelioration du rendement, l'insensibilite a 
la longueur du jour, la precocite, un gene pour le nanisme et de bonnes qualite>< 
nutritives. Les seloections a partir d' Armadillo, donnerent 50% a 60% plus 
que Ies especes anterieures. 

Mais plusieurs important prohlemes demeurent. La verse (la plante tombe 
par terre) et un pauvre developpement de J'endosperm en etaient les plus 
serieux. Les autres problemes etaient Ies maladies, Ies grains qui tombent avant 
la recolte, germination des grains avant la recolte, faible tallage, faihle adapta· 
tion et deficinces dans es quaJites nutritives. 

Un programme de croisement intensif debuta en 1968 visant l'amelioration 
de la lignee Armadillo en reduisant ses defauts. Des croisements etaient faits 
entre: (a) Armadillo et d'autres tI'iticales hexaploides, (b) les lignees Armadillo 
et des triticales octoploi,des, et ( c) les lignees Armad:Ilo et les hies nains mexi
cains. 

Des pepinieres sont cultivees en irrigue pendant l'hiV>er clans l'Etat de 
Sonora au nordouest du Mexique a 40 metres d'altitude. Les pepinieres d'ete 
sont cultivees en sec a Toluca (2,600 metres d'altitude) et a EI Batan (2,249 
metres d'altitude) au centre du Mexique. 

Les triticales ont atteint le haut rendement, temoin du hie, plus rapide
ment de plus pres dans !es pepinieres de TQlluca et d'EI Batan qu'a Sonora. 
Probalilement, ii a ete plus facile de vaincre les maladies limitant la pI'oduction 
dans les pepinieres se trouvant en haute altitude que de vaincre la verse, qui 
est la plus grande barriere aux hauls rendements dans la pepiniere de Sonora. 
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Dans la pepiniere d'Ete en 1972 a Toluca et a El Batan, plusieurs dt>s 
nouveiles lignees produisirent plus que le temoin Armadillo 105 aussi hien 
que la meilleure variete de hie. 

Le rendernent des cinq triticales "Plafond" diminua avec !'augmentation 
de la fertilisation azotee a Toluca de 4,906 a 4,842 kg/ha, puisque le hie 
lendre, lnia 66, augmenta de 4,757 a 5,212 kg/ha. Ceci laisse supposser que 
meme Jes meilleures lignees des nouvelles triticales n'ont pas une resistance 
suffisante a la verse pour entrer en competition avec Jes bles tendres sans de 
hautes doses d' Azote. 

Une de nouveUes lignees la plus prometteusse (Cinnamon) a ete selection
nee a partir d'un croisement entre une triticale octoploide (8x) primaire (Inia 
x Guarda seigle)2 et Armadillo. Cinnamon a peu pres egal en fertilite a 
Armadillo 105, a un facteur additionnel pour la nanisme, et il est plus resistant 
a la verse. Le taux de proteine contenue dans Cinnamon est plutot bas ( 13.2%) 
ceci est probahlement du a !'introduction de plus de germoplasme de hie 
tendre a partir d'lnia. 

Verse 

La verse est le facteur limitant du rendement des triticales. Deux approches 
d'amelioration de la resistance a la verse d'Armadillo en 1969, etaient: (a) 
croi'sement UM 940 et Beaver, pour augmenter la rigidite des tiges et (b) 
!'incorporation de genes nains a partir de hies tendres nains et de hies durs 
nains et a partir de seigles nains. 

Des selections de tiges rigides non-fertiles etaient ohtenues a partir de 
UM 940. Le prohleme de la sterilite ne se rencontrait pas dans le croisement 
Beaver-ArmadiHo. Cependant, le parent Beaver etait ?lus haut et plus tardif 
qu'on ne le desirait. Les lignees de ce croisement entrent maintenant dans les 
essais de rendement. L'amelioration de la resistance a la verse viendra ap
paremment en petits accroissements que par introduction additionnelle dr 

genes nains. 

Les series lnia 66, Tobari 66, Ciilidad et Bluebird etaient parmis les plus 
compatibles parents de ble pour le transfert du nanisme chez les triticales. Le 
nanisme chez le seigle vient d'une simple plante dans une population de 
pollinasation libre du seigle Gator obtenu par le docteur Darrell Morrey de 
Tifton, Georgia, USA. Les progeniteurs nains de cette plante wnt appelOO,. 

Snoopy. 

Les triticaf.es issues croisements entre les bles nains ou les seigles nains 
et Armadillo resistent mieux a la verse, mains entrainent aussi d'autres pro
blemes. Les parents nains de ble et de seigle augmentent la sterilite, causent 
une maturite tardive et augmentent la susceptihilite aux maladie~. 
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De nouvelles selections naines issues des croisements de hie et d' Armadillo 
etaient mises davantage a I'essai de rendement pour la premiere fois dans le 
cycle 1971-73. Tandis que la fertilite et la resistance aux maladies s'ameliorent 
avec la selection continue, un second point majeur dans la capacite de produire 
resulterait de !'augmentation de la resistanoe a la verse des lignees naines. 

qualites du grain 

Un prohleme majeur est le developpement anormal de l'endosperme, qui 
cree un grain ride, centre profond creux et un faihle test du poids. La selection 
visuelle pour ameliorer la qualite du grain n'a pas et encourageante. Sous 
dt;s conditions favorables, plusieurs lignees les plus fertiles produisent des 
grains relativement roods. Sous des conditions moms favorables il en resnlte 
des grains de qualit etres pauvre. 

Un programme de mutation induisante pour ameliorer le type de grain 
a ete mis en route par le Dr. A. Gustafsson a l'Universite de Lund. Suede. La 
recherche d'un meilleur type de grain a ete faite un CIMMYT aux 2 eme, ·et 
3 eme. generations apres adaptation. 

Une table a gravite pour la categoric de grains a ete recement obtenue 
et ceci p-0urrait foumir une capacite de selection plus positive pour des grains 
plus gros et plus denses. La recherche d'un meilleur type de grain doit etre 
faite sur des populations massives du materiel de generation preooce et de 
grains dP generation avancee, preparees pour augmenter le nombre de parcelles. 

L'Extension des bases genetiques 

Quelques plantes forment la base du programme de triticales du CIMMYT. 
La lignee Armadillo, a partir de laquelle 12 selections soeurs ont ete ohtenues, 
etait la plus fertile et le parent le plus utilise dans les croisements. Beaver et 
Badger ont ete aussi frequement utilisees dans . le programme de croisement. 

Pour sortir de cette tendance a base genetique, la diversite a ete introduite 
par: (a) croisement des triticales avec des hies durs, des hies tend res et des 
seigles, ( b) creation de nouvelles triticales. 

A cause de la faible viabilite, la sterilite et la pauvrete du grain, le gain 
en nouveau germoplasrne est bas quand on croise d-es triticales avec des especes 
parent£s. Dr nouvelles triticales octoploides ont ete produites regulierement, 
mais puisque: la productivite est faihle, elles ont ete premierement utilisees 
Jans lrs croisements des tritic.ales hexaploides. Pour produire de nouvelles 
triticales hexaploides l'embryoculture doit etre utilisee. Seulement certaines 
combinaisons varietales de hie et de seigle peuvent former naissance a un em
hryon apres polinisation. 
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Pour venir a bout de ces prohlemes, Dr. A. Campos est en train de de
vdopper des teclmiques pour faciliter la production de nouvelles triticales 
primaires et Dr. Kohli est en train de developper des methodes d'introduction 
d'une diversite par un grand nomhre de croisement, et aussi d'introduire de 
nouveaux genes a partir de triticales d'hiver . 

Triticale8 d'hiver 

On a hesoin de triticales d'hiver quand ii y a un danger de gele en debut 
de croissance. Elles peuvent etre aussi utilisees pour introduire de nouvelles 
llOUrces de diversite genetique a partir des seigles et des hies d'hiver. 

Dr. A. Kiss, d'Hongrie, produisit plusieurs lignees suffisamment resistantes 
aux hivers rigoureux pour produire des grains au sud des U.S.A. durant l'hiver. 
Elles ont aussi donne satisfaction pour l'elevage et la production de fourage 
durant les hivers oii les basses temperatures n'affectement pas severement la 
croissance. 

La recherche clans le domaine des triticales d'hiver est maintenant faite 
dans plusieurs regions des USA, en Angleterre et clans le Continent Europe.en. 

Puisque le seigle a donne la meiUeure source de resistance aux hivers 
rigoureux, on est en train d'assemhler et de faire croitre des collections de 
seigle a la station de Toluca. 

MALADIES DES TRITICALES 

La triticale est une nouvelle culture au Mexique, la oii la plante est cultivee 
lcs symptomes de maladie peuvent etre observes. Apparemment, l·es agents 
des maladies se sont developpes et continuent a survivre sur d'autres cereales 
et plantes rotes. Apparemment au Mexique, quelques maladies trouvent clans 
Jes triticales au hote plus approprie que dans les autres especes dans lesquelles 
elles se reproduisent normalement. L'infection, par les agents des maladies qui 
provoquent le "Barley yellow-dwarf" (BY:D virus), "hacteriose" (Pseu.dorrwnas 
striifaciens) ", "leaf blight" (Fu.sarium nival,e) et la rouille brune ( Puccinia 
recondiw}, est plus severe sur les triticales que sur le ble OU le Seigle. D'autres 
organismes provoquant des maladies trouvent generaiement clans les triticales 
un hote moins approprie. Parmis ceux-la on trouve la rouille noire (Puccinia 
graminis), la rouille jaune ( P. striiformis), Septoriose ( Septoria tritici), gale 
( Giberella zeae), charbon couvert ( Tilletia foetida) et charbon au ( U stilago 
tritici). Cette situation peut changer des que la culture passe au stade com
mercial. Le,. ~eneticiens doivent controler partout le developpement des maladies. 
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L'Ergot 

L'ergot cause par Cl.aviceps purpurea, est la maladie la plus importante 
de; triticales a cause des substances toxiques qu'il produit. Les cheroheurs 
de l'Universite de Manitoba, ont teste la resistance des hies tendres ( varietes 

· ~tanitou et Kenya Fanner) et des hies durs ( varietes Stewart 63 et Carleton) 
a l'ergot. Kenya Farmer emit clai:rement plus resistante aux champignons que 
la variete Manitou, et Carleton etait plus resistante a Stewart 63. Kenya 
Farmer et Carleton ont ete recommandees comme parents pour transmettre la 
resistanc.e a l'ergot dans les triticales. 

Roaille noitt. ( Puccinia graminis) 

Pour caracteriser Puccini.a gramini.s sur les triticales, les spores ont ere 
collecres a partir des triticales, hies et seigles. Ces spores etaient inocules 
~parement sur Jes jeunes plantes de ces hotes. 

Onze des dix-neuf isolees a partir des triticales ont produit des reactions 
susceptibles sur quelques lignees des triticales et quelques varietes de hie et de 
seigle. Les huit autres ont produit des reactions de resistance sur le seigle et 
Jes triticales, tandis que sur le hle les reactions varietales etaient a la fuis 
resistantes et suscepti1bfos. 

Le comportement des 3 races de Puccinia graminis sur les triticales, le 
hie et le seigle etaient simiJaires au comportement des races isolees a partir 
des triticales. Au contraire, les races isolees a partir du seigle ont cliff.ere 
tlans le type de virulence a partir des races de Puccini.a graminis tritici et 
l'uccinia grarninis isolees a partir des triticales sur 1es 3 hotes. Neuf des 10 
races isolees du seigle ne montrent pas de susceptibilite sur le ble et la triticale. 
mais seulement sur le seigle. Seulement une race isolee a partir du seigle, s'est 
eomportee comme Puccini.a grarninis secalis quand elle a ete inoculee au seigle, 
mais s'est comportee comme P. graminis tritici quand elle a ete inoculee au hle, 
t'l a produit des reactions sur les triticales. C'est dire P. graminis tritici cause 
la rouille noire des triticales plutot que P. graminis secalis, Cependant, ii pe.ut 
et avoir des formes derivCt's de P. graminis et P. graminis secali3 qui peuvent 
attaquer les triticales. 

Rouille brune. ( Puccinia recondita) 

Dr. M. Quinones trouva que la resistance a la rouille brune clans les 
populations segregantes des triticales avait pour origine un simple gene do
minant porte par ohacune des triti.cales employees, et que les genes controlant 
la resistance a la rouille brunt" vit>nllf'DI du parent ble. La. rCsi..«tane,e port~o 
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par le parent seigle n'etait pas exprimee dans les triticales. Quinones attribua 
lt'S symptomes de la rouille brune dans Jes triticales a Puccinia recondita tritici. 

Le travail du Dr. S. Rajaram confirme cette conclusion. Des 125 triticales. 
quil a inocule avec P. recondita, 33 etaient resistantes a tous les stades de la 
plante, 56 en etaient susceptibles ,et 19 lignees de triticales ont produit des 
reactions susceptibles durant le stade jeune plante sous serre et des reactions 
dt" resistance au stade adulte dans les 2 eas: sous serre et dans le champs. 

La susceptihilite au stade jeune plante et la resistance au stade plante 
adulte montrent la resistance generale. Ceci offre de nouvelles possihilites 
pour un type stable contre la rouiJle hrune dans les triticales. 

Septoriose 

Septoria tritici appariit i la pepiniere d'ete du CIMMYT au Patzicuaro, Etat 
de Michoacan ( Mexique). Les lesions ressemhlent a celle de Septoria dans les 
hies te11idres. Cependant, le taux d'apparation de "pyaiidia" snr les triticales 
etait tout a fait faihle. 

T.andis que les triticales peuvent etre resista.ntes sous le climat mexicain, 
personne ne sail si cette resistance serait maintenue dans d'autres regions 
<-onnues en Afrique du Noni et le Moyen Orient. Dans ces regions Jes hles 
durs et tendres (les deux au second plan des triticales) sont severement 
attaques par la Septoria. differemment du pont de one virulence que ceHe de 
Mexiqut". 

Pusariose 

La fusariose sur triticales causee par Fusarium nimle fut decouverte dans 
la valliit" dP Toluca (Mexique) en 1971. Cetait la premiere fois qu'on decoone 
Fusarium nivak dans Jes latitudes Sud. Crtte maladie n'a pas ete da:ouverte 
a Sonora, Mexique. 

Les lesions prec.oces ont d~ surfaces irregulieres vert-blanchatre. Les 
surface. .. attaquiit"s deviennent vert-clair et augmentent de volume. ~etaknt 
tout le long des feuilles t>t finalMDent s'allong11nt tout lt" long du limbe. La 
surface foliain- s'ohsrurril t'il hrun ou en gris, pa~ cfec:rous verditres. 

Sous faihlf' grossissemenl ( 10 fois), Jes corps fructifies apparaissent 
t·omme un alignemt"nt de mini~k>;. points paralleks a.ux nervures. Ils sont 
Manes. jaune.- OU l'O::'itres. Au fur et a mt'SUre qne la puti<e nicrotique s'etend," 
1111 autre ohampignon emrahie les tissus morts en rt>ndmrt piu. .. obscurs les "YmplO· 
mes normaux prodnits par n> rhampigmm. 
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Il apparait que F. nivale est natif de la vallee de Toluca t't probahlemcnt 
vient d'autres regions du Mexique de meme climat. 

Autres maladies 

Le mildieu fiit trouve clans des varietes commerciales de triticales dans 
le Sud Ouest d' Ariwna, U.S.A. Bien que largement repandu clans le champs, 
ii. n'a cause que des degats mineurs sur les planres. Les symptomes etaient 
typiques de la maladie. 

La bacteriOSt' due a Xantlwnwnas transluc.ens a ete observee depuis 1968 
au Mexique sur les triticales, Jes bles durs et le seigle. Elle provoque des 
bancles sur les feuilles avec un exudat sous des conditions hum.ides. La maladie 
a severement endommage es experimentations d'hiver et d'ete a Sonora et a 
El Batan. Quelques lignees soeurs d' Armadillo et quelque materiel plantes 
tOt ont ete affectes devantage clans le test de poids et de rendement. Les 
t;en~ypes ont ete conserves pour incorporer des genes de resistance, cependant 
la ~aladie a disparu graduellement apres 1970 et seulement quelques traces 
ont ete trouves en 1972 clans '1e:s experimentations dete. Une grande infection 
bacterienne s'est produite dans les experimentations de Sonora durant l'annee 
1972-7'.t La fusariose causee par Fusarium spp a ete aussi rencontree dans.les 
triticales. 

UTILISATION ET QUALITE NUTRITIVE 

Amelioration de la qualite nutritive 

Le CIMMYT ne recherche pas seulement des materiels avec des caracteres 
agronomique."' dominants et grande production de grains mais ii essait> aussi 
d'ameliorer la qualite nutritive des grains des ceaeales pour la consommation 
humaine. 

Les cereal~ sont plus faibles en vaieur nutritive que les proteines animales. 
Cette faible valeur nutritive resulte du faible taux des acides amines e>;sentiels. 
composants des proteines. L'acide amine plus limitant des proteinas des cerealf'S 
est gennallement la lysine. 

Dans 2381 lignees de triticales etudiees en 1972, le taux de proteine etait 
compris entre 10.9% a 19.l % avec une moyenne de 13.4~. La lysint' des 
proteines avait un taux de 2.6<fr a 3.9'fc avec une moyrnne de 3.4<;-f. 

Les analyses chimiques onl montre que J.e contenu dt> resorcinol lsubstanct> 
toxique trouvee dans It> seiglt>) dans les tritieales eompare aux especes pa-
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rentales, hie t>t seigle, est intermediaire ou plu-; ferme ii celle qui est presente 
dans le hie. Cette presence dans les triticals n'a pas montre des effets contraires 
dans les evaluations nutritives. 

La contamination de l'ergot complique la determination de la valeur 
nutri.tive des triticales dans certaines zones temperees du monde. Cependant, 
rergot n'existe pas au Mexique OU dans beaucoup de pays de plus hru;..,es 
latitudes. Les rapports d'efficacite des proteines (PER) ohtenus sur une souris 
des champs ("vole") au CIMMYT soot similaires (2.4 ii 3.2) aux valeurs de 
caseine ( une grande qualite laitiere de proreine) . Mais les valeurs du PER 
obtenues ii partir du "vole" ne son.t pas toujours en correlation directe avec 
la valeur du PER ohtenu sur d'autres animaux, comme cela a ete montre 
dans une elude cooperative de !'evaluation boilogique du mais, triticale, hie et 
sorgho, ii l'aide des experiences utilisant rats, "voles", poules et souris ii dif
ferentes institutions. La ration alimentaire ii base de mais etait plus hasse que 
celle de la caseine ou des triticales, qui sont apparamment hien acceptees par 
le "vole". Au contraire Jes donnees ooncemant les rats pourraient etre ii la 
population heterogene de ces rats. La variation est plus grande qu'entre des 
lignees sreurs indivi,duelles. Des etudes plus pousees seront faites avec le "vole" 
pour determiner si c'est Un animal approprie pour evaluer }a qualite nutritive 
des cereales. Meme si Jes essais chimiques et la nourriture ( utilisant plusieurs 
test sur animaux et humains) indiquent que les proteines des triticales ont une 

'valeur nutritive un peu plus grande que les proteines du hie; un taux de 
lysine plus grand dans les triticales doit etre atteint parce que la lysine est 
t'DCOfe racide amine essentie) Jimitant. 

Autre emplois des triticales 

Les triticales peuvent etre utilisees en plusieurs produits pour la consom 
mation humaine, comprenant chapatis, tortillas, pain, maltes, productions de 
pattes, petit dejeuner de cereale (flocons, bouillons, produits dechiquetes) 
pain de farine sucre, et dans les brasseries et distilleries. 

Les etudes recentes montrent qu'il est possible de produire du pain de 
quali.te acceptable avec 100% de farine de triticale. Les rendements en farint> 
de 4 lignees de triticales selectionnees de materiel de generations avan· 
eees cultivees sous des zones irrignees, soot de 51.7% ii 59% compares avec 
83.7% pour le temoin ble. Ce faible rendement en farine des lignees de 
I riticales resultait de leur faible test de poids. Comme le test de poids des 
triticales s'ameliore, }e$ rendements en farine s'amelioreront. 
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ACTIONS INTERNATIONALES 

Pepinieres internationales 

Le premier group uniforme des triticales distribue par le CIMMYT au 
niveau international en 1959 comprenait 16 rangees selectionnees a partir de 
lignees prometteuses clans les tests de rendement avances. En 1971 le nomhre 
des lignees s'est accru a 25. 

A cause de )'exigence des pepinieres de rendement tt de !'augmentation 
des Hgnees d'observation, une seconde serie de pfpinieres internationales (In
ternational Triticale Screening Nursery) avait debute en 1970. Cette pepiniere 
contient le materiel le plus prometteur des tests de rendemento;; preliminail'ff'. 
Les opportunites de selection clans lesquelles des lignees existent, sont dues a 
quelques heterozy;goties encore presentes. 

Eu 1972, d~ux pepinieres furent preparees. Les Hgnees les plus courtes 
et les p~us resistantes a la verse ont ete selectionnees des zones irriguees. Les 
pepinieres pour des zones en sec comprenaient des lignees plus hautes awe 
de hons caracteres agronomiques. 

La demande de populations segregantes du materiel de generation preoooe 
augmente chaque anne, de cette maniere des populations massales segregantf':tl 
seront fournis. 

Les programmes de cooperation 

Les programmes de cooperation encouragent les chercheurs a travaiHer 
ensemble pour ameliorer les triticales, a procurer des grains et des techniqu!'.11' 
pour la mise en place effective de programmes nationnaux, a evaluer la con
venance des triticales pour la production commercia:le, et a utiliser des milieux 
varies pour elargir l'adaptation des triticaJes. 

Le programme de cooperation travaille aux different<; nivt"aux. Le plus 
common est l'echangt' de materiel et d'information sur la base de personm" 
a personne. 

Un accord plus formal existt> entre le CIMMYT et plusieurs institution.."'; 
avec le CIMM'YT OU d'autres agences procurant. une assistance financiere OU 

ttthniqut". Cette assistanct> du CIMMYT consiste en l'assignation de personnel 
aux pays specifiques et des visites de son personnt'L Le service des stagiaim; 
au CIMMYT est Ullt' autre forme d'assistance. 

Recemment, le Centre de Recherche pour le Developpement International 
(JORC) du Canada procura des fonds pour les pays en voie dt> developpe-
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ment a fin de mettre sur pied des programmes de triticales. Le pays procure 
les facilites et le personnel, IDRC procure !'assistance financiere et le 
CIMMYT procure le materiel genetique, la conduite du programme et la 
formation du personnel. 

Large adaptation 

Trouver une solution a tous les prohlemes des triticales et l'incorporer 
au sein du programme genetique resulte dans des bases genetiques tres 
etroites. Cette base etroite produit une culture avec une tres faiblt' adaptation. 

Avec plusieurs des premiers problemes solutionnes ou presque, !'integra
tion ·de nouveaux germoplasmes, est en train d'augmenter le ::iott>ntid d'adap
tation de nouvelles li[:>'Tiees des triticales. 

Les resultats de la troisieme pepiniere internationale du rendement des 
triticales indiquent que plusieurs lignees de triticales sont adaptees a de larges 
conditions. Parmi ces lignees on a: Ann PM 112, Arm 104, Arm l05, Ann 
107, Badger 118, Badger 122 et Badger 123. 

Les resultats venant du test international ent d'avoir des Iignees oom
hinees montrant une large adaptahilite pour augmenter par la suite l'adapta
tion de cette culture. 
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