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Directors' Introduction
 
3yrd C. Curtis and Arthur Klatt 

In ace( -dance with it't rcearc'h 
mand~te. CIMMYT devotes its 
resources to developing improved 
germplasm and making this 
material available throughout the 
world, primarily to crop 
improvement programs in 
developing countries. The fulfillment 
of this mandate makes it imperative 
that CIMMYT breeders concentrate 
not only on germplasm for more 
favored environments, where 
substantial yield improvements can 
and must be obtained, but also on 
materials for more marginal 
production areas, where drought, 
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high incidence of diseases, acid 
soils, and extremes of heat or cold 
reduce yields. In these areas, where 
over one and a half billion people 
live, demand for wheat is rising 
rapidly while its production is 
hindered by numierOLS constraints, 
This situation is particUlarly acute 
in tropical countries, where about 
85% of the wheat consumed in 1983 
was imported. 

Until production constraints arc at 
least partially removed, it will be 
difficult to grow wheat with a great 
degree of success in these 

... ,-,headquarters, 

environments. CIMMYT is 
responding to this diffic, lty in two 
ways. First, the Center is using 
conventional breeding procedures to 
develop improved germplasm suited 
to less favorable production 
environments. Another approach 
likely to contribute to the resolution 
of production problems i's research 
aimed at crossing wheap with related 
crops anLd wild sprccic,i to obtain 
germplasm with characteristics 
desirable for marginal areas. 

Much of this breeding work is done 
at three locations in Mexico. 

Summer nurseries art grown from 
May through October at two high
elevation sites: El Batan (CIMMYT 

40 km northeast of 
Mxico City) and Toluca (also in 
central Mexico). During the winter 
cycle, from November to April, 
nurseries arte planted at the Yaqui 
Valley Agricultural Experiment 
station, a low-elevation site .n the 
northwest. Still other sites in Mexico 
are used to screen germplasm for 
resistance and tolerance to specific 
diseases and stresses. 

The research done within Mexico is 
reinforced and complemented by 
CIMMYT's regional and bilateral 
pr(,grams. The Center's outreach 
staff play an increasingly vital role 
in devL!,, ing and disseminating 
CIMMYT*s research products. 

31Working with personnel from 
national crop improvement 
programs. outreach staff' help 
identify regional or national needs, 
expedite the exchange of 
germplasn, larticipate in an 
advisory capacity in1 crop 
improvement research, and assist 
with the training of technical 
personnel from national programs. 

Teexchange of information among 
national program scientists and 
CIMMYT staff in Mexico and abroad 
is crucial for the rapid development 
of widely adapted, improved wheats 
suited to a range of environm'nls. 

The development of' such materials
is not the final step in crop 

inlprovemen t: the process is only .	 complete when national program 
scientists have selected and refined 

Dr. Byrd Curtis, Director of the Wheat Program. 



germplasm to suit specific local favorable growing conditions helped
needs, and have successfully raise production by 24 MT over 
extended new varieties to producers. 1983. Several Western European 

countries greatly augmented their 
The World Wheat Situation wheat production by obtaining
World wheat production in 1984 higher yields, 
reached about 520 million metric 
tons (MT), exceeding the previous in North America, increases were 
year's record. Among developed limited by several factors, including 
nations, the countries of Western agricultural land set-aside programs
and Eastern Europe experienced the in the USA, drought in the Canadian 
greatest increases; extremely prairies, and reductions in the 

amount of land planted to winter 

' ! "!Uruguay 

: 

' , .average..
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Dr. ArthurKlatt, Associate Director of the Wheat Program. 
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wheat in the USA. Nevertheless, 
total wheat production has been 
stable over the past few years. 

Among developing nations, wheat 
production has repeatedly reached 
record levels, growing by almost 80 
MT during the past decade. 
Exceptional yield increases realized 
by the major Asian wheat-growing 
nations have contributed greatly to 
achieving those higher levels of 
production. During the past four 
years, China improved production
by more than 30 MT, to become the 
leading wheat-producing country in 
the world. India and Bangladesh 
have also experienced steady gains. 

Unfortunately, the gains achieved by 
Asia's developing nations did not 
occur in the rest of the Third World. 
In East Africa. persistent drought 
continued to destroy wheat crops; 
Kenya's harvest was less than half 
the size of previous years' crops, 
and Ethiopian wheat production was 
reduced by 25% to 700.000 t. 
Production in the Middle East and 
North Africa has risen little in the 
past few years. However, Saudi 
Arabia harvested over 1.3 MT of 
wheat in 1984, compared with less 
than 200,000 t three years before. 

As in the Middle East, wheat 
production in Latin America was 
largely unchanged. Production 
remained static in Argentina and the 
Andean region, and Brazil's harvest 
was nearly 1 MT lower than 1979's 
record level. In 1984, Chile and 

were two exceptions to thissituation; total production in Chile 

rose considerably, to nearly 1 MT, 
and Ir niuay's harvest was above 

In the near future, world wheat 
supplies should continue to rise, 
given favorable weather conditions 
and relatively stable prices 'or 
inputs. It is clear that several 
countries, including the USSR, have 
the potential to attain sizeable 
production increases by obtaining 
higher yields. 

CIMMYT Crop Programs 
Bread Wheat-ln the last five 
International Spring Wheat Yield 



Nurseries (ISWYN), a Veery selection 
was the best yielding variety across 
all locations. Along with breeding for 
higher yields and broad adaptation,
breeding for better disease 
resistance, especially to leaf, stem,
and stripe rusts, is a continuing 
priority of the bread wheat program. 
Recently, more attention has been 
given to overcoming susceptibility to 
Fusarihriand Hclninthosporiuni 
spp., pathogens that reduce yields in 
regions where wheat has not been 
widely grown before. 

Durum wheat-In 1984, the durim 
wheat program continued to pursue
its objective of improving disease 
resistance in durum materials, and 
has successfully developed lines 
with high levels of stripe rust 
resistance. Good sources of genetic

resistance to stem rust, Septoria 

spp., and scab are being fully

exploited in the crossing program. 

The increasing export potential of 

large-grained durum wheats with 

high test weights and acceptable 

protein and pigment content has led 
the breeding program to develop
lines with satisfactory milling and 
quality characteristics as well as 
high yield potential. Materials with 
better tolerance to cold and drought 
are also being produced, 

Triticale--Triticales with improved

sprouting resistance, tolerance to 

drought and acid soils, and earliness 

- characters that are all important

factors in the improvement process 

- were selected in 1984. Priority 

was given to introducing greater 
genetic variability into the 
germplasm base through the 
creation of new primary triticales 
(wheat x rye crosses). The program
has identified a number of lines 
possessing more stable and
acceptable test weights, which 
should eventually make it possible 
to obtain better quality grain in less 
favorable environments. 

CIMMYT/ICARDA 
Cooperative Research 
In 1984, a new division of 
responsibilities for wheat and barley
research was effected by CIMMYT 
and ICARDA. Under the terms of 

this agreement, the global mandate 
for bread and durum wheat and 
triticale improvement remains with 
CIMMYT, and ICARDA possesses the 
global mandate for barley 
improvement. Associated changes In 
research priorities and staff 
assignments have accompanied this 
new arrangement. Two CIMMYT 
wheat scientists were sent to 
conduct research on bread and 
durum wheats at ICARDA's 
headquarters in Aleppo, Syria, and 
an ICARDA barley breeder was 
posted to CIMMYT headquarters todevelop barley germplasm adapted 
to the production environments of 
the western hemisphere. 

New Programs 

Seed Health Unit-A seed health 

unit was established in 1984 to 

serve all of CIMMYT's germplasni 

development programs and provide 
more effective coordination of seed 
health work. The unit is responsible 
for performing standard tests for 
seed-borne pathogens in germplasm
intended for international 

distribution. The unit's other 

activities include developing 

improved methods of testing for 

seed-borne pathogens, evaluating 

the efficacy of chemical seed 

treatments, and determining 

improved procedures for treating

seed. This work is doae in close 

collaboration with Sanidad Vegetal,

the Mexican plant protection and 

quarantine organization. 


BYDV project-In late 1984,
CIMMYT initiated a research project,
funded by the government of Italy, 
to reduce losses from barley yellow 
dwarf virus (BYDV) in wheat. This 
disease is both widespread and 
significant in areas where wheat is 
grown, and has been recognized
only recently as a serious constraint 
to wheat production. The general
objective of the project is to create 
an international network of 
collaborators familiar with BYDV 
and to promote the exchange of 
information and BYDV-resistant 
germplasm among national research 
institutions, 

Staff changes-Dr. George
Varughese, senior staff member of 
the North Africa and Iberian 

Peninsula regional program, was 
recalled to headquarters in Mexico, 
where he took charge of the triticale 
program. The triticale program also 
profitted from the arrival of Dr. E.E. 
Saari, who came to headquarters
from Thailand to assume special
responsibility for triticale pathology. 
in addition to performing more 
general pathology research. The 
international BYDV project was 
initiated under the leadership of Dr. 
P. Burnett, formerly a pathologist in 
the barley program. 

Three scientists left Mexico to take 
up positions in regional or bilateral 
programs. Dr. P. Fox, a 
breeder/pathologist, was posted to 
Ecuador, in the Andean region. Dr. 
C. Mann moved to Thailand to work 
on developing tropical wheat in 
South and Southeast Asia, and Dr. 
Bent Skovmand joined the bilateral 
program in Turkey as a breeder of 
winter wheat. 

CIMMYT/INIA Cooperation 
Much of the research reported in 
this publication could not have been 
achieved without the cooperation of 
thousands of scientists and technical 
personnel throughout the world. 
One particular cooperative effort 
that has yielded impressive results 
over the years is the joint work of 
CIMMYT and INIA, the Mexican 
National Institute of Agricultural
Research. Land as well as logistical 
support have been provided to 
CIMMYT by INIA at various national 
experiment stations, including the 
Northwestern Agricultural Research 
Center's (CIANO's) Yaqui Valley
Agricultural Experiment Station 
near Ciudad Obregon, Sonora. This 
support, along with the 
contributions of INIA's scientific 
staff, has been especially important
for the Center's wheat improvement 
work. CIMMYT also wishes to 
express its appreciation to the 
Patronato, the farmers' organization 
of Sonora, which provides
considerable funding for CIMMYT's 
winter nurseries. These 
organizations have been 
instrumental in helping to meet 
more than local or national needs: 
the benefits of their work are 
appreciated internationally. 

3 



Bread Wheat 
S. Rajaram, W. Nelson, R. Villareal, and R. Singh 

Introduction 
The bread wheat breeding prograin 
strives to maintain broadly based 
genetic variability in its germplasm. 
Such variability is promoted by the 
frequent introduction of parents of 
wide geographic origin and 
extensive genetic diversity in disease 
resistance, agronomic characters. 
ard yield components. The 
program's eventual goal is to 
stabilize yield by reducing genetic 
vulnerability to pests, mutable 
pathogens, and environmental 
stresses. This objectiv'e is being 
attained through the judicious use of 
disease resistance and stress 
tolerance genes, and by multi-
locational testing. 

Although breeding for resistance to 
rusts. septoria leaf blotch, scab. and 
Helminthosporiuinsativuni is a 
significant objective of the program. 
the crucial balance between disease 
resistance and other characteristics 
such as high yield, wide adaptation, 
and stability has not been lost. 
Indeed, the program has given 
increased emphasis to maintaining 

this balance by further identifying 
and incorporating materials tolerant 
to drought. hca' and aluminum 
toxic soils. 

The yield potentilal of bread wheats 
sleadily increased from 7000 kg/ha 
in the early 1970s to 8000 kg/ha in 
liec early 1980s. The greater yield 
potential of CIMMYT bread wv'heats 
has clearly made an impact on 
average wheat yields in Sonora, 
Mexico: yields rose front 4000 kg//ha 
in the early 1970s to 5000 kg/li 
tcn yeatrs later. Through shuttle 
breeding. nultienvironniental test-
ing, further refinement of selcetion 
criteria, and careful manipulation of 
genetic variability, genetic yield 
potential should rise to 900) kg/ha
in the near future in this 
environment. 

Breeding for High 
Yield Potential and Wide 
Adaptation 
The two principal locations, both in 
Mexico, used in selecting gerniplasm 
and advancing segregating 
generations are the YaCjui Valley 

-,.,.:.
~ 

- 1degrees: 

Agricultural Experiment Station at 
the Northwestern Agricultural 
Research Center (CIANO) (39 n 
elevation, 270N latitude) near 
Ciudad Obregon, Sonora, and the 
Toluca Experiment Station (2640 m 
elevation, 19'N latitude). The 
CLANO and Toluca stations differ 
greatly in rainfall. temperature, day 
length, soil type. and disease 
sl)cct 'llill: formier is ithigh-yieldtei 

cn\'ironment, whereas potential
 
yields are lower inl the latter
 
local ion. 

Aside from these sites, CIMMYT's 
bread wheat program employs other 
locations within Mexico that offer 
different opportunities to select for 
specific characters: the El Batan 
Experiment Station (Mexico) 
(2249 m elevation, 19'N latitude); 
the Tarascan Mountains Agricultural 
Experiment Station (Patzcuaro) 
(2180 m elevation, 18ON latitude); 
Tepatitlan (Jalisco) (1700 m 
elevation, 20°N latitude); Tlaltizapan 
(Morelos) (940 n,elevation, 181N 
latitude); the Poza Rica Experiment 
Station (Veracruz) (60 in elevation, 
21 "N latitude): Tiampico (Tampico) 
(4 in elevation, 22"N latitude); the 
Rio Bravo Agricultural Experiment 
Station (30 m elevation, 25"N 
latitude): Culiacan (Sinaloa) (53 in 
elevation, 240N latitude): the Fuerte 
Valley Agricultural Experimen" 
Station (Los Moehis) (40 m 
elevation, 22('N latitude); Mexicali 
1(Baja California Nore) (1 m 

elevation, 32'N latitude): and 
1-1-luanantla (Tlaxcala) (2500 rnelevation, 19'N 1,tittde). 

CIMMYT breeders use these stations 
for diflerent purposes and to varying 

in some cases, work at the 
stations is catTiecd out in cooperation 
wit) tile Mexican National 
Agricultural Research Institute 
(INIA). Additional genetic 
information for the crossing program 
at CIMMYT is supplied from nearly 
100 other locations throughout the 
world by cooperators in CIMMYT's 
in t(miat lonal testing program. 

CIMMYT/INIA Elite Yield Trial 
for the Northern Zone-In 1984, 
INIA and CIMMYT established the 

Dr. S. Rajaram (left), head of the breod wheat breeding program. 
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Elite Yield Trial for the Northern 
Zone (EEZON). The objective of this 
trial is to identify varieties and 
advanced lines for different regions 
of Mexico. Twenty-four wheat 
varieties were included. Their 
relative yield in kg/ha is given in 
Table 1. The summary mean is 
based on the 25 locations listed in 
Table 2. The varieties Seri 82 (Veery 
No.5). Ures 81 (Vecry No.2). and 
Genaro 81 (Veery No.3) were tilletop 
perlormers, followed by the 
advanced lines Pla 'S'. Hue 'S'/Flk 
'S'. and l3jy 'S'/Jup. Although the 
performance of these advanced lines 
is promising in Mexico, their yield 
potential is lower tihan that of the 
"Veery" variclics. 

Table 2 compares yields of Seri h2, 
Genaro 81. and Ures 81 to local 
check varieties at 25 testing
locations in Mexico: tile local check 
varieties are cultivars Videly grown 
illeach location. Onl the average, 
Seri 82 showed a 10% higher yield 
than tie local checks, anid its yield 
was equal to or more thban the check 
variety at all locations exce't 
Ensenada (Baja Calilornia Norte). 
General Teran (Nuevo Leon), San 
Lorenzo (Sinaloa), and Costa tie 
Hermosillo (Sonora). Yields of Urcs 
81 and Genaro 81 \were an average 

of 8% and 7% higher, respectivt'ly, 

than yields of the local ceck 

varieties. In 18 lociations. their 
periormance was either equal to or 
better than the local check. 

Close examination of these datl 
reveals that yields of Scri 82, 
Genaro 81. and Ures 81 illc above 
the local cheek inmost locatior;s. 
indicating their wide adaptation 
across most Mexican environmlenlts. 
These three varieties constituted 
more than 70% ofthe area )lanted 
to wheal by farmers in nortlwestern 
Mexico in 1984. Although many 
farmers planted vry late. the 
average yield in the State of Sonora 
was more than 5 t/ha. Sonic faniers 
illthe Yaqtii Vallcy harvested more 
than 8 t/ha. 

Resistance to) I'tucciia recondita 
(leaf rtst) is still satisfactorv and 
there are preliminary indications 
that slow rusting genes are present 

in Genaro 81 and Ures 81. These 
genes are sensitive to high tenper-
atures, and may break down when 
temperatures are above normal. 
Seeded in the middle of January 
(late sowing), these three varieties 
appeared to be insensitive to high
teml-lperaturcs because of their 
relatively longer leaf retention and 
higher test weights. This insensitive 
r'iponse is very imlportant in 
ntorthern Mexico. where there is a 
sudden onset of high te'mperatui'es
in tile post-Ilowering stage. 

International Performance of 
Seri 82, Genaro 81, Pavon 76, 
and Anza-One of the bread wheat 
program's most important oblectivvs 
is tile development of \idely

adapted germplasn. Wide 

adaptation is evaluated in 

international trials such as tile last 
five Ilternational St)ring Wheat 
Yield Nurseries (151h - 19 th ISWYN). 
in which a Veery selection (cross 
CM33027) was the best yielding 
v'ariety across all locations, 

Figures l-I l present a comparison 
of the yields of Seri 82 (Veery No.5) 
and Genaro 81 (Veery No.3) with 
those of Anza (a widely grown 
variety)' Pavon 76 (also widely 
grown), and tile local checek for the 
56 loeations of the 19t h ISWYN. 
Locations are listed inTable 3 

In Figures 1-11, the yield of one 
variety is depicted on a vertical axis 
and the other variety on a horizontal 
axis. Tie yield on each axis ranges 
from 0 to 11 0qq/ha (I qq = 100 kg). 
When the yield of the variety 
represented by the vertical axis is 
highest, the location appears above 
the solid diagonal line: when the 
yield is highest for the variety on 
the horizontal axis, the location 
appears below the diagonal line. 

InFigure 7. for (xamleht. Seri 82 
and Anza are situilar in 'ield at 
location 50.antd tbus tlie locationl 
appears on Ih' diagonal line. At 
location 5. Scri 82 yield( , 5700 
kg/ha. whereas Anza yielded 3100 
kg/ha; ilie location appears at a 
point 2600 kg above the diagonal 
lint and vertical tIo31 on ilte Anza 
axis. 

Figures 6, 7,and 8 compare Seri 82 
with Pavon 76, Anza, and the local 
check across 56 locations. Yields of 
Pn.von 76 were significantly higher 
i t only two locations. Japan and 
Cerrados (Brazil). Anza yielded 
significantly higher in Japan, 
Cerrados. and Minnesota (USA). The 
local check exceeded the yield of 
Seri 82 only in Ecuador. Figure 6 
shows that Seri 82 and Pavon 76 
are both widelv adapted, yielding 
above 4000 kg/ha across 28 
locations. Seri 82 yielded signifi
(antly higher than Pavon 76 at 10 
locations, whereas Pavon 76 was not 
significantly higher at any of these 
locations at this yield level. Seri's
 
vield superiority was more
 
pronouncer in the comparison with 
Anza and the local check, as shown 
iIlFigures 7 and 8. 

Genaro 81 is compared with lavon 
76. Anza, and the local check in 
Figures 9. 10, and 11. Across tile 56 
locations, Pavon 76 was significantly 
higher yielding only in Washington 
and Minnesota (USA). Anza was 
significantly higher yielding in
 
Minnesota and Belgium. and the
 
local check yielded better in South
 
I)akota and Minnesota (USA).
 
Ecuador. Czechoslovakia, and
 
Belgium. With the exception of
 
Ecuador, all of these locations are
 
above 45()N latitude, indicating that
 
Genaro 8 needs improvt'ment for
 
adaptation in higher latitudes.
 

It is important to note that when 
the comparisons in Figures 1-1 
were made, three varieties were 
discarded because of their 
vernalization requirement, and thus 
there is no yield data for many 
locations. Data from seven locations 
were discarded because of very low 
location vield where yield expression 
betwet'n varieties is limited, and lor 
high coefficient of variation. In Table 
-t.the comparison of mean yield,
rank, aiid percent of Seri 82 is given 
for 56 locations with 47 varieties, 
and for 63 locations and all 50 
v'arietis in tlt 19Ith ISWYN. The 
tabl' shows that there was very
little difference in ranking or percent 

5 



of Seri 82 for both comparisons, 82 was superior to all other 10,000 kg/ha at four locations, and
 
although the mean yield was about varieties, except in the northern producing a maximum yield of
 
300 kg/ha lower in 63 United States and Canada, where 10,500 kg/ha. The maximum yield

environments. Pavon 76 was higher. Genaro 81 of Genaro 81 was 10,000 kg/ha, that 

was higher yielding in the Southern of P,-on 76 was 9600 kg/ha.

Table 5 gives mean yields for Seri Cone region of South America. Although Anza has a high yield

82. Genaro 81, Pavon 76, Anza, and potential, shown by yields of over 
the location mean for eight regions These data indicate that Scri 82 and 9700 kg/ha at three locations, and a 
of the 19 th ISWYN. Only regions Genaro 81 are both widely adapted, maximum yield of 10,300 kg/ha, it
with three or more locations although to different degrees. Seri has become more susceptible to leaf,
reporting data were included. At 82 combines the highest yield with stripe, and stem rust, thereby
yield levels above 3000 kg/ha, Seri wide adaptation, yielding more than reducing its overall adaptability. 
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Advanced lines other than Veery area of the developing world consists environments. Since the pattern of
in multiplication-Table 6 of semiarid regions where lack of moisture availability differs from one
 
presents nine advanced lines whose moisture is the primary constraint location to another, the drought

yields varied from 96% to 114% of to wheat production. These areas lie resistance of a particular variety

tires 81 at CIANO during the mostly in the Middle East, North tends to be location specific.

1983-84 season. Some of these lines Africa, India, China, and Argentina. However, response may be improved
 
are being multiplied for eventual Drought resistance is the most 
 by combining othei such traits as
 
rewease in Mexico. impo'tant characteristic of varieties high yield, yield stabi!ity, and wide
 

destined for these regions. This adaptation together with drought

Breeding for character is defined as the ability of resistance. Ideally, a wheat variety

Semiarid Regions 
 one genotype to be more productive intended for moisture-stressed,
Thirty-seven percent of the total than other genotypes in semiarid rainfed locations should be high 

yielding, responding favorably 
Yield of Yield of whenever environmental conditions
 
Seri 82 (qq/ha) Seri 82 (qq/ha) become conducive to high yields.
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irrigation. El Batan (rainfall 400Figure 7. Yield of Seri 82 regressed over Figure 8. Yield of Seri 82 regressed over mm) and Huamantla (rainfall
yield of Anza at 56 locations of the 19th yield of local check varieties at 56 400 mm) are used as rainfed 
ISWYN. locations of the 19th ISWYN. locations: CIANO (minimal 
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rainfall of 150 mm in the wheat 
season) is employed as the site 
for full and reduced irrigation, 
The F 2 generation is generally 
evaluated under full irrigation, 
the F3 -F5 generations may be 
evaluated either tinder rainfed 
conditions or reduccd irrigation, 
and F 6 -F 7 materials are tested 
under full irrigation. This 
systen attempts to produce 
lines that are more stable under 
optimum and reduced levels of 
moisture. 

2) All high-yielding advanced lines 
developed under full irrigation 
are retested under moisture 
stress either under rainfecd 
conditions or reduced irrigation. 
This procedure ensures the 
identification of advanced lines 
that are high vielding at both 
optimum and reduced levels of 
moisture. A partial listing of 
these lines is given in Table 7. 
where their yield perlornance is 
compared to Seri 82 at El Batan 
in 1984. The loisture sut)lply 
(558 nm) that year was 
relalively higher than normal, 
resulting in hiigher yields. 
However, in previous year 
these same lines performed well 
in unreplicatcd tests under two 
irrigation regimes at CIANO. 
Their performance was 
evaluated again in yield trials 
under two irrigation regimes at 
CIANO, and under rainfcd 
conditions in El Batan. Some of 
these lines will he tested further 
in both irrigated and rainfed 
environments to measure their 
stability and adaptation, 

Breeding for 
Highland Regions 
Wheat-producing highland areas are 
found in the Andes, Central America 
(including Mexico), and East Afrifca. 
Thesc regions are generally higher 
than 1500 n. and are characterized 
by rainfall in excess of 1000 inin/ 
crop cycle. This level of moisture 
could provoke high incidences of 
stripe rust, leaf rust. septoria lcaf 
blotch, septoria glnc blotch, 
Fusariuinnivale, F. gramin'arjlin 
and Xanlhonionas translcens. 
Stem rust is a potential threat in 
some areas close to the Equator. 

Disease is one factor preventing the 
yield potential of wheat from being 
fully expressed in highland regions, 
The breeding program has made 
noticeable progress towards 
improving yields by incorporating 
resistance to septoria leaf blotch, 
stripe rust, !eaf rust, stem rust, and 
Fisarion nivale. Screening for 
disease resistance and high yields is 
done in Toluca. with additional 
testing carried out in Patzeuaro. 
Both locations receive rainfall in 
excess of 1000 1111/crop cycle. 
Certain advanced lines with yield 
potential as high as 6 t/lia have 
been produccd. A partial list of these 
varieties is given ill Iable 8. Yields 
arc compared to lira 'S'. the 
highest-yieldiig advMWced line tested 
over three years ill Toluca. 

Table 9 lists 14 semidwarf ad\'a~l( 
lines found to he resistant to 
septoria leaf blotlch and compares 
them to Seri 82. which is known to 
be susceptible. These resistant lines 
arc being used in crosses with high-
yielding lines and then top crossed 
to scab- and rust-resistant lines to 
produce Wxheats suited for high 
elvations. Given the results of the 
breeding programi to date, it should 
he possible to increase tle vield 
p)otential of varieties for highliland 
conditions uI) to 8 I/ha. 

Breeding for 
Tropical Lowlands 
In the tropical lowlaids, which are 
situated between 231N and 231S 
latitudes and below 1500 in, high 
temperatures arc a eritical 
physiological stress that limits 
wheat yields. Yields are also reducel 
by such discases as ltclmintho-
sporinn sativm. leaf rust, and 
Sclcroiunm roll.is. The program's 
brecding strategy has been to 
combine characters for heal 
tolerance (at bo h juvenile and post-
flowering stages of developnent) 
witi genes for resistane to leaf rust 
and H4. sativlnn. The Poza Rica 
station is ised to scre('n matcrials 
for helninthosporiun resi-;iciIee a11n(l 

,iedtolerance, Tlaltizapan for heal 
tolerance, and CIANO for y ild and 
ic'lf rust. Twelve varietits and 
advanced lines found to be resistantl 
to Ilclninthosporin salivinn are 

compared to BH1146 (resistant 
check) and Ciano 79 (susceptible 
check) in Table 10. These results 
indicate that in the near future it 
should be possible to produce 
tropical wv-heats with both good 
yields and disease resistance. 

Aluminum Toxicity 
Toxic levels of soluble aluminum 
and mnangallese arc found ill the 
highly leached, acidic oxisols and 
nltisols of the central African 
highlands and Brazil. Alunlinunl 
toxicity is all Cspecially severe 
)roblem in Brazil when ilt, soil p-I 
is below 5.0. Se 'eral Brazilian w\,heat 
breeding organi, ations, including 
tlie Brazilian Agency for Agricultural 
Research (EMBRAPA), Passo Fundo: 
hlie Federation of Brazilian 

\Vleat and Soya Coo)erat ives 
(I"ECOTRIGO). Cruz Alta: Ihe 
Organization of Cooperatives of' the 
State of lPalanl (OCEPAR), Cascavel; 
tile Agronomy Institute of Parana 
(IAIPAR), Londriia; and the Centro 
deI l'sciquisa Agropcu'iuia do 
Cerrados (CIPAC) EMBIRAPA. 
Brasilia, arc cooperating with 
CIMMYT ill tile development of 
ahuninuin-tolerant wheat varieties. 

Crosses are nade in Mexico between 
high-yielding maerials from 
CIMMYT and alhinuinuil-toleraint 
varietics fronl Blrazil. Progenies are 
V'ilahItd for aliiin intun i[tolerlnc'e 
uIr field conditions in Blazil. Iln 

Mexico, liet saln progenies are 
evaluated for alunlinuin tolerance at 
the seedling stage in CIMMYT's 
alumiiiuinil toxicily ahoraltor'; at tile 
CIANO and "Tlica stalions, varieties 
arc evahuat'd for agrololic 
claract'neristics. 

This ('ollabOiratiOl has resullt d ill 
lte release of Iwo higl-yirldiiig 
advanced lines. Thorlibird and 
MNaringa/Aldal, iii Brazil. It is 
an ieipated that tihe yield potntnlial 
of aluninlun-tohera Iilamatcials can 
lhe increased to 6 I/ by)a combining 
sealtered gencs for yield potential 
wili Iolcrallcc tI high leveis of free 
alunn iiil nd resistainc(- to the 

o At iinmporta:nt 1:ahogc.us 
eiicountered in t hes(' acid-soil 
eiivironlnents. 
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Table 1. Average yield of 24 varieties and advanced lines in the Elite Yield Trial grown at 25 locations in 
northern Mexico, 1983-84 

Rank Variety or cross 
Yield 

(kg/ha) Rank Variety or cross 
Yield 

(kg/ha) Rank Variety or cross 
Yield 

(kg/ha) 

I 
2 
3 
4 
5 
6 
7 
8 

Seri 82 
Ures 81 
Genaro 81 
Pfau 'S' 
Buc 'S'/FIk 'S' 
Bjy 'S'/.Jup 
Guasave 81 
Yavaros 79 (durum) 

5286 
5175 
5130 
5020 
4975 
4938 
4376 
4857 

9 
10 
11 
12 
13 
14 
15 
16 

Myna 'S' 
Buc 'S'/Pvn 'S' 
Ciano 79 
Glennson 81 
Local check 
Buc 'S'/Bjy 'S' 
Delicias 81 
Fln/Acc//Ana 

4854 
4832 
4800 
4786 
4782 
4761 
4717 
4664 

17 
18 
19 
20 
21 
22 
23 
24 

Ttr 'S'!Bow 'S' 
Veery No. 10 
Lira 'S' 
Kea 'S'/Buc "Y 
Apache 81 
Huasteca 81 
Moil 'S'/lmu 
Sonoita 81 

4657 
4633 
4579 
4531 
4526 
4519 
4501 
4456 

Table 2. Yields of Seri 82, Genaro 81, and Ures 81 compared with local check variety at 25 locations in 

northern Mexico, 1983-84 

Yield (kg/ha) 

Local Seri % Local Genaro % Local Ures % Local 
Location check 82 check 81 check 81 check 
Mexical,. B.C. Norte 7531 8544 113 7463 98 7052 94Ensenada, B.C. Norte 1457 1260 140986 97 996 68
Mexicali, B.C. Norte 7530 8543 113 997462 7051 94Valle Sto. Domingo, B.C. Sur 3402 5164 152 5208 153 5243 154Delicias, Chihuahtia 6109 7453 122 7094 116 7586 124Casas Grandes, Chihuahua 3292 3777 115 3139 95 3269 99
Matamoros. Coahuila 5229 5824 111 1145969 6898 132Zaragoza, Coahuila 2049 2716 132 2850 139 2973 145Anahuac, Nuevo Leon 4310 5226 121 1054545 4849 112General Teran, Nuevo Leon 4290 3816 89 4340 101 4369 102Ebano, San Luis Potosi 2606 3778 145 1002618 3619 139Valle del Fuerte, Sinaloa 5498 6216 113 6641 121 5906 107Valle de Culiacan, Sinaloa 6056 6111 6063101 100 6732 111
San Lorenzo, Sinaloa 3517 3975 113 3765 107 3150 89Valle de Culia:,an, Sinaloa 6303 6504 6405103 102 6632 105San Lorenzo, Sinaloa 3609 3023 84 3602 100 3092 86Valle del Yaqui. Sonora 5495 5690 103 5512 100 5746 104Valle del Yaqui, Sonora 6054 6319 104 5900 97 6117 101
Valle del Yaqui. Sonora 7039 7053 100 6904 98 7320 104Valle del Yaqui, Sonora 6131 6367 1')" 6016 98 6119 100
Caborca, Sonora 5447 5374 9. 6494 119 6254 115Valle del Mayo, Sonora 4001 4664 i16 110 1084409 4334
Costa de Hermosillo, Sonora 5991 5705 95 5814 97 6161 103Rayon, Sonora 5099 5701 5513112 108 4787 94Rio Bravo, Tamaulipas 1501 3357 224 3112 207 3109 207 

Mean 4781 5286 110 5130 107 5175 108 
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Table 3. Testing locations for the 1 9 th ISWYN 

Location Elevation 
no. Lontinent/region Country Station Latitude (M) 

1 
2 
i 
4 

Africa 
Africa 
Africa 
Africa 

Egypt 
Kenya 
Nigeria 
Zimbabwe 

Sakha 
Njoro 
Kano 
Harare 

030 49'N 
000 00 
012 00'N 
017 48'N 

0000 
2165 
1000 
1486 

5 
6 

Asia 
Asia 

Afghanistan 
Bangladesh 

Kabul 
Ishurdi 

034 33'N 
024 25'N 

1803 
0008 

7 
8 
9 

10 

Asia 
Asia 
Asia 
Asia 

Japan 
Nepal 
Pakistan 
Pakistan 

Kitami 
Bhairawa 
Lyallpur 
Sind 

043 47'N 
027 30'N 
031 30'N 
025 02'N 

0196 
0105 
0213 
0019 

11 
12 

Europe 
Europe 

England 
Greece 

Cambridge 
Thessaloniki 

052 10'N 
040 38'N 

0017 
0010 

13 
14 

Europe 
Middle East 

Portugal 
Israel 

Elvas 
Mivhor Farm 

038 54'N 
031 37'N 

0208 
0120 

15 Middle East Jordan Dier Alia 032 12'N 0224 
16 North America Canada Alberta 053 34'N 0667 
17 
18 

North America 
North Amei'ica 

Canada 
Mexico 

Saskatoon 
Guanajuato 

052 10'N 
020 32'N 

0501 
1765 

19 
20 
21 

North Anicrica 
North America 
North America 

Mexico 
Mexico 
USA 

Toluca 
Cd. Obregon 
South Dakota 

019 16'N 
027 20'N 
044 20'N 

2640 
0038 
0591 

22 North America USA Minnesota 044 57'N -
23 
24 
25 

North America 
Central America 
South America 

USA 
Guatemala 
Argentina 

Washington 
Quetzaltenango 
La Dulce 

046 02'N 
014 52'N 
038 20'S 

0762 
2407 
0072 

26 
27 

South America 
South America 

Argentina 
Argentina 

Pergamino 
Marcos JuArez 

033 56'S 
032 42'S 

0065 
0110 

28 
29 

South America 
South America 

B,-azil 
Brazil 

Dos Cerrados (D.F) 
Passo Fundo 

015 45'S 
028 16'S 

1000 
0700 

30 South America Chile Cautin 038 41'S 0200 
31 
32 

South America 
South America 

Chile 
Ecuador 

Santiago 
Quito 

033 27'S 
000 22'S 

0629 
3058 

33 South America Urvguay Colonia 034 20'S 0081 
34 
35 
36 

Africa 
Asia 
Europe 

Egypt 
Taiwan 
Czechoslovakia 

Sids 
Taipei 
Czechia 

029 04'N 
025 02'N 
049 05'N 

-
0077 

-
37 Africa Malawi Ntcheu 015 18'S 1615 
38 
39 

South America 
South America 

Paraguay 
Bolivia 

Cacupe 
Santa Cruz 

025 24'S 
018 39'S 

0228 
0386 

40 
41 
42 
43 

Middle East 
Africa 
Europe 
Asia 

Syria 
Tanzania 
Spain 
Pakistan 

Aleppo (ICARDA) 
Iringa 
El Encinal 
Islarnabad 

036 05'N 
009 17'S 
038 0I'N 
033 39'N 

0282 
1980 
0200 
0683 

44 
45 
46 
47 

Europe 
Middle East 
Europe 
Oceania 

Norway 
Syria 
Italy 
New Zealand 

Voile Bekk 
Aleppo (ICARDA) 
Casaccia 
Lincoln 

059 40'N 
036 05'N 
043 30'N 
043 38'S 

0090 
0282 
0030 
0011 

48 Middle East Saudi Arabia Al Gassim 026 04'N -
49 Asia Pakistan Pirsbak 034 00'N 0905 
50 Europe Belgium Gembloux 050 32'N 0170 
51 South America Brazil Parand 023 22'S 0585 
52 North America U.S.A. Texas 031.23'S 0210 
53 Middle East Turkey Izmir 038 35'N 0020 
54 
55 

Asia 
North America 

Thailand 
U.S.A. 

Chiang Mai 
North Dakota 

018 - N 
046 54'N 

0314 
0237 

56 Europe U.S.S.R. Odessa -

Note: Locatio n numbers used in Figures 1-11. 
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Table 4. Yield comparisons of seven entries in the 1 9 th ISWYN;

rankings and mean yields based first on a reduced number of
 
nursery entries and locations, and then on the total number of
 
entries and locations
 

Reduced no. entries andlocations Total no. entries and total number of locations: 63.locations ttlnme flctos
Yicaild Yien Yield data unavailable for

Mean (% ofof Mean (% of locations discarded becauseMean Meathree Y% entries- data for seven 
yield Seri yield Seri of low location yield or high 

(kg/ha) Rank 82] (kg/ha) Rank 82) coefficient of variation. 

Seri 82 4760 100 4490 1 100
 
Ures 81 4620 97
2 4340 2 98
 
Glennson 81 4560 3 96 4250 3 
 95 
Gcnaro 81 4480 4 94 4210 4 94 
Pavon 76 4350 7 91 4110 7 
 92
 
Anza 4110 14 86 3910 12 87
 
Local check 4000 21 84 3800 20 85
 
Location mean 3890 23 
 82 3630 24 81 

LSD. 0 5 251 

Table 5. Yield performance of Seri 82, Genaro 81, Pavon 76, and 
Anza in regions with three or more testing locations in the 1 9 th 
ISWYN 

Location Mean yield (kg/ha) 
Mean Seri Genaro Pavon 

Region No. (kg/ha) 82 81 76 Anza 

Highlands Central America 3 4688 6151 5796 5360 4668 
N.E. Africa-Middle East 13 4'640 5737 5367 5272 4774 
Indian Subcontinent 6 4111 5274 4573 4643 4473 
European Region 7 3970 4762 4093 4129 4317 
Northern USA "andCanada 6 41443560 3987 4223 4105 
Southern Cone 10 2988 3558 3730 3507 3058 
East Africa 3 1981 2663 2637 2330 1887 
Tropical Zone 4 1465 14201237 1512 1591 

Total 52 - - - -

Mean - 3634 4467 4201 4124 3853
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Table 6. Yield performance of advanced bread wheat lines with high
yield potential under irrigation compared to Ures 81 at CIANO, 1984 

Yield 

Line (kg/ha) 
(% of 

Ures 81) 

Veery No. 9 8403 114 
CM33027-F- 12M- 1 Y- 12M- 1Y-2M-OY 

PF70354-Yaco 'S' 8143 110 
CM67911-4Y-IM-1Y-OZ-6Y-OM 

PF70354/Yaco 'S' 8102 109 
CM6791 I-4Y- 1 M- 1 Y-OZ-2Y-OM 

Maya/Mon S'//Kvz/Trl 7986 108 
CM44083-N-2Y-2M-1 Y-1M-1 Y-1M-OY 

Veery 'S' 7830 106 
CM33027-F- 12M- I Y- 1 M- 1Y- I M-OY-60B
1PTZ-OY 

Lira 'S' 7234 98 
CM43903-1-1-2Y- IM-5Y- 1 M- IY-1M-OY 

R37/Ghl 121//Ka1/Bb/3/Klt 'S' 7220 97 
CM64609-6\ -3M- 1Y-OM 

4777 *2//FKN/Gb/3/Vee 'S'/4/ 7196 97 
Buc 'S'/Pvn 'S' 
CM66684-B- IM-6Y- 1M-2Y- 1M-OY 

Bow 'S'/Vee 'S' 7113 96 
CM64693-3M- 1Y-3M-2Y-OM 

Table 7. Advanced lines of bread wheat with high yield potential
compared to Seri 82 under rainfed conditions at El Batan, 1984 

Yield 
(% of 

Line (kg/ha) Seri 82) 

Veery 'S' 7806 115 
CM33027-F- 15 M-50OY-OM-7B-OY 

Veery 'S' 7653 113 
CM33027-F-15M-500Y-OM-I 11B-OY 

Monl 'S/Imu 7472 111 
CM61942-4Y-2M-2Y-2M-2Y-OM 

Veery 'S' 7445 110 
CM33027-F- 15M-500Y-OM- 11 B-OY-OPTZ 

Veery 'S' 7257 107 
CM33027-F- 15M-500Y-OM-6613-OY 

Kc, 'S' 7167 106 
CM21335-C-9Y-3M- IY-1 Y- 1Y-OB 

Mrl 'S'/BIc 'S' 7119 105 
CM61949- I3Y- 1M-2Y- IM-1Y- 1M-OY 

Vecry 'S' 7042 104 
CM33027-F-15M-50Y-OM-75B-OY 

Aii/UP30 I//GIl/SX/3/Pcv 'S'/4/ 6987 103 
Mai SMaya 'S'//Pcw 'S' 
CM67245-C- 1M-2Y- 1M-7Y- 1M-OY 

Nac/Vec 'S' 6972 103 
CM64224-5Y- 1M-] Y-OM 

(continued) 
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Table 7. (continued) 

Yield 

Line (kg/ha) 
r% of 

Seri 82) 

Cook/Vec 'S'//Dove 'S'/Vee 'S' 6917 102 
CM69279-C-2Y- 1M-5Y-2M-OY 

Mor 'S'/Mon 'S' 6882 102 
CM64736-6Y-2M-3Y-OM 

Tan 'S'/3/Ti/Tob//AId 'S' 6876 102 
CM64340-4M- I Y- 1M-2Y- 1M-OY 

Kca 'S' 6868 102 
CM21335-C-9Y-3M- 1Y- IY- 1Y-OB-6KE-OY 

Veery 'S' 6833 101 
CM33027-F- 15M-500Y-OM-89B-OY 

Table 8. Advanced lines of bread wheat with high yield potential in 
highland environments compared to Lira 'S', Toluca, 1984 

Yield 
(% of

Line (kg/ha) Lira'S') 

Kca 'S'/Tow 'S' 6121 119 
CM58975-2Y-3M- IY- 12M-3Y- IM-OY 

Mon 'S'//Sis 'S'/Can 'S' 6047 117 
CM62142-5Y-2M- 1Y- 1M-5Y- 1M-0Y 

Kai/Bb//Tqfn 'S'/3/Bow 'S' 6006 117 
CM68419-6Y- 1M-2Y- 1M-OY 

Dove 'S'/Inia 5929 115 
39B- 1Y- 1M-OY 

Bow 'S'//Yd S'/Zz 'S' 5878 115 
CM62045-7Y-5M-2Y- 1M- I Y- I M-OY 

Mon 'S'/Vcc 'S' 5857 114 
CM64241-3M- 1Y-2M- 1Y-2M-OY 

Veery 'S' 5784 112 
CM33027-F- 12M- 1Y- 1M- 1 Y- 1M-OY-6013
1PTZ-OY 

Son64/SS2//AId 'S'/3/Ti Rcscl/Coe/4/ 5769 112 
1AS58/3/IAS20//Wtc *3/Nar 
CM67208-B-3M-2Y-2M-3Y-2M-0Y 

Son64/SS2//AIc 'S'/3/Ti Rcscl/Coc/4/ 5722 111 
1AS58/3/IAS20//Wtc* 3/Nar 
CM67208-13-3M-2Y-2M- 1Y-2M-0Y 

Tan 'S'/3/Ti/Tob//AlcI 'S' 5686 110 
CM64340-4M- IY- 1M-4Y-3M-OY 

PrI 'S'/Toni 5660 110 
CM67360-2Y-3M-4Y- I M-OY 

Vcec 'S'/Buc 'S' 5657 110 
CM61950-9Y-:3M- 1 Y-3M-2Y- 1 V-OY 

Mon 'S'//Sis 'S'/Can 'S' 42 110 
CM62142-5Y-3M- 1Y-2M-3Y- 1M-OY 

F3.71/Trmn 5568 108 
SWM5704- IOY- 1M-3Y-3M-3Y-OB 

4777* 2//FKN/Gb/3/Vcc 'S'/4/ 5532 107 
Buc 'S'/Pvn 'S' 
CM66684-13- 1M-6Y-3M-3Y-2M-0Y 

(continued) 
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Table 8. (continued) 

Yield 

Line (kg/ha) 
(% of 

Lira'S') 

Yaco 'S'/Jun 'S' 5528 107 
CM68459-7Y-2Mvl-2Y-0M 

R37/Ghl 121//Kal/Bb/3/Jup/Mus 'S' 5519 107 
CM6461 l-4M- I Y- IM-3Y-2M-OY 

Mon 'S'/ITow 'S' 5504 107 
CM56723-2Y- IY-4M-2Y-0Mvl 

Tpi/Cno67No3/Bbl/Cno67141 5498 107 
Za755/1Ttm 'S' 
CM55914-7Y-2M- 1Y-IM-1 Y-IM-0Y 

Tp//Cno67/No/3/Bb/Cno67/4/ 5489 107 
Za75/5/Ttn 'S' 
CM55914-4y-tiM- 1Y-2M-3Y-1M-OY 

Vee 'S'/BLIuc ' 5443 106 
CM61950-9Y-3M- IY-6M-2Y- 1M-OY 

Gjo "S'/Trn//lBda/lthiac'S' 5439 106 
CM60767-C- 1Y-1 M- IY-I M-1 Y- 1M-OY 

Table 9. Advanced bread wheat lines resistant to septoria leaf blotch 
compared to Seri 82, Toluca, 1984 

a Each digit was taken Diseasea Days toindependcntly on a 0-9 scale. The Line score heading 

first digit indicates the height to
which tlhdieasc• had moved on 
the pIant. ihe s,'cond indicates 
the severity of infection, and was 
obtained by converting the 
I)rcentage fi.LUrc for the area 

Kea 'S' 
CM21335-C-9Y-3M- 1Y- 1Y1Y-0[-2KE-0Y

SuLnbird 'S' 
CM34630-1)-3M-3Y- 1 M-1Y-OM 

Gov/Az//Mtis 'S' 

34 

33 

43 

83 

90 

86 
covered by lesions on diseased 
leaves to a 0-9 scale. 

CM41257-1-8M-3Y- 1M- 1Y-2M-I Y-OB 
Mrs//Kal/I3b/3/Az 46 85 

CNM43429-1- 1Y- IM-1Y-4M- 1Y-013 
PF70354/Miis 'S' 42 89 

CM47091-7M- IY-3F-1Y-OY 
IAS58/4/Kal/13//Cj 'S'/3/Aid 'S' 43 86 

CM50464-12Y-6F- IY-1Y-8M-5Y-OM 
Vee 'S'/Snb 'S' 35 90 

CM61981-4Y- IM-5Y-2M-OY 
Mon 'S'/AId 'S' 34 88 

CM64239- IY- I M- IY-OM 
Crt/Ald 'S' 35 87 

II 14055-OM-19 LD-25LD-1LD-OY 
RPB709.7 1/Coc 33 96 

SWM6845-9Y- IY- IY- 1Y-OY 
Thornbird 'S' 34 86 

F 11915-A-502M- 1Y-3F-701Y-,4F-700Y 
PF72640/PF7326//PF7065/Ald'S' 34 87 

F I1933-D)-500M-3Y- I F-704Y-2F-OY 
Al%I 10/2* IAS54/6/1Tp/4/Tzpp/Sn64// 43 100 

Napo/3/Cno67/5/PF6968 
F 15183-A-90 1F-901 F-901 F-3035F-OY 

NS879. 42 102 

Seri 82 75 82 



Table 10. Best advanced lines of bread wheat resistant to Helminthosporlum sativum at Poza Rica and 
Tlaltizapan, 1983-84 

Variety or croas and pet! gree 

Pato(R)/3/Tzpp/Sui64//Nar 
CM21974-4R-4M-2E-4 M-20-0Y-OP-OY 

CI 14227/Trm//Mad 'S' 
CM47943-V-5M-3Y- 1M- IY-OM 

Aid 'S/AS58 
CM53481-6Y- 1Y-4M- 1 Y- 1M- 1Y-OM 

IAS54/Ald 'S' 
CM56805-3Y- 1Y-4M- I Y- I M- 1Y-OM 

HI 669/4/Tor 'S'/2*HD832//Tob/3/ 
Tor 'S'/2" HD832 
CM62550- IY- 1M-2Y- 1M-3Y-OM 

Kea "S'/4/Kal/Bb//Cj 'S'/3/Aid 'S' 
CM64617-9M-1Y-IM- 1Y-OM 

Rrv/WW15/3/Bj 'S'/2*On//Bon/4/Nac 
CM65202-3M-2Y-3M-4Y-OM 

Sn64/SS2//AId 'S'/3/Ti Resel/Coc/4/ 
IAS58/3/IAS20//Wte* 3/Nar 
CM67208-B-3M-2Y-2M- 1Y-OM 

Au/UP301//GII/SX/3/Pcw 'S'/4/ 
Mai 'S'/Maya 'S'//Pew 'S' 
CM67245-C- I M-2Y- 1M-3Y-OM 

Anb 'S'-Yaco 'S' 
CM67618-2Y-3M-3Y-2M-OY 

PF71131 

Vee 'S'-CZIP7713 
OC3597-4M-2Y-OZ-1Y-OM 

BH 1146 (resistant check) 

Ciano 79 (susceptible check) 

Leaf 
(0-9) 

5 

5 

5 

6 

6 

4 

6 

6 

5 

6 

3 

4 

5 

9 

Poza Rica 

% 
Diseased 

grain 

16 

30 

16 

22 

28 

18 

14 

36 

12 

12 

12 

16 

20 

58 

Disease 

Severity 

diseased 
grain 
(0-5) 

1 

2 

1 

2 

1 

2 

2 

2 

1 

1 

1 

2 

1 

4 

score 
Tlaltizapan 

Severity7 

% diseased 
Leaf Diseased grain 
(0-9) grain (0-5) 

4 15 1 

3 30 2 

5 31 3 

3 21 2 

2 28 1 

4 34 3 

5 30 2 

4 22 2 

5 24 2 

3 34 1 

3 21 1 

3 32 2 

4 31 3 

8 55 3 
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Durum Wheat 
P. Brajcich, W.H. Pfelffer, and W.A.J. de Milliano 

Introduction agronomic type and grain quality food generally used to makeYield potential of durum wheat has have made yields of CIMMYT's best products for local consumption,
increased steadily since TChuacan durum materials competitive with such as chapatis, coUscous. bulgur.
60. the first improved clurum yields of bread wheal in highly and mote. Durum wheat is ancultivar released in Me:dco. was productive cereal-growing industrial crop in Canada, thedleveloped. At soic testilg sites, elViroIlllents throughout tibe world. United States. Argentina. Chile, andyields as high as 10 t/ha have now For this reason. low yields in Southern and Eastern Europe. and

been obtained, and approximately 
 dceveloping lations are iioi consequently iii lstlmc high
50 high-yielddin durtilli wheat atlributCd to low yield )OICltll. but quality standards to be acceptablevarieties based on ClNIMYT iopor imanageient. tile scalcity of for ise in sc(1illina produCts. II isgermplasm have been released improved technology and inpuls. esstiial that bretders efforts tothroughout the world. l)urtini wheat ci'iIron illti al condiions (cspecially illl]rov'c dlti \,1'1Iicat should be
is presently produced oilalotut 30 iinoist li'rc stress), and the use of dir'ttc'led tovard improvinig tlemillion heCitars worldwide. 1I varieties susclic to one or i'ure performiance of Ilie crop illat variety
million of whihli are in d'evelo)ing diseases - coiditions hllat of eliviroiinll(lls and for a rallge ofcountries. frttueltly prevail ii developing ecoiioicii purposes. 

'out iecs. 
Since its inception inl 1966. Breeding Program
CIMMYT's dirur wheat prolograill ,Just as tie (-ilildi iu iill-der which Priorities and Modifications
has made considerable progress iii Urui lit-at is l)r(idtluilccdivary froiu Currently. the ) r eding program
germplasni improvemnit. The Ilt dceveloping to clit'developed emplhasizes imlproving yield
program's research initially focused world. lile clop'il)nli(, role potcntial. vi- aldaptatio.ll, antd grainon introJucing dwarfling -lillct'Cr- varie-s as We-ll. Il Sub-Salr1an and quality. Special cfforts are madc to
istics, ovcrcoming day length Easi Africa. theliddl aid Near obtain resistance to distase-causiiig
senisitivity, rcdlucini. stc-rility. and East. tI] llldilll SllbClonlintl . ;a11d organliinls thillattack clriin wiheal,improving disease iStaii-C. lit Andean rtegioin of SOllib espccially stecii rust l'tiucinin
Additional improvements ill America. cluruni \lic-al is a stapi, grallnis).Septoria silp., 
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Dr. P. Brajcich, head of the durum wheat breeding program. 
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Helminthospoium spp., and 
Fusarium spp. Other traits receiving 
attention are earliness, cold 
tolerance, stiff straw, and head type. 

Several modifications were made in 
the program in 1984. The first was 
that segregating germplasn was 
handled in three groups (medium-
tall and tall phenotypes, semidwarf 
phenotypes. and early maturing 
phenotypes) to increase tile 
frequency of characteristics within 
each group. Medium-tall and tall 
(100-120 cm) phenolypcs were 
grown under reduced irrigation (just 
one post-seeding irrigation fGr 
germination), wvhereas scm idwarf 
(60-99 cm) )henotypes were grown 
in the traditional manner under full 
irrigation (five irrigations). Early 
maturing (120-126 days) phenotypes 
were grown as a separate nursery 
and also received full irrigation. 

The second nodification. based on 
recommendations made by the 
agronomy program, was that 
100 kg N/ha were applied to 
progenitor and segregating materials 
to allow more efficient selection 
against yellow berry. Under these 
same conditions, material was also 
selected for stiff straw. 

Tie third modification in lie 

program w\,as that the san. design 
was usedl in durunin and bread wheat 
yield trials conducted at the CIANO 
experiment station. Each trial 
consisted of 2-1 entries. 20 ad\ anced 
lines. 2 dlurnin wheat checks, 1 
bread wheat check, and I triticale 
check, with three replications in a 
randomized block design. All plots 
consisted of eight live-nccr rows. 
with a distance of 20 inbetween 
rows. To eliminale any border efle(t, 
only four meters of Ihc six central 
rows were harvested. 

Yield Po' ential 
A total of 584 advanced lines of 
durlunm wileat with high yield 
potential were yield tested at CIANO 
in 1983. Advanced lines performing 
better than the check v'ariety. 
Yavaros 79. were placed in 
international nurseries to be 
assessed for adaptation and dlisease 

resistance in locations around tile 
world. Figure 1 shows the 
superiority of certain advanced lines 
over Yavaros 79. The performance 
of these lines varied from 110% to 
133% of Yav'aros 79. indicating 
progress in selection for yield 
potenltial in the segregating 
generations. Many advanced lines, 
six of which arc presented in 
Table 1. have displayed high yield 
potential over two seasons: Gan 'S', 
Wul,) 'S', and Mal 'S'yielded 
17%-25% more than Ya\'aros 79. 

Table 2 gi\'e-s the yield. agronomic. 
and rust data lor tile last thrce 
duruni wheat varieties released by 
INIA in Mexico. A yield trial 
conducted by the agronomy 
programin indicated that tile yield 
potential of Altar 84. tile most 
recently released Mexican variety, is 
8.20 i/ha, a gain in yield of 
approximately 1.0 I/ha over Mexicali 
75 and Yavaros 79 (Figure 2). 
Furthermore, there was an annual 
increase of 187 kg/ha in yield 
potential for the seven duruni wheat 
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varieties released in Mexico between 
1960 and 1984 (Figure 2), an 
increase which can be explained in 
part by greater tillering capacity and 
spike fertility. 

Yield Stability 
Although tile yield potential of 
dLurum wheat is high and expected 
to increase, cooperators from 
national cereal improvement 
l)rograms throtighout the world hav'e 
reported that durum wheat, 
compared to brc ,dwheat and 
triticale, has shown low yield 
stability. Analysis of data from 
prev-ious International Dlrlunll Yield 
Nurseries (IDYN), Elite Durum Yield 
Trials (EI)YT), and the International 
l)urun Screening Nursery UID)SN) 
coIfiris cooperators' reports. These 
lesil ts arc partially caused by 
dinr'nni wheat's adaptive dis
advantage, which leads to lOW yields 
in the hunlid tropical highlands, and 
in environments with excessive 
rainfall, frost, and alulinum toxic 
soils. 

d 
Best advanced lines
 

Yavaros 79
 

13 14 15 16 18 19 
Trial number 

Figure 1. Yield of outstanding advanced lines compared to Yavaros 79,CIANO, 
1983-84. 
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One means of overcoming this 
disadvantage is to breed for better 
resistance to foliar diseases and 
Fusariurnspp. New durum lines 
should possess high levels of 
response to inputs under optimum 
growing conditions, as vell as high 
input efficiency under such 
suboptimurn conditions as drought 
or low soil fertility. Figure 3 
indicates that the yield of one 
durum line, Carcomun (Care 'S'). as 
indicated by the full circles, is above 
average (dotted line) in nearly all 
14 environments represented in the 
figure. At yield levels of about 
1 t/ha. not much variation between 
the yields of the entries can be 
found due to the lack of differ-
entiating factors (i.e., drought, low 
fertility) in the environments, bill 

the ability of Care 'S'to exploit 

extremely fertile conditions is 

reflected by a high coefficient of 

regression (1.15). Good yield 

stability is indicated by the high 

value of tie coefficient of deter-

mination (r 2 ) of 0.98, which is a 

measure of the closeness of the 
individual yields (full circles) around 
the regression line of Care 'S'(solid 
line). 

Thougr some progress in achieving 
better yield stability has been made, 
further improvements in this 
characteristic may be achieved 
through the use of greater variation, 
the accumulation of genes that 
promote yield stability, the 

incorrration of better resistance to
 
Ibliar diseases, and multilocational
 
',clection and testing. 

Yield, Test Weight, 

and 1000-Kernel Weight 

One reason for durnum wheat's high 
yield potential is the potential in the 
yield components, which are 
assumed to promote yield stability. 
Table 3 shows the 1000-kernel 
weight of advanced durum wheat 
lines having yields up to 22% better 
than the check. Yavaros 79. 
Excellent yield performance andlO00-kernel weight generally 

correspond with good values for test 
weight Lid indicate that high yield 
and high 1000-kernel weight have 
been achieved without reducing test
weight. Average values of about 
58 g for 1000-kcrnel weight and 

83 kg/hil for test weight were 
achieved in the solid-seeded small 
multiplication plots (PCs) in CIANO. 
The best lines had 1000-kernel 
weights of 78 g and test weights of 
86 kg/hlI, indicating that further 
progress can be made. 

These characteristics wrillhe 
combined with high tillering 
capacity and incorporated into 
larger spikes. Spikelci fertility can 
also be improved: the spikelet 
fertility of lines like Care 'S'. with an 
average of 4.2 grains/spikelet, 
indicates that good progenitors arc 
available in the program. 

Drought Tolerance 
Forty-four advanced lines, selected 
under conditions of full irrigation : 
CIANO and high rainfall at Toluca, 
were yield tested undcr reduced 
irrigation at CIANO.where 
approximately 150 inm of water was 
applied in one post-seeding 
irrigation for germination and stand 
establishment. This low water input 
resulted in serious water stress, as 
shown by the reduced values for 
days to maturity and plant height 
(Table 4). Several outstanding lines 
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were identified, such as Call 'S', 
which yielded 27% better than tde 
cheek variety. Yavaros 79. 

Advanced li'es selected under 
reduced irrigation at CIANO were 
subsequently yield tested at El 
Batan and Huaniantla under rainfed 
,'onditions. The seven advanced 
lines that performed best at each 
location arc listed in Tables 5 and 6. 
The best advanccd liles from the 
three Mexican locations will be 
evaluaed in additional experiments 
and included in the crossing 
program. 

Earliness 
Incertain regions of the world. such 
as the Indian Subcontinent, 
earliness ensures greater adiapt
ability of durum wheat in crop 
rotations. Earliness is also dcsirabl 
as a mechanism that perinits plints 
to escape disease epidemics and 
drought stress. Table 7 prescnts six 
advanced lines with better yield 
performance than Yavaros 79 and 
the check for early naturitv, 
Mexicali 75. Yield potential is not 
reduced by a decrease in days to 
maturity of six or seven clays; for 
example. Gan 'S'showed a 33%
higher yield than Yavaros 79. 

.- '
 

< 

Figure 2. Yield potential of the durum wheat varieties released in Mexico from 1960 
to 1984. 
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Disease Resistance 
In 1983-84, dururn wheat lines were 
screened for disease resistance at 10 
localions in Mexico (Table 8). 
Screening for leaf rust ({UCcinia 
recondila) resistance was done 
under natural infection ill the 
tropical lowlands near lPoza Rica. 
anti after artificial inoculation in Ihe 
highlands at El Bat an. At CIANO. 
successful screening for stel rust 
(1h1ccinia grallllnis f. s. fritici))
resistance took place after artificial 
inoculation, 

Stripe rust-Stripe rust (IPu'cini 
striilbimis)oc.currtld at several of' the 
screening locations, but the 
incidence of the disease was not 
high. Attemipts were lla1r to illitialc 
a stripe rust Cpidclnlic by needle 
inoculation and spraying (tlSirig 
inoculIInl collectCd from bread 
whcat and sllspenled ill water), bit 
ilt, Cff ets of ile artificial 

inocolar on at Toluca and El Baltar 
Werc 1rcgligible. Though conditions 
for the dlevclolnlcnit of art cl)idernic 
were fairly favorable. only a few 
diurirn wheats wrec affccted, 

10-

0P 
7-

6, 

9-


5-_7. 

4-/" 

3-

2-

1- .Mexicali 

4s ' 
Environment yield (t/ha) 

Figure 3. Yield of Carcomun 'S' across 
the 14 environments of the 14 th IDYN 
(preliminary report). Broken line (wh-) 
indicates mean of all entries. 

indicating that virulence of the local 
stripe rust races was low on durul 
wheat. 

Leaf and stem rust-.eaf and 
sten rusts are cereal diseases of 
great ccomonic importance 
throughout the world. hi Mexico, 
however, no rust epidemics have 
occurred ill dtiunlmwhCat ill the lst 
45 vcars. and at the najor Mexican 
sclcenlg locations, artificial 
epidenlics are induced to idCerify 
mat erials resistant to these diseases, 
Spores are applied by ncedlc 
inoculation, (lusting. and spraying: 
ill 1984. as irany as 10 applications 
were done at CIANO and 18 
applications each at El Balan atid 
Toluca. 

The leaf rust isolate (l'rdf UCric*V 
840/. 102 isolates) occurring mosl 
oftien on duruin wheat occurred ol 
brcald %%,heal and Iriticalc as well. 
and had t vilence/avircc 
spectrum 1.1, 2C. 3. 10. Ila, 141)/ 
2a. 2b. 3ka. Gcniro. After 

rinoculation. commercial cult ivars iin 
thlie field at El l3atan showed various 
degrees of adult plant sulsceptibility: 
Yavaros 79 was IOMS. Mexicali 75 
50MS-S, Cocorit 71 60MS-S, 
Ca:,d(o lOOMS, and Inrat 69 60S 
(MS iloderately susceplible:
S = susccptibh,). Virulence ol 

'dururn \wheat was found ill nurseries 
throughou th cootttr,. antdCe tie 
isolate iieri(ioncd abovc was also 
found tlhroughout Mexico. Seedling 
resistance totilt races occulrriig ill 
Mexico was coninion under 
greenhouse conditions and appeared
in tile field as well. 

Il 1984. a high incidlie of stem 
rurst occurrncd at1 CIANO after plant 
iiniocu lation. Virt icncc for stciii rurst 
occurred on liiaiy prceviously 
resistant cotlinCicial cultivars and 
lines. ittclirlnirg the nioist (otiiiiorl.v 
gr0\%own colierllcl'cial colt ivars. 

75 and Yavaros 79. but this 
virtlence ,its lotnd ionly il 
i ' risS tll'e was rlot cicolliter"lI 

il ioniwr-cial fields. Th two ilostCOIniiioni isolatescs US designatlion 

KI, (frequency 46%. 78 isolals)
and QTI. (Ircquticny ,10%, 78 
isolafcs), also occuirred ort bread 

'eat and triticale. Gcenotypes with Ii1saoriurr spp. Different species, 
differetnt degrees otf adoult plant partlicularly I'. gra'nininearrinand 

susceptibility in the field, such as 
Cocorit 71 (20MS). Mexicali 75 
(20MS), Yavaros 79 (30S). and Ardca 
(90S), all had seedling resistance in 
the greenhouse. The great increase 
from 1983 to 1984 in the number of 
genotypes with adult plant 
susceptibility occurred in durun 
wheat only; for this reason, it seeis 
possible Ihat virulence specific to 
du1rurn wheat has developed. 

Front Table 9 it can be derived that 
approximately 50% of the entries of 
tile spring Crossigl Block (CB) at 
CIMMIYT were susceptible to stem 
rust and at least 3 0% to leaf rust. 
Complilcte resistance to stem rust 
occurred more frequently than 
conpletc leaf rust resistance 
(Table 9). which was rare anlong 
CIMMYT Crossing lock entries. Ill 
tlie ICARIDA C13, coim plete resistance 
to leaf rust appeared to occtr linore 
frequently than con l)lcte resistance 
to stem rust. Incomlplete resistance 
to stem rust occurred less often than 
incomplete resistance to leaf rust, 
particularly in spring materials. 
Conplete "nd inconiplete resistance 
to rusts. especially steni rust, call 
possibly be accumnulatcd using
winter-type dtirorn wheats in 
conbination with spring durums. 

Helminthosporium screening-
Effective screening for thlrnintho
sporitul saliuniu occurred at Poza 
Rica: other Jfhnint hosporirn 
spccivs affecting durumn wheat in 
Mexico were -1. giganricnl at Poza 
Rica and 1I. tercs at La,;unilla. At 
Poza Rica. It. gigalvecmu was found 
particularly oil lines with :otie 
resistance to II. sativiun. indicating
that serCcriirng for resistance to H. 
£igarlicurl under trol)ical conditions 
iay blconiC necessary, Cice 
resistance for II. satienin is 
incorporated. 

Septoria and fusarium 
screening-Successfurl screCning for 
resistanice to ScPtori ilodo,-tinn and 
S. tritici was c(t id out in the 
highlands atlTolhca as well as atPatz(r.laro, i cool .irlca with 

phl)osh;tc-deficicit soils. 

I)urmin wheat is still susceptible to 
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F. nivale, affected all dururn Incomplete resistance appeared to 
genotypes, though incomplete occur, bul most of the germplasn is
resistance appeared to occur. High susceptible. 

natural incidence of Fusariimn spp. 

was fou!l at Toluca, Lai,,nilla, and Effective screceiliig for resistance 1o 
Pal/tcuaro. Orange Free Stale virlls and to 

aphids cannot be done ii Mexico. 

Other diseases-Snutls and bunts Althbough the incidence of aphids

did not reach a naitural level Ihat 
 call becole very Ihigh, tlese ,llsetts
enabled effective screening. Du msi arc presently chemically controlled. 

were screened after artiificial Screening for resistanlce 
 to Hessian 
inoculation tor resistance to Karnal Ily nId sawl\ly is ilso don1e outside of 
bunt I illetin icldica. syn. Ncovossiu Mexico. 
indica) and loose sIt (Ustilat.o 
tritici)at CIANO. ind lost dutroni Quality 
wheats had a higfh level of Doirum weliat is used for tihe 

resistance. 
 household production of chapatis. 

couscous, bulgur, and Mote, and for 
oowder inildewv (Ervsiphcgrainmiis) the indlustrial production ofoccurs illMexico. ht since spaghi 2t i. macaroni. and sniall 
incidence of the disease is too low pastas. All of tiles( prodtet s requIre
for effective screening. CIMMYT dtruimi wheal witli large, pl1unip.,
relies on its cooperators For vilreouls kernels, high protein alna 
obtaining resistait genotypes. pigllienlt colLent- aid strl-ong Io 

nieCliuni-st rong glut en. 
Screening for barley yellow dwarf 
(BYD) took place at Toluca under After harvest, tie seed of individual 
partially controlled conditions, plants is selected br grain type,

color, pnlmpness. and the absence 

g. , ',,.1
 

of yellow berry and black point. The 
F 3 and F 4 generations from CIANO 
are analyzed for pigment content as 
well. Only seed withi al least 5 ppm 
of earot enoids is kept. Approx
iniately 20% of the selected plants 
pass tle rigid grain selection 
procedures. Progenitors and 
adv:-'Ced liles are also evahlat cld for 
seed type. semolina )roduction, 
)iglllil content. protein cOlntent, 

glutein Stl'eriglli, and pasta 
lrocessing;: sonic higlh-yielding 
advanced lines of salisfaelory 
quality are compared to Mcxicali 75 
and 'lavalios 79 in Table 10. 

New Releases 

I)uring 1983 and 198-, iiiine duruni

wheal v'rieties we'cre released in six
 
(' 11). of, thesecountries (Table Seven 
varieties wcre developed alllost 
entirely by CIMNIYT. and thlie 
Chilean variety Aronio has 50% 
CIMMYT gerniplasnil. h'lhevarieties 
Karpasia. Celta, and Shani I are 
identical to or sister lines of Ilhc 
CIMMYT lines Frigate 'S'or Walia 
'S': the Chagual and -lelvio varieties 
are derivates of Yavaros 'S'. 

•A
 

Using a backpack blower, a field assitant Inoculates durum wheat for rust by spreading a mixture of rust spores and 
talcum powder on plants. 
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Table 1. Yield performance of six advanced lines at CIANO, 1982-83
 
and 1983-84
 

Yield
 
1982-83 1983-84
 

(% of (% of

Cross and pedigree (kg/ha) Yav79) (kg/ha) Yav79) 

Mal 'S' 	 7448 112 7202 122
 
CD 1894-3Y- 1Y-8M- 1Y-OM
 

Bta 'S' 
 7156 112 6995 118
 
CI) 13557-J-3Y-3M- 1Y-OM
 

Gull 'S' 
 7524 110 7027 119
 
CM 14646-C-1Y- 1M-1Y-4AU-0Y
 

CH67/Jo 'S'//TIIo 'S'/3/Kif 'S' 7267 114 6987 118
 
CD15413-6AL-Y
 

Gan 'S' 	 7393 117 8882 133
 
CD40150-1413-I Y-2M-OY 

WIlp 'S' 	 7048 118 
 7733 116
 
CD40509-A- 1M-3Y- IM-0Y 

Table 2. Performance of three recently released durum wheat
 
varieties, CIANO, 1983-84
 

1000-

Harvest Test kernel Plant 


Yield index weight weight Days to height Rust resistance"nce" 
Variety (t/ha) (%) (kg/hi) (g) maturity (cm) Leaf Stem Stripe 

Altar 8.1 8.20 -13.7 8-1.5 6-1.0 1311 95 5M 5MR 0
 
Niivaron 79 7.18 -16.-1 83.9 62.0 137 95 5MS 30S 0
 
Mc'xicali 75 7.16 -t9.9 83.2 67.0 
 130 90 60S 20MS 0
 

Table 3. Performance of seven advanced lines compared to Yavaros
 
79 at CIANO, 1983-84
 

Yield 	 1000-

Test kernel 

(% of weight weight
Cross and pedigree (kg/ha) Yav79) (kg/hl) (9) 

Mal 'S' 7202 122 83.0 69.6
 
CD 1894-3Y- 1Y-8M- IY-ONI
 

Care 'S' 695- 118 84.2 60.4
 
CD24831-A- 1Y-3M-l1Y-4Y-OM
 

Ful'S'/Goo'S'/3/7224/Warcl/
 
/Her'S' 57.6 6997 115 84.8
 
CD3797213- IM-2Y- 1M-0Y
 

Sin 	'S' 6699 110 83.7 58.2
 
CD38397-I- 1M-3Y-2M- 1Y-OM
 

Wuilp 'S' 	 7733 
 116 84.2 68.8
 
CD10509-A- IM-3Y- IM-OY
 

Tch1o 'S' 7406 111 85.1 61.4
 
CD,10553-D-3M.2Y- IM-2Y-OM
 

Ru I'S'/Fg 'S'//Ya,7- 6906 108 85.6 63.4
 
CD4 2,90-1 Y- IM-2Y-2M-OY
 

a Stripe rust lata from El Batan. 1984
 
M = Moderate: MR = Moderately


resistant: S = Suisceptible:

rISt S =Suscetile
 

MS = Moderately susceptible 
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Note: 150 mm water applied after 
seeding. 

Table 4. Performance of five advanced lines observed under reduced 
irrigation at CIANO, 1983-84
 

Yield 
Plant 

(% of height Days to
Cross and pedigree (kg/ha) Yav79) (cm) maturity 

Call 'S' 3715 127 105 110
 
CD34934-D-3Y-4M-1Y-1M-1Y-oM
 

CH67/Tern 'S'//Yav 'S' 2988 110 95 105
 
CD43837-B- 1 Y- IM-1Y-OM
 

6811 1/Rgb/AWard Resel/3/Stil 'S' 2884 107 100 110
 
CD39312-8B- IY-2M-2Y- IM-OY
 

'Tern 'S' 3007 111 100 
 103
 
CM 17835-13-2M-6Y-OM
 

Qfn/Gil 'S'//Gta SI/3/lbis 'S'// 2885 107 85 105
 
Mal 'S'/5/USDA573/Aa 'S'
 
CD25288-A-3Y-2M- IY-OY
 

Table 5. Yield " seven advanced lines at El Batan, 1984
 

Yield 
(% of (% of

Variety or cross and pedigree (kg/ha) Mex175) Yav79) 

6993/Ward7463//74110/3/ 6063 94 125
 
LdsMut/Teal 'S'
 
CD49030-3Y- IM- IY-3M-OY
 

Altar 84 
 6021 107 149
 
Yav 'S'/Shwa 'S'//Ren 'S' 5930 106 148
 

CD42798-14Y-1M-IY-OM
 
Yav79/4/Qfn/3/61.130/Lds// 5912 101 128
 

GII 'S'/5/Kol 'S'
 
CD5315 1-G- 1M-2Y- 1M-OY
 

6973/Ward7,t63i/74110/3/ 5865 
 91 121
 
LdsMut/Teal 'S'
 
CD49030-3Y- 1M- I Y-2M-0Y
 

Qfn/Gll 'S'//Gta 'S'/3/ 5771 103 143
 
Ibis 'S'/4/Mal 'S'/5/
 
USDA573/SBA81
 
CD25288-A-3Y-2M- IY-OY
 

Me-(75/Vic//Yav79 5641 96 122
 
CD52349-3M-2Y-3M-OY
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Table 6. Yield of seven advanced lines at Huamantla, 1984 

Yield 
(% of (%of

Cross aud pedigree (kg/ha) Mexi75) Yav79) 

Memo 'S'/Albe 'S'//Cta 'S'/3/ 4254 189 213 
Gu 'S'/Mexi 'S'//Rok 'S' 
CD54062-ID- 1M- IY-2M-OY 

Tc6O/Cit 'S'//Rabi S/Rok 'S'/4/ 4122 162 164 
Tern 'S'/3/Ibis 'S'IPH 158/I 
Gta S'/Ibis 'S' 
CD48495-C- 1M-4Y-2M- 1Y- IM-OY 

Cit71/MO6A581/Cit 'S' 4071 133 202 
CMH78A. 1108.113- 1Y- I B- IY-3B-OY 

Rok 'S' 3990 157 159 
CD 1895-12Y-oY-2E-3B-OY 

Frig 'S'/Ren 'S'//Ruff 'S'/Gta 'S'/3/ 3859 152 153 
Ren 'S'14/Apo 'S' 
CD49292- 1Y-2M- 1Y- 1M-OY 

Gcdiz 'S'/Cit71 3744 148 149 
CD32575- IB- IY- 1M-OY 

Ward/Yav79 3520 125 102 
CD52820-5B- IY-lM-OY 

Table 7. Yield and days to maturity of six advanced lines compared 
to Mexicali 75 and Yavaros 79 at CIANO, 1983-84 

Yield 

Variety or cross and pedigr:.; (kg/ha) 
(% of 

Yav79) 
(% of 

Mex75) 
Days to 

maturity 

Gan 'S' 8882 133 138 125 
CD40150-14B-1 Y-2M-OY 

USDA573//Cit 'S'/Plc 'S'/3/ 6939 106 111 125 
Gs 'S'/Tc60//MeAi 'S' 
CD27393-D-2M-2Y- 1 Y- 1 M-OY 

Hui 'S' 7122 109 114 125 
CD27137-1 M- 1 Y-4Y-OM 

Yav 'S'/Mex175 7483 113 116 124 
CD46262-7B-2Y- IM-OY 

Mite 'S'/Tad 'S'/4/Kif 'S'/ 6262 108 110 125 
/Rss/BD1419/3/Mexi 'S'/CP 
CD48250-C-2M-2Y- I M-OY 

Call 'S' 6826 102 109 125 
CD34934-1-3Y- I M-2Y- IM- iY-2M-0Y 

Mexicali 75 126 

Yavaros 79 131 
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Table 8. Incidence of aphids and major diseases in durum wheat at different locations in Mexico, 
1983-84 

Rust 

Location 
Cropping 
period Leaf Stem Stripe 

Helmintho-
sporium spp. 

Septodla 
spp. 

Fusarium 
spp. 

Cd.Obrcgon Nov-May Ma H A L A L 
Los Mochis Dec-May L A A L A A 
Hermosillo Dec-May A A A - A A 
Rio Bravo Jan-May M L A L A A 
Poza Rica Nov-Mar H L A H A M 
Toluca Nov-Jul L L L L H M 
Toluca May-Oct I, L L L H H 
El Batan May-Oct H M M L L M 
Lagunilla May-Oct L L L M A H 
ttuamantl-i May-Oct L L M L L L 
Patzcuaro Nov-Mar A A L L H H 

Location 
Cropping 
period Smuts Bunts Mildew Bacteria BYDVb OFSVc Aphids 

Cd.Obregon Nov-May A L A L L A M 
Los Mochis Dec-May A A A L - A M 
Hermosillo Dec-May A A A L - - L 
Rio Bravo Jan-May L A L L L - L 
Poza Rica Nov-Mar A A M L A L L 
Toluca Nov-Jul A A A L H L L 
Toluca May-Oc: A i A M M L H 
El Batan May-Oct L A L M M M H 
Lagunilla May-Oct A A A L L L L 
Hvamantla May-Oct A A A M L H M 
Patzcuaro Nov-Mar A A A L L A L 

a H = High, M = Moderate, L Low. A = Absent, - = No information 

1) BYDV = Barley yellow dwarf virus 
c OFSV = Orange Free State virus 

Table 9. Frequency of stem aad leaf rust resistance in entries in 
durum wheat nurseries at CIANO, April, 1984 

Incomplete 
No. Complete resistance 
of resistance (severity between 

Nursery entries (severity = 0%) trace and 20%) 

CB Spring CIMMYT 340 
Stem rust .14 .36 
Leaf rust .04 .64 

CB Winter CIMMYT 112 
Stem rst .1R .53 
Lcaf rust .03 .63 

CB Spring ICARDA 155 
Stem ist .07 .33 
Leaf rust .13 .69 
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Table 10. Quality characteristics of seven advanced lines compared 
to Mexicali 75 and Yavaros 79, 1984-85 

Test Protein Yellow Note: All entries have strong gluten
weight in semolina PigmeiJ berry except Yavaros 79. which has

Variety or cross and pedigree (kg/hl) (%) (ppm) (%) medium-strong gluten. 

Auk 'S' 85.2 10.3 7.2 4.4 
CD25126-A- I Y-3M- I Y- 1 Y-OM 

USDA595/Dack 'S'//Rok 'S' 83.4 11.4 5.7 1.0 
CD27402-D-2M- IY-4Y-OM 

Mcdiuim/Kl'f 'S'//Sapi 'S' 83.0 11.3 6.2 0.8 
CD27945-5B-lY-2Y-OM 

Aix 'S' 83.9 12.0 5.6 0.6 
CD3 1119-13- IY-I Y-2M-2Y-OM 

Sn 'S' 84.3 11.5 5.4 1.6 
CD38397-13- IM--tY-4M-2Y-
IM-OY 

7175.711 l0/3/'vagh72/Fg 'S'// 83.1 10.2 7.4 1.6 
Cr 'S'/USA2299/4/ 
Mcxi'S*/Gta 'S' 
CD44016-A-3Y- I M- 1 
1M-OY 

Cnco/4/Jo 'S'/Cr'S'//USA 1679/3/ 84.1 11.2 6.6 0.8 
Jo "S'/Cr 'S'/5/Mal 'S'
 
CI)47499-C-1 M- 1Y- IM-

IY-OM
 

Yavaros 79 83.9 8.8 4.4 15.0 

Mexicali 75 83.2 8.8 5.4 33.8 

Table 11. New durum wheat varieties released around the world, 

1983-84 

Variety Crods and pedigree Country 

Aromo INIA Stw63/GlI "S'/Aa 'S' Chile 
A 13979-3P-2IP-3P 

Chagual INIA 21563/Aa 'L3//Fg 'S' Chile 
CM9799-126M- 1M-5Y-OM 

Karpasia Ple 'S'/Ruff S'//Gta 'S*/Rtte Cyprus 
CM1 7904-B-3M-I Y- lY 

Altar 84 Ruff 'S'/Fg 'S'//Mcxi75/3/Shwa 'S' Mexico 
CD22344-A-8M- 1Y- 1M- 1Y-2Y- 1M-OY 

Acsad 65 GdoVZ469/3/Jo 'S'//61.130/Lds Morocco 
CM470-1 M-3Y-OM 

Marzak BD 113 Morocco 

Celta Plc 'S'/Ruff 'S'//Gia 'S'/Rtte Portugal 
CM7904-B-3M-1Y-OM 

Helvio 21563/Aa 'S'//Fg 'S' Portugal 
CM9799-126M-5Y-OY 

Sham 1 Plc'S'/Ruff 'S'//Gta 'S'/RtIc Syria 
CM 17904-13-3M- I Y- I Y-OSK 
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Triticale 
G. Varughese, E.E. Saari, and 0. Abdalla 

Introduction drought and to acid soils, high
Triticale tends to perform better milling and baking quality, and 
than wheat in acid soils, at high earliness are also considered 
elevations in the tropics, and in important factors in tie improve
semiarid environments, all of which ment t)rocess. 
are important target areas for the 
varietal improvement work at Tritit ale is a major small grain crop
CIMMYT. in only a few countries, but its 

importance is increasing (Table 1).
The program's primary objective is In 1978. only three spring triticales 
to produce widely adapted germ- had been released in the world. 
plasm with the capacity for high Today there are 56 sprimg-habit
yields. This objective is accom- triticale varieties released in 18 
plished by making numerous different countries. Many of these 
crosses among various forms of are new releases still under seed 
primary and secondary triticales and multiplication, but once these 
hexaploid wheat. Intensive selection varieties come into production the 
pressure is applied for yield, test area devoted to the cultiVation of 
weight. and resistance to diseases this crop should expand rapidly.
found in Mexico. Such characters as CIMMYT anticipates that with this 
sprouting resistance, tolerance to 

TV. 

• , . ., 


expansion, there will be an increase 
in the number, incidence, and 
severity of diseases reported. 

Expansion of 
the Germplasm Base 
A dynamic crossing program to 
combine yield, test weight, 
adaptation, stability under 
environmental stresses, and 
resistance to diseases is essential to 
Ihe success of a plant breeding 
program. During 1984, 6301 crosses 
were made (Table 2). 

To develop varicticr, that satisfy the 
program's primary objectives, it is 
essential to expand the germl)lasm 
base through the introduction of 
new gnetic variability. CIMMYT is 
working toward this goal in several 
ways: 

!,
 

Dr. G. Varughese (left) and Dr. E.E. Saari (right)of the triticale program. 
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* 	By producing new primary 

triticales: 


* 	By making direct crosses between 
triticales and bread wheats, and 
then backcrossing to triticales: 

0 	By crossing spring triticales with 
winter triticales, and then 
backcrossing to the spring types: 
and 

s 	 By introducing prinr,-ry and 
secondary triticales from various 
programs around the world. 

Production of primary 
triticales-Inadequatc variability in 
resistance to the new stein rust 
races in Australia demonstrated the 
need to expand the triticale 
germplasm base rapidly. With this 
necessity in mind, an intensive 
effort was made to produce primary 
triticales using tile best durum and 
bread wheats in combination with 
the ryes available in the program. A 
total of 412 crosses were made; of 
these, 209 were successful and 445 
hybrid plants w\,ere obtained. These 
plants are presently undergoing the 
chromosome doubling process. 

Successful hybrid plants were 
obtained in 56% of the crosses 
between durum wheats and rye. 
However, when two different rye
varieties were used as pollen parents 
with each durum variety, the 
percentage of success increased to 
87% (Table 3). The total number of 
crosses made with two pollen 
parents is rather small, but 
preliminary evidence suggests that 
to increase the number of successful 
new primary triticales the rye pollen 
source needs to be diversified. The 
factor(s) for incompatibility of sonic 
duruns and rye parents have not 
been established. 

Introgression of genes from 
bread wheat-Most of the crosses 
between triticale and bread wheat 
produce some viable seed. Although
the hybrid is highly sterile onl the 
pollen side, there is greater ovule 
viability. These hybrids can be 
successfully backcrossed to triticale. 
all the complements of which can be 
reconstituted. Crosses of this kind 
allow for the modification of the A 

and B genomes, thereby enhancing 
variability. During 1983-84, 226 
hybrids were obtained and 92 of 
them were successfully backcrossed 
to 	triticale. 

Variability from winter 
triticale-Another way to introduce 
variability is through the use of 
wvinter triticales. Some of the best 
ryes in the world are winter types. 
Since it is assumed that some of the 
good winter-habit triticales carry the 
desirable characteristics of these 
ryes. they are used in the crossing 
program. Such crosses are made
primarily to introduce variability to 
the R genome and at tile same time 
to 	modify the A and B genomes. A 
total of 127 winter x spring crosses 
w\'ere madc during 1983-84. In 
triticale, as in wheat, the spring 
character is generally dominant over 
the winter habit. Tile most 
pronlising Fls were backcrossed to 
the best available spring triticales, 
and the program is presently 
evaluating 241 crosses of this type. 

Evaluation of material from 
collaborators-A total of 186 lines 
and varieties received from 
collaborators in various national 
programs and universities are under 
evaluation. The best of thes,!are 
used in the crossing program to 
further expand the gernplasm base. 

Breeding Objectives 
Yield-Data from trials carried out 
in Mexico. national programs, and 
international nurseries are used to 
achieve the program's principal 
objective of attaining high and 
stable yields across environments, 
During the 1983-84 cycle, 910 
advanced lines were evaluated in 
yield trials. Varieties with proven
potenti, 1,such as Canianea, Caborca. 
Alamos, and Eronga. were used as 
the check varieties. One hundred 
and twenty-one advanced lines 
yielded better than the check 
variety. and sevent-six of those 
lines also had better tests weights
than tile best chec-k. Results of tile 
best 25 lines are reported illTable 
4. The Sixteitb International 
Trilicale Screening Nursery (ITSN). 
consisting of 250 entries, was 
constituted on tile basis of these 
results. 

Adaptation-The 16 t0 ITSN was 
planted as a yield trial during the 
198.4 summer cycle in i'oluca, El 
Batan. and Huamantla. Lines 
showing stable productivity across 
these three locations and CIANO are 
reported in Table 5. 

Test weight--Test weight 
influences consumer acceptance of 
triticale as food for human 
consumption, and affects flour yield 
as well. At present, it is not diflicult 
to obtain acceptable test weights 
under good crop production 
conditions at CIANO. Extreme
selection pressure is exercised at 
this location. and no advanced line 
with a hccioiitcr weight below 73 
kg/hli is kept unless it has some 
special attributes. Obtaining good 
test weight under difficult growilg 
conditions is still a problem, and 
CIMMYT has started applying heavy 
selection pressure for this character 
during the summer cycle at Toluca 
and El Batan. Table 6 lists some of 
the best advanced lines showing 
stable test weights across four 
different environments. 

Maturity 
The development and distribution of 
germplasm is CIMMYT's primary 
function. The Center collaborates 
with almost all the triticale 
profgrams around !he world, and 
because these progranis are located 
in 	diverse agroclimatic zones, 
CIMMYT selects for many maturity
classes. Tile 910 advanced lines 
grown at CIANO duiring 1983-84 
were grouped into various maturity 
classes (see Figure 1). The pre
dominant group conmpr'ises a 
medium numubcr of days to 
flowering and to maturation. The 
Iwo groups with the lowest 
frequency were 1) late to flower and 
early to mature, and 2) early to 
flower and late to mature. 
Correlations between days to 
flowering and days to maturity in all 
35 trials were highly positive, 
ranging from 0.491 to 0.866. 

Table 7 is a comparison of days to 
flowering and days to maturity 
between bread wheat and triticale. 
Twenty-bfour early tritieales were 
cot pared to two early bread whoats 
(Ila 66 and Sonalika). The triticales 
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generally flowered one week earlier 
than the bread wheats but matured 
at about the same time as the 
wheats. It was found that the early, 
triticales in this stud, behaved more 
like Inia 66 than Sonalika; the two 
V 'eat varieties and tile earl, 
triticale all matured in about 115 
days, but Sonalika flowered about 
11 days L-rlier than tie others, 

The triticale program at CIMMYT 
uses a modified bulk breeding 

method for ciop improvement. 

Details of this methodology were 

discussed in previous reports. 

However, the pedigree method is 
still used when special traits are 
being sought. Earliness is one such 
trait, and selections are made from 
all the F2 populations that segregate
for this character. These selections 
are then managed all the way-
through the development process 
using the pedigree system. Fift)'-six 
advanced lines were tested for 

earliness and yield during the 
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1983-84 cycle. The three best lines 
were comparable to Sonalika in 
maturity and are listed in Table 8. 

A strong positive correlation was 
found between grain filling per day 
(ant'iesis to maturity) and yield. The 
correlations in 35 trials ranged frol 
0.623 to 0.897. Lines having more 
than 200 kg/day ffrain-filling 
capacity are reported in Table 9. In 
addition to excellent grain-filling 
capacity, almost all of these lines 
had excellent yield and test weight. 
The grain-filling period across all the 
trials and lines ranged from 33 to 61 
days. and lines having good grain-
filling capacity ranged from 34 to 47 
days. It is also worth noting that 
these lines fall into all of the 
naturity classes. 

Drought Tolerance 
D)rought tolerance is one of the 
performance characteristics 
expected of triticale, because of the 
presence of the rye component. 

IAll 
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Figure 1. Percentage distribution of maturity classes of 910 triticale advanced lines,
CIANO, 1983-84 (the first letter refers to flowering and the second to maturity). 

Selection pressure under droughty 
conditions has not been )racticed 
systematically so far, but tile 
program hopes to give higher 
priority to drought tolerance in the 
future. This wil be done in 
collaboration with ICARDA and by 
using selected siles in Mexico. 

Four yield trials were planted at 
CIANO under reduced irrigation in 
1984. One irrigation was applied at 
ill( time of planting and the second 
at ite time of flowering. The same 
trials were repeated under full 
irrigation. The correlations for yield 
varied ill these two sets of trials 
from 0.102 to 0.382. Lines that gave 
rqood perfornance under both 
condi. ns arc listed ill Table 10. 

A selection lroin the cross Civet was 
included as a check variety in all 
these trials because of its known 
ability to perforhi well under 
drvland and irrigated conditions. In 
all trials. the check variety per
formed extremely well under both 
limited and full irrigation. 

Preharvest Sprouting 
Preharvest sprouting is a problem in 
many, of the target areas for triticale. 
A program to select for sprouting 
resistance was initiated in 1982 by
subjecting unore than 200 segre
gating populations to laboratory
 
conditions to induce sprmting. The
 
best 25 poptulations were selected 
for planting at Toluca in January
1983, so that the crop would come 
to maturitv during tile peak of the 

rainy season. Based on thne 1983
 
results, 13 populations we'cre
 
discarded. The rcmaining 12 
populations were subj(,,,1ed to 
another selection cyclc at Toluca in 
1984. After thme crop matured. it was 
exposed to rain ill the field for one 
additional month. Forty spikes werc 
selected at random Iroin each of 
these popllations. These spikes 
Iuwere idividllally t 'hrslnedl 

sproulting percentages. which ranged 
from aoI 11% to 42% (Table 11). 

ilie populations an-(- being carried 
forward for one iore cycle of 
selection under tilte same conditions. 
At the end of that cy-lec, individual 
)lant selections will be made to 

isolate pure lines. 
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A good quantity of parental material 
was also subjected to the same 
treatment. Results for 17 lines that 
underwent two cycles of sproting 
stress are reported in Table 12. 
Sprouting percentage was estimated 
in the same manner as for the 
segregating populations. The lines 
ranged from about 1.5% to 47% 
sprouting. Pika 'S'. showing only 
1.5% sprouting, was outstanding, 
followed by Mula 'S' and Llama-F3 
Spy x Bgl. 

A number of lines with good 
sprouting resistance have been 
identified in Brazil. Many crosses 
using these lines and those 
identified at CIMMYT will be made, 
and, to further improve the 
sprouting resistance of ttriticale. 
these crosses will be subjected to 
the same kind of screening 
described above, 

I. 

Dwarf Complete Triticales 
Triticale germplasm handled at 
CIMMYT is divided into two classes: 
substituted types and complete 
types. These two types can generally 
Le identified ir, the field based on 
their plant ain, spike morphology. 
Complete type:; lend to be taller, 
later, and have a long lax spike, 
whereas substituted types are 
shorter with a compact spike. Until 
recently, the complete types were 
very tall, but a few years ago an 
effort was made to look for shorter 
types among the complete types. 
The breeding lines Beaguelita, Ram. 
and Giraff were the first of this 
group to be identified. A list of the 
most promising senlidwarf complete 
triticales is provided in Table 13. 
These lines are 10-25 cm shorter 
than B3eatle. a widely adapted 
complete triticale; they typically 
have a height range of 110-125 cm, 
which seems to be more useful than 

the height of Beagle or Eronga. The 
breeding prcgram is making 
extensive use of these lines to 
reduce the height of the complete 
triticales to a more acceptable level. 

Tolerance to Acid Soils 
Triticale tolerates acid soil 
conditions much better than does 
wh:,at. Laboratory tests indicate that 
a much higher level of acidity can 
lxc used wh,"n screening triticale for 
acid soil tolerance. A number of 
segregating populations were 
subjected to laboratory screening a 
year ago and selections are now in 
the F4 t;tage. Beginning this year. a 
set of all segregating populations 
Wii i be planted at Patzcuaro, where 
Ic, oils are acidic. Subjecting 
populations to these sclection 
conditions should enhance triticale's 
inherent potential to perform well in 
acid soils. 

1 / 

/
 

Pre-harvest aprouting limits triticale yields in regions where moisture levels are high near harvest, as in East Africa 
and Brazil. 
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Table 1. World distribution of triticale 

I2 CIMMYT sur'vcv 

S = Spring type
%V= \Vititer IYpe 

Country 

Aigeitina I 
Ansl rd iia2 

Atistriil[{t'l itllll l 

Conr 
Growthhbt{a 

Itbii 

S 

S 
WW 

Area 
(ha) 

10.000 
160,000 

-
0 

lr~izil I 
3nlg1arai 

(?aila(hi 2 

Chili 
China I 
Federal ltpl)ublic of Germany 2 
France 2 

Grcc(.,, 
I Iinyvty v 1W 
India12 

ltaIy 1
hcn\'a 

S 
W 

S + W 
S 
W 
W 

W + S 
S 

S 

S
S 

1,500 
10,000 
6.500 
-

25,000 
7,000 

120,000 
-

5.000 
500 

15,000 
-

aixenibiir l 
Madagascair 

W 
S 

400 
-

Mexico I 
Nctlhcrhinds 2 
INetv Ze~laland 2 

Pakistan 
polan(12 

Portjnja11 2 

Sotli Afrie'i 1 

Spain I 
Switzerlandc12 
Tan tz~jjnia-2 
Tunisia2 
UK 2 

USA1 

uss 1 

Total 

S 
W 

%V - S 
S 
W 
S 

W 4 S 
S 
W 
S 
S 
W 

W + S 

\V 

8.000 
1,000 

150 
-

40,000 
7,000 

15,000 
9,000 
5,000 

380 
5,000 

10,000 
60,000 

250.000 

771.830 

Table 2. Crosses realized during 1984 

Type of crosc Number 

Sitiglh' losss 

'ee(' way 'iNclo55 ( 
"V'ilter" x splillti c I(j'; (S 
Winrte x spljriti lit,'tros.cditto spling 
Tritica.l \ wi al 'i, ss(i. 
Triticalh x w lcaI)t'keri is i Mriitiliea1e 

(Os~ss lp I)Oh(IileI j)riialar tilicials 

3852 
1351 

127 
2,I1 
226 

92 
412 

"l l l 'l'O ;; s 630 1 
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Table 3. Summary data on production of primary triticales 

Hexaploid Octaploid 

Nimber of fliorl- pollimatc 14070 7801 
Nitiiii)er of floits with,tiS set 4906 469 
ler'elnltagc of secd sel 34.87 6.01 

Nutlwr of seeds witli eih %rvos 2943developed 371 
Peretitage of seefs wi t1 (Ienbi'yo 59.99 79. 1 1 

Nitfl)cr of plans oh(taiiied 316 129 
ltie(tat~c (f dc'elopiiig into plants 10.74 3.4.77 

Total iiiler of hyrid erosses made (dt,: uT x rye) 258 154 
Numbher of stieccessfiil cOii)ifiiat ios 144 65 
Pt'l'r'lltlge of' sltiU ssfii ol 55.81 42.21, bilalt ionlls 

NiniInh" ofi1"(11110 vairics cro-,scd with two 23 
dl!f(.I'CIll i-%,(. l)olhil ]);1r¢clils 

Nitiji)er of durtiiii varitics prodiieing hyrids 20 
ere'itag,c ,)I' Steessh1l cl-osses 86.96 

Nrolwir of durtin1o \rict ics 'r(ossed \\ithi only one 212 
I-yev1)011(11 pale'it 

Niiiiiber of d rtiiiii \'itis l)rod ciiig hyhrids 113 
l(''(cei;ag( of) 1ti(ce5f-ill ('cIos - 56.6 

Table 4. Triticale advanced lines with high yields and acceptable test weights, CIANO, 1983-84 

(continued) 

Grain Yield as Test 

Line 
Yield 

(kg/ha) 
Maturity 

classa 
filling 
(g/day} 

percentage 
of best check 

weight 
(kg/hl) 

Faro 'S' 7677 1.1. 1.83 115.8 75.1 
B-2264-OY- 103 

Rai 'S'-E-oiiga83 8375 I'M 1.99 112.7 72.0 
CT. 1252-3Y-3M-OY 

Grizzly 'S' x Plr 'S*-Castor ' 8063 MM 1.92 108.6 77.3 
X-64399-4Y- I M-4 Y-OM 

Eda 'S' x M2A-Za75 8848 MM 2. 11 109.1 75.0 
X-61039-6M- IY-1 M- 1Y-OM 

(il 'S' x Cno-Galo/13ta 'S' 8418 MM 1.87 114.9 70.5 
X-60446-9M-1V-2M- 1Y- 1yI-013 

it 'S'-Castor 'S' x 1lta 'S' 7521 MM 1.79 107.1 73.7 
X-608:39-:3M- 1Y-3M-3Y- 1Y-013 

FS381-FS477 x Toro 'S'/Tc 'S' 7589 MM 1.47 108.0 76.0 
X-6 1270-B- I M-2Y- I M-I Y-I Y-OB 

Miila 'S'-Rai 'S' 8159 LM 2.09 108.5 72.0 
X-52913-60Y-2M. I Y- I M-]1 Y- 1Y-0 

Gnu .S 8650 MM 1.68 107.1 75.2 
13-6912-078-27Y- 1\'-OM 

Stier 'S" 8236 LM 1.87 102.0 76.5 
1-67 12.159-2Y-2Y-0M 

Ll'loll 'S' 8381 MM 1.86 103.8 76.3 
13-6811-2-16-,Y-2Y-OM 

Tatt 'S' 8489 ME 2.12 105.1 76.2 
B-5644-778-2Y-3Y-OM 

PF'T 7717 x M2A-l3 'S'/3ok "S'-Lig 'S' 
(?Tl.51I36-H-2M-3Y-OM 

8681 ME 2.02 107.5 77.3 
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Table 4 (continued) 

Grain Yield as Test 

Line 
Yield 

(kg/ha) 
Maturity 

classa 
filling 
(glday) 

percentage 
of best check 

weight 
(kg/hl) 

Tapir 'S'-Bok 'S' 8234 EE 1.87 105.7 75.8 
CT. 1818-5Y- 1M-I Y-OM 

Tapir 'S'-Boa 'S' 9676 MM 2.06 111.5 77.2 
CT. 1830-,tY-3M-3Y-OM 

Tapir 'S'(E3-Arm 'S' x M2A/Adx 'S') 9588 LL 2.08 110.4 75.8 
CT. 1829-9Y-2M-2Y-OM 

Ye75 x IRA-Cml 'S'/Tge 'S' 8209 MM 1.87 106.2 77.7 
X-66340-6Y- 1M-2Y-OM 

Kodiak 'S 7989 EM 2.10 107.9 77.3 
X-63181 -C-I Y-6M- 15Y-5Y-OM 

Pol 'S' x Rm "S'-Ptr 'S' 7730 MM 1.68 109.4 77.0 
X-64675-3M-4Y-4M-2Y-OM 

Caborca 79 x Ptr 'S'-Castor 'S' 7562 ML 1.68 107.0 73.9 
X-63844-8M- IY-4M-2Y-OM 

Pnd 'S'-Castor 'S' x Spd 'S' 7530 LL 1.57 106.6 75.0 
X 64422-3M-6Y-3M-1-OM 

Rm 'S' x KaI-Bb/Spd 'S' 7755 MM 1.58 104.0 75.7 
X-66160-1 M-3Y-2M-2Y-OM 

Pd 'S'-Msf 'S' x Tgc 'S' 7642 MM 1.59 107.2 77.2 
X-66216-4M-2Y-2M-2Y-OM 

Kodiak 'S' 7431 LL 1.81 107.3 73.7 
X-63181-B- 1Y-2M-2Y-3Y-OM 

Alanms 83 x F6.74-Trm 7454 LL 1.73 107.6 74.4 
CT. 1352-2Y-1Y-OM 

a LL 
MM 
EE 
LM 

= 
= 
= 
= 

Late heading, late maturity 
Medium heading, medium maturity 
Early heading, early maturity 
Late heading, medium maturity 

ME 
EM 
ML 

= Medium heading, early maturity 
= Early heading, medium maturity 
= Medium heading, late maturity 

Teble 5. Entries from the 1 6 th ITSN that showed yield stability across four environments in Mexico, 
1984
 

16 th 	 CIANO a El Batan Toluca HuamantlaITSN Test Test Test Test
entry Variety or Yield weight Yield weight Yield weight Yield weight

no. cross and pedigree (kg/ha) (kg/hl) (kg/ha) (kg/hl) (kg/ha) (kg/hl) (kg/ha) (kg/hil) 

5 Civet 'S'. 1 	 - 72.70 5583 71.45 7076 64.05 4355 65.30 
B-2658 

10 Civet 'S'.2 - - 5826 72.85 6076 62.80 5261 67.70 
B-2658 

46 Gnu 'S' 7588 75.50 5681 71.15 6375 67.90 4950 67.10 
B-6912-062-1I Y- IY-OM 

47 Gnu 'S' 8596 - 5667 72.75 5909 59.40 4658 66.55 
B-6912-071-20Y- I Y-OM 

49 Gnu 'S' 8650 75.20 6215 73.65 5500 68.85 5058 66.95 
B-6912-073-22Y-3Y-OM 

59 Uron 'S' 8381 76.30 5639 73.70 6937 67.70 4061 65.55 
13-6811-24 6-4Y-2Y-OM 

63 	 Pipit 'S'-1158.57 x
 
UC90(Mus 'S'-MA/ 8050 76.70 6806 73.10 6666 63.05 3155 
 65.30 
Drira-IA x 13g] 'S')
 
B-5576-447-1 Y- 1Y-OM
 

(continued) 
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Table 5 (continued) 

16 th CIANOa El Batan Toluca Huamantla 
ITSN Test Test Test Test 
entry 

no. 
Variety or 

cross and pedigree 
Yield 

(kg/ha) 
weight 
(kg/hl) 

Yield 
(kg/ha) 

weight 
(kg/hl) 

Yield 
(kg/ha) 

weight 
(kg/hl) 

Yield 
(kg/ha) 

weight 
(kg/hl) 

124 Pnd 'S'-Abi 'S' x IA(2) 9004 74.60 6104 70.25 8048 68.25 3(388 68.25 
X-60518-1MP-1Y- IMP
2YP- 1MP-2YP-0M 

127 Rabi 'S'-Rye9 x Pnd 'S' 6464 76.30 6118 69.75 6430 68.85 4063 70.60 
X-57093- 1MP-5Y-2M P
11 YP- I MP-4YP-OM 

150 Cananca 79 6729 - 5931 64.00 6194 57.40 4513 62.90 

160 Pid 'S'-Abn 'S' x IGA-IRA 7386 76.60 6333 72.35 6284 63.70 3605 66.10 
X-47171-F-4M-7Y-1Y-
2M-3Y-2M-OY 

165 Eda 'S'-Cananca 79 7817 73.50 5757 71.45 6562 61.10 4116 66.25 
CT- 1824-4Y-4M-OY 

197 IA-M2A/Ye75 x IRA-Crnl 'S' 7289 76.50 6222 69.80 6340 62.45 3947 67.25 
CT-591-7Y-3M-2Y-OM 

201 Tapir 'S'-Bok 'S' 8234 75.80 6528 72.15 6527 60.65 4:336 67.40 
CT-1818-5Y-1 M-IY-OM 

208 Tapir S' x Pnd 'S'-Rm 'S' 7277 77.10 5514 74.70 7562 63.95 4561 69.95 
CT-1833-14Y-3M- 1Y-OM 

209 Tapir 'S' x Pnd 'S'-Rm 'S' 7517 76.50 6264 71.70 7944 60.55 4966 66.50 
CT-1833-15 Y- 1M-2Y-OM 

212 Ye75 x IRA-Cml 'S*/Tge 'S' 7558 76.70 5736 69.80 6611 59.25 4252 68.10 
X-66340-5Y-5 M-2Y-OIM 

214 Nv 'S'-Bgl 'S' x Spd 'S'-
Ptr 'S' 7572 74.50 6782 70.15 6277 56.75 3636 66.65 
CT-2276-A-4Y-2M-2Y.OM 

241 Ptid 'S'-Msi 'S' x Tgc 'S' 7462 77.20 5729 75.20 7277 59.00 4905 68.60 
X-66216-4M-2Y-2M-2Y-OM 

243 Pnd 'S'-Lnc 'S' x Tge 'S' 6462 - 5875 72.55 7361 63.65 4144 67.05 
X-66229-2M- IY- 1 M- 1Y-OM 

244 Pnd 'S'-Lnc 'S' x Tge 'S' 7132 73.70 5729 72.75 6265 62.85 4755 67.45 
X-68229-2M- 1Y'- 1 M-2Y-0M 

a 1983-84 cycle 

Table 6. Lines showing stability in average test weight across four different environments in Mexico, 

1 6 th ITSN. 1984 

1 6 th 
ITSN Average test weight 
entry Variety or (kg/hl)
 

no. cross and pedigree 
 CIANO El Batan Toluca Huamantla 
43 Gnu 'S' - 71.75 69.40 70.65 

B-6912-054-4Y-2Y-OM 
44 Gnu 'S' 71.40 73.80 69.75 67.50 

I3-6912-055-5Y-3Y-OM 
45 Gnu "S' 76.30 72.35 68.50 66.70 

49 Gm 'S' 75.20 73.65 68.85 66.95 
13-6912-073-22Y-3Y-OM 

62 Uron 'S' 76.60 74.35 69.60 66.40 
B-6811-270-27Y-3Y-OM 

75 Tapir 'S' - 72.40 70.70 67.70 
X-36471-22M-2Y- I M-2Y-2Y-OM 

(continued)
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Table 6 (continued) 

16 th
 
ITSN 

entry Variety or 


no. cross and pedigree 


78 Dingo 'S' 
X-41047-A- iY-2M- 1Y-2Y-OM 

93 Mustang'S' 
X-63377-E-2Y-2M-OY 

109 IRA x Bb-Cha/Inia-Tk x CMH73A.785 
X-60557- 1YP-2MI-2YP2MP-OY 

114 Bnd3-Rat 'S' 
X-59586-4MP- IY-IMP-1YP
1MP-OY 

116 MN72130-Ryc4 x M2A-IRA/PoI 'S' 
X-61595-A-I NIP- IY- I MP-4YP
2MP-OY 

117 BNd 'S'-Klia 'S'/USA IV S.718-
Spy x Gpr 'S' 
X-61678-1)- 1MP-4Y- I MP-5YP-3MP-OY 

118 FSIO18-Bid 'S' 

X-56733- IYP- 1MB- 1YP-2MP
2YP-OM
 

119 FS1018-Nd "S' 
X-56733- YI 1MB- 1YB-2MP
3YP-OM 

122 Pnd3-Rat 'S' 
X-59586-4MB- I Y-I MP- I YP-
2IP-4 YP-OM 

123 Bnd 'S'-Abn 'S' x IA(2) 
X-60518- 1MB- I Y-I MP-2YB
1MB- 1YP-OM 

125 Ind 'S'-Abn 'S' x IA(2) 
X-60518-1 IMP- 1Y- 1MB-2YP-
5MB-I YB-CM 

126 Cit 'S'-Sp'/Inia-Tk x CMI-173A.785 
X-60529-2MB-7Y- 1MP-9YP-2MP
2YP-OM 

127 Rabi 'S'-Ryc9 x Pinid 'S' 
X-57093-IMP-5Y-2MP-I IYP
1MP-4YP-OM 

128 Rai 'S'-Ryc9 x Pnci S. 
X-57093-1 MP-5Y-2MP- 11 YP
3MP- IYP-GM 

129 Rabi 'S'-Rye9 x Pnd 'S' 
X-57003- 1MP-5Y-2MB- 11 YB
3MP-4Y B-OM 

130 Rabi 'S'-Ryc9 x Pnd 'S' 
X-57093- 1MP-5Y-2MP- 11 YP
3MP-5YNP-OM 

146 BvA-Pnd 'S' 
X-49029-8Y-3M-2Y.4M-OY 

Genaro (bread wheat) 

Sonalika (bread wheat) 

Scri (bread wheat) 

CIANO 

-

73.40 

76.40 

75.90 

76.00 

75.50 

77.00 

76.10 

76.10 

75.00 

75.00 

76.40 

76.30 

76.50 

76.60 

77.60 

70.30 

82.00 

80.30 

80.60 

Average test weight 
(kg/hl) 

El Batan Toluca Huamantla 

72.80 71.90 70.30 

71.25 69.45 68.00 

70.20 70.20 68.40 

72.15 70.90 69.95 

70.55 70.10 69.25 

68.75 69.55 70.00 

70.95 39.65 69.95 

71.25 70.55 70.05 

73.15 67.50 68.30 

72.15 69.70 67.05 

71.65 72.20 69.10 

72.55 69.20 66.45 

69.75 68.85 70.60 

70.70 69.75 72.15 

68.95 70.35 71.60 

69.20 69.95 72.25 

72.80 66.30 71.75 

76.86 72.32 75.65 

-5.65 71.55 75.00 

73.50 69.55 73.80 
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Table i. Comparison of days to flowering and maturity in bread 
wheats and triticales, CIANO, 1983-84 

Days to Days to 
Bread wheat or triticale flowering maturity 

Average of tie bread wheat check varieties 

Ser, Genaro, aind Glenoson 88.50 128.50 

Average of triticales 80.96 127.35 

Average of 24 early triticales 70.67 115.58 
Average of bread wheat variety Inia 71.50 115.00 
Average of bread wheat variety Sonalika 60.00 115.00 

Table 8. Performance of three early triticale lines compared to Sonalika, CIANO, 1983-84 

Yield 
(% of Test 
Sona- weight Days to Days to 

Line or variety (kg/ha) lika) (kg/hl) flowering maturity 

Cit 'S'-Spy/Inia-Tk x CMH73A.785 8015 120.0 74.8 80 117 
X-60529-2MP-7Y- 1MP-9YP-2MP-OY 

(IRA x Bb-Cha/Inia-Tk x CMH73A.758) 7050 105.6 71.9 68 115 
M1 A-Pi62 
X-63166-E- 1YP- 1MP-5YP-2MP-OY 

IRA x Bb-Cha/Inia-Tk x CMH73.A.758 6755 10!.2 74.2 77 115 
X-60557- 1YP-2MIP-5YP- 1MP-OY 

Soiialika (bread wheat) 6678 100.0 80.3 60 115 

Table 9. Lines with good grain-filling capacity (i.e., producing more than 200 kg of grain per day from 
flowering to maturity) 

Line or variety 
Yield 

(kg/ha) Ranka 

Test 
weight 
(kg/hl) 

Days to 
flowering 

Days to 
maturity 

Days of 
grain 
filling 

Grain 
filling 

(kg/day) 

Pnd 'S'-Abn 'S' x IA(2) 9004 1 74.6 87 123 36 250 
X-60518-1MP- 1 Y- 1MP-2YP- 1MP
2YP-OM 

Cit 'S'-Spy/Inia-Tk x CMtI73A.758 7518 9 76.4 85 119 34 221 
X-60529-2MP-7Y- 1MP-9YIP-2M P
2YP-OM 

Cit 'S'-Spy/Inia-Tk x CMH73A.758 8015 1 74.8 80 117 37 217 
X-60529-2MP-7Y- IMP-9YP-2MP
0Y 

(continued) 
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Table 9 (continued) 

Line or variety 
Yield 

(kg/ha) Ranka 

Test 
weight 
(kg/hl) 

Days to 
flowering 

Days to 
maturity 

Days of 
grain 
filling 

Grain 
filling 

(kg/day) 

'ati 'S' 
B-5644-778-2Y-3Y-OM 

8484 3 76.2 88 128 40 212 

Eda 'S' x M2A-Za75 
X61039-6M-IY IM-IY-OY 

8848 1 75.0 86 128 42 211 

Kodiak 'S' 7989 1 77.3 77 115 38 210 
X-63181 -C-I Y-6M- 15 Y-5Y-OM 

PInd 'S'-Abn 'S' x IA(2) 8154 4 75.0 78 117 39 209 
X-60518- 1 IP-I Y- 1MP-OY 

Mu la 'S'-Ram 'S" 
X-52913-60Y-2M- I Y-I M-1 Y- 1Y-OB 

8159 1 72.0 90 129 39 209 

Tapir 'S'(E3-Arm 'S' x M2A/Adx 'S'} 9588 2 78.8 92 138 46 208 
CT- 1829-9Y-2M-2Y-OM 

Pnd 'S'-Abn 'S' x IA(2) 
X-60518- 1MI1 -I Y-I MP-2YI1-5M1'

7680 7 75.0 85 122 37 208 

IYP-OM 
Tapir 'S'-Boa 'S' 9676 1 77.2 83 130 47 206 
CT-1830-,4tY-3M-3Y-OM

Llg 'S'-Pol 'S' 8041 3 76.2 81 120 39 206 
X-64270-9Y-41M-2Y-2y-OM 

Octo Bulk t l-Cin 'S' x Ilura 'S' 7290 2 76.4 87 123 36 203 
X-52650-19Y- 1M-2Y- 1 M- 1-OM 

PF7717 x M2A-Bn 'S'/3ok 'S'-Lmg 'S' 8681 1 77.3 85 128 43 202 
CT-5136-H-2M-3Y-OM 

Pnd 'S'-Abn 'S' x IA(2) 8072 2 75.0 87 127 40 202 
X-60518-] MP- 1Y- 1MP-2YP- IMP
1YP-OY 

Tat u 'S* 8062 9 77.2 88 128 40 202 
B-5644-777- IY-1Y-OM 

(Ptr 'S'/Rn 'S'-IRA x FS477)Wlshi-
Bgl 'S' 
X-53893-E-2Y- 1M-IY-IM- 1Y-2Y-OB 

7884 2 75.3 81 120 39 202 

Gnu 'S' 8650 2 75.2 84 127 43 201 
B-6912-073-22Y-3Y-OM 

Caborca 79 8225 1 72.6 83 124 41 201 

M 2 A x Cin 'S'-FS658/IA-M2 A 8185 3 75.0 78 119 41 200 
X-50234-F-2Y- 1 Y- 1M-2Y-0B 

Note: Selections based on 35 yield trials, CIANO, 
a Rank in respective yield trial 

1983-84. 
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Table 10. Materials with the best yield performance under reduced and full irrigation; data from four
 
yield trials, CIANO, 1984
 

Yield (kg/ha) Rank in yield trial 
Reduced Full Reduced FullLine or variety irrigation irrigation irrigation irrigtion 

Fawn 'S'-Bsn 'S' 4444 7756 2 4
 
X-38864-23M-2Y-2Y- 1 M- 1Y-4M-OY
 

Fawn 'S'-Bsn 'S' 
 4542 7639 1 u
 
X-38864-43M-3Y-2Y-2M-1Y-1M-OY
 

Civet 'S' 
 4525 8688 4 2 

Cml 'S'-Pato x Lig 'S' 4742 8133 1 3 
X-5943i2-16M-2Y- 1M-OY
 

Civet 'S' 
 4368 7962 4 2 

Pnd 'S'-Abn 'S x IGA-IRA 4485 7284 2 5
 
X-47171 -F-4M-7Y- 1Y-2M-3Y-4M-0Y
 

Df 'S'-Merino 'S' 4240 7398 6 3 
B-2763-457 

Civet 'S' 4300 8204 3 2 

M2A x Cin 'S'-FS658/IA-M2 A 4297 8185 4 3 
X-50234-F-2Y- 1Y- 1M-2Y-OB 

Pnd 'S'-Abn 'S' x IA(2) 4538 8154 1 4
 
X-60518-1MP- 1Y- 1MP-0Y
 

Table 11. Performance of 12 triticale segregating populations after two cycles of sprouting stress,
Toluca, 1983 and 1984 

No. of No. of Percentage
No. of seeds germi- ungermi- germi

from 40 nated nated natedPopulation spikes seeds seeds seeds 

Jlo-Ptr 'S' x (IRA-Bgl) 2 
1457 614 843 42.14
 

B-8402
 
Jlo x Drira-Cinuem/Merino.JIo 1423 474 949 33.31
 

B-8419
 
Merino 'S'-Jo/Bgl-Cin x IRA-Bgl 1441 402 1039 27.90
 

B-8413
 
bla 'S' x Merino 'S'-Mtis 'S' 1823 439 1384 24.08 
CT-3954 

(continued) 
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Table 11 (continued) 

No. of No. of Percentage 
No. of seeds germi- ungermi- germi

from 40 nated nated natedPopulation spikes seeds seeds seeds 

Hare 'S'-Yog, S' x Jlo 2063 496 1567 24.04 
B-8232 

Df99 x Tj-13gl/Octo NV x M2A-B1l 1442 319 1123 22.12 
B-8217 

Pnd Rye/Lira-IRA x Castor 'S' 1134 225 909 19.84
 
CT-589
 

Giraf 'S' x Pod 'S'-Lnc 
 2118 405 1713 19.12 
CT- 1358 

M2A-BgI x Jlo[(Fury-7C x WRC31/Mtz x 1386 228 1158 16.45 
4C8825(Era-Ciio x GilIo)] Drira-MA
 
13-8415
 

Tapir 'S' x Pod 'R.Rm 1327 198 1129 14.92 
CT-1833
 

Giraf 'S' x Merino S'-Ms 'S' 
 1908 246 1662 12.89 
CT-4221
 

Ted 'S'-PFT 7888 
 1079 117 962 10.84 
X-66668 

Table 12. Performance of 17 advanced triticale lines after two cycles of sprouting stress, Toluca, 1983
 
and 19S4
 

No. of No. of Percentage
No. of seeds germi- ungermi- germi-

Line 
from 40 nated nated nated 
spikes seeds seeds seeds
 

Pika 'S' 1294 19 1275 1.47
 
X-39597-4Y-2M- I Y-2Y-OH
 

Mula 'S' 
 1526 121 1405 7.93
 
X- I 8330-3M-2Y-2M- IY-2M-OY
 

Llama-F3 Spy x BgI 1864 154 1710 8.26 
128-IOOB-1OIY-013 

M2A-Ktzl2 x Bgl 1739 191 1548 10.98 
B-175 

Ptr 'S'-M 1 A 929 115 814 12.38 
X-34824-501 M-500'Y-500B-503Y-501 Y-OM

IA-M 2 A x Pi62/Bgl 1209 152 1057 12.57 
X- 16304-50OB-501 Y-50613-OY 

Anteater'S' 1277 169 1108 13.23 
X-16350 

Muskox 'S' 1182 245 
 937 20.73
 
15570
 

(continued) 
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Table 12 (continued) 

No. of No. of Percentage 
No. of seeds germi- ungermi- germi

from 40 nated nated natedLine 
 spikes seeds seeds seeds
 

Ptr 'S'-MIA 
 1383 311 1072 22.49
 
X-34824-501 ivi-500Y-504B-504Y-501Y-OM
 

Ptr 'S'-Piid 'S' 
 1024 235 798 22.95 
X-39599-7Y- 1M- 1Y-2Y-0H 

(IGA/UM940 'S'-Arm 'S'x IRA-Bgl 'S') 973 235 738 24.15 
Mpe S'/IRA-M2A x Bush 
X-47373-A-IM-2Y-1Y-OH 

Miz/dr 1238 323 915 26.09 

Yogui 'S' 1569 443 
 1126 28.23
 
B2734
 

FS 1795-Inc 962 288 674 29.94 
X-24369-4H- 1X- I M- IY-OM 

M2 A-UP301 x BgI 'S' 1264 413 851 32.67 
X- 16378-2Y-OB- IY-OM 

M2 A-FS3284 777 280 497 36.04 
X-31806-A-4Y-5M- IY-OM 

Df.99 1237 580 657 46.89 

Table 13. Scmidwarf triticales that appear to be complete (i.e., to possess the full rye complement) 

Height Height Height
Triticale (cm) Triticale (cm) Triticale (cm) 

Sticr '3i' 110 ASAD 115 JIo 'S'-Ptr 'S' 125

B-6712- 166-6Y- 1Y-2M-501Y X-49862-3-2Y-5M1- I Y- IM-OY 13-2639-2586 

Bacr S' 110 Gnu 'S' 115 Iucy-Bgl 'S' 125
 
13-5586-462-1llY-2Y-2IM-OY B-6912-071-20Y IY-IM-500Y X- 16215-10313- 101 Y-IY-1M-OY
 

B3cauguelita 
 115 Ran 'S'2 115 Beagle (Normal) 135 
X-22427- I0 IY-2M-2Y-OM 

Currency 115 Hare 134 120 Eronga (Normal) 145
 
X- 15552-331 l-2Y-2Y- 1M-OY B-2700-167
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Pathology 
R. Singh, G. Bekele, P.A. Burnett, J.M. Prescott, and E. Warham* 

Introduction 
Although the adaptability and high 
yield potential of CIMMYT 
germplasm have helped increase 
world cereal production, farmers 
and researchers alike are still 
confronted with yield losses and
sometimes extensive damage caused 
by the numerous species of fungi,
bacteria, and viruses that attack 
small grain crops. In its effort to 
diminish the threat posed by
diseases, CIMMYT continues to 
maintain and improve the rust 
resistance incorporated into its 
germplasm basc,. "nd to develop 
additional resistance in bread 
wheats, durum wheats, and 

triticales to such pathogens as 
Helminthosporium spp., barley 
yellow dwarf virus (BYDV), Tilletia 
indica (syn. Neovossia indica),
Ustilagonuda f. sp. tritici, and 
Fusariumand Septoria spp. 

CIMMYT conducts research on these 
pathogens, sometimes in con-
junction with universities and other 
organizations, and relies on a 
worldwide network of cooperators
from national cereal improvement 
programs to provide data from the 
disease screening nurseries 
distributed by CIMMYT. These 
activities are the basis of the Wheat 
Program's attempts to overcome 

losses caused by diseases and 
promote greater yield stability in 
small grain crops. 

The major responsibilities of the 
Wheat Program pathologists are to: 

* 	 Conduct applied research on 
causal agents of major small 
grain diseases; 

Section on rusts by R. Singh; scab 
report by C. Bekele BYD report by
P. Burnett: Karnal bunt and seed
 
health by J.M. Prescott and E.
 
Warham,
 

Ni 

Dr. J.M. Prescott (left) and Dr. P. Burnett, pathologists with special responsibility for work on Karnal bunt and barley
yellow dwarf diseases, respectively. 
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" 	 Multiply, collect, and store 
pathogens, using them to 
induce artificial epidemics to 
assist breeders in screening 
newly developed germplasm: 

* 	 Support the resistance screening
work of the international 
nurseries program; 

" 	 Conduct disease monitoring and 
surveillance; and 

* 	 Train promising scientists from 
developing countries. 

The Rusts 
The rungi Pucciniagraminis f.sp. 
tritlf, P. recondita f.sp. triticl,and 
P. striffornis, causing stem rust, leaf 
rust, and stripe rust diseases of 
wheat, respectively, remain the most 
important threats to wheat 
production worldwide. One of the 
central objectives of the Wheat 
Program therefore continues to be 
the development of rust-resistant, 

high-yielding germplasm for 

worldwide distribution. Since 

natural rust epidemics may not 

occur every ycar. a successful 

breeding program must rely on 
artificially created epidemics with 
controlled pathc-types. 

In the 1983-84 cycle, materials in 
experimental plots at the CIANO, El 
Batan, and Toluca research stations 
were subjected to artificial epidemics 
produced by using bulked field 
inocuilum and freshly increased 
Inoculum from the greenhouse. 
Spreader rows for each crop 
consisted of a mixture of genotypes
that had become susceptible after 
cultivation, as well as certain 
standard varieties susceptible to rust 
(Morocco and Baa,:. among others).
Such a genotypic mixture is useful 
In maintaining variation in the 
pathogen population, 

Prolonged cool and dry weather 
delayed the establishment of good 
stem and leaf rust epidemics at 
CIANO. No severe infection of either
disease was found in commercial 
fields In the Yaqui Valley. At El 
Batan, excellent epidemics occurred 

very early, permitting good 
screening of advanced generation 
materials. Low levels of natural 
stripe rust infection also occurred. 
Leaf and stem rust epidemics 
created artificially at Toluca 
progressed very slowly because of
the cool weather and frequent, 
heavy rains tha, washed the plants. 
However. natural stripe rust 
infection at Toluca was good and 
early, enabling breeding materials to 
be screened for resistance to the 
prevalent race(s). 

Later in the season, infection with 
septorla leaf blotch prevented the 
further spread of stripe rust. At 
Huamantla, natural epidemics of leaf 
and stripe rust occurred in experi-
mental plots, and although stem 
rust was found as well, the intensity 
was low. 

Pathogericity investigations-
Pathogenicity investigations were 
resumed after a lapse of one year to 
identify the virulence spectrum of P. 
graminis f.sp. trftici and P. recondita 
populations in Mexico. Efforts were 
initiated to develop an efficient 
means of storing the various patho-
types. The accomplishment of these 
objectives will enhance studies on 
the genetics of resistance, help

monitor and conserve variation in 

pathotypes. and identify any change

in the pathogenicity on commercial 

varieties, 


P. recondita f.sp. triticl-A total 
of 145 leaf rust samples were 
collected from I I sites in Mexico: 
322 single-pustule isolates from 
these samples were investigated on 
a set of differential lines. The 
differential set consisted of 17 
isogenic lines and cultivated or 
advanced bread wheat, durum 
wheat, and triticale genotypes. Of 
the 17 single-g,-nc lines used in the 
differential set, variation occurred 
only for lines with Lrl, 2a, 2b, 2c, 3, 
and 10 (Table 1): all other lines were 
uniformly susceptible. 

Results for Genaro 81 (GEN) are 
reported ,nTable 1 because this 
cUltivar occupied approximately 

35% of the land planted to wheat in 
the Yaqui and Mayo Valleys of 
Mexico during 1984. A total of seven 
pathotype combinations were 
identified by using 17 single genes 
for resistance and Genaro 81. The 
race having a virulence/avirulence
combination of Lrl, 2c, 3,10/2a, 2b,
 
GEN occurred with high frequency 
on bread wheats (58%) and a very
high frequency on durum wheats 
(93%). Pathotype Lr3, 10/1, 2a, 2b, 
2c, GEN was the most prevalent on 
triticales (58%). 

Samples from 9 of the 11 locations 
where the investigation was carried 
out did not reflect any variation in 
the pathogen population; all 
collections turned out to be patho
type Lrl, 2c, 3. 10/2a, 2b, GEN. At 
four locations, including El Batan 
and Toluca, all samples were 
collected from durum wheats. 
Although very few samples were 
collected at the other five locations, 
it was evident that LrI, 2c, 3. 10/2a,
2b, GEN was the pathotype that 
occurred most widely in Mexico in 
1983-84. 

Reactions of Genaro 81,
 
Glennson 81, and Seri 82-The
 
cultivars Genaro 81, Glennson 81.
 
and Seri 82 were also included in 
the set of differential lines. Three 
pathotypes with virulence on Genaro 
81 seedlings were identified in 
samples from artificially inoculated 
nurseries at CIANO and from 
naturally occurring infections in the 
Mayo Valley. The three cultivars 
exhibited seedling infection type (IT)
"0:" to ";I-", with pathotypes 
avirulent ior Genaro 81. With the 
three pathotypes possessing 
virulence for Genaro 81 (IT "3"),
Glennson 81 and Seri 82 displayed 
an intermediate response (IT"'2' to 
'22 + ").These findings suggest that 
these three Veery varieties had one 
gene in common (most likely Lr26),
but that Glennson 81 and Seri 82 
also possessed at least one addi
tional gene for seedling resistance. 
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The progress of leaf rust infection on 
Genaro 81, Glennson 81, Seri 82, 
and other varieties exposed to the 
mixture of pathotypes used to create 
the artificial epidemic at CIANO in 
the 1983-84 cycle is presented in 
Table 2. Adult-plant reactions of 
various materials, measured by the 
progress of leaf rust infection with 
Genaro 81-virulent pathotypes, are 
under investigation. 

Reactions of durum wheats and 
triticales-Of the six durum wheats 
in the differential set. Mexicali 75 
and Yavaros 79 e;.hibited variation 
in seedling infection types that 
ranged from "2-" to "3". Seedling 
infection types on the other four 
durum wheats (Cocorit 71, 
Carcomun 'S', Chen 'S', and 
Gallareta 'S') varied from low to 

intermediate. Of the five triticales 
used in the set, Eronga 83 displayed 
high seedling infection types to all 
isolates. The other four triticales 
(Alamos 83. Caborca 79, Zebra 79, 
and Euro 'S') exhibited variable 
degrees of mesothetic infection 
types. The consistency of variable 
infection types with various isolates 
needs to be confirmed. 

P. graminis f.sp. tritici-At 
CIANO. 73 stem rust samples were 
collected, and 131 single-pustule 
isolates from these samples were 
investigated on a set of differential 
lhiis. The differential set again 
consisted of isogenic lines and 
cultivated or advanced bread wheat, 
durum wheat, and triticale geno-
types. Five barley genotypes were 
also included, 

, , 

Of the I single-gene lines used in 
the investigation, variation occurred 
only for lines with Sr7b, 8, 9b, and 
I I (Table 3). Results for lines with 
Sr6 are not repo rted here because a 
comparison with the previous year's 
data indicated that this line could be 
incorrectly identified. Nine patho
types were identified. 

All key bread wheats (Pavon 76. 
Ciano 79, Genaro 81, and Tonichi 
81), durum wheats (Cocorit 71, 
Mexicali 75, Yavaros 79. Gallareta 
'S', Chen 'S', Carcomun 'S', and 
.rdea 'S'). triticales (Zebra 79, 

Caborca 79, Alamos 83, Eronga 83, 
and Euro 'S') and barleys (Apizaco, 
Por-U-Sask 1766, Golondrina 'S'. 
Black Hulls, and BlxMari-Coho) 
included in the differential set 
exhibited low or Intermediate 

Dr. G. Bekele (right), pathologist, soits and checks seed with a trainee. 
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seedling infection types to all 
isolates. The durum line Kingfisher 
was susceptible to all isolates, 

Scab 
Fusarium head blight (scab) is an 
important wheat disease in many
countries around the world. In wet, 
humid conditions that favor its 
development, the disease limits 
wheat production by reducing yield 
and grain quality. Scab on wheat is 
generally caused by Fusarium 
grainfnearum (Schwabe). the 
imperfect state of Gibberellazeae, 
which also infects maize. In Mexico. 

fields once planted to maize and/or
wheat can act as a reservoir for the 
pathogen, which may infect sub-
seq'uLnt wheat crops if 
environmental conditions favor the 
development of the disease, 

Intensive screening for resistance to 
Fusariurnspp. commenced in 1981 
at CIIIMYT. followed by a resistance 
breeding program. During the first 
phase of this work, techniques for 
culturing and increasing fusarium 
spores (conidiospores) were 
developed for use under field and 
greenhouse conditions in Mexico. 

Methodologies were also created to 
handle the inoculation and screen
ing of a large amount of material. 
Two inoculation techniques for 
screening agair1 ,t Fusarum spp. are 
described in Bekele (1985). 

The second phase of this work 
involves the investigation of 
CIMMYT germplasm to determine 
which varieties or lines are resistant 
to Fusarium spp. In Toluca and 
Patzcuaro during the 1984 summer 
cycle, 1616 bread wheat lines, 
mainly from the Crossing Block (CB) 
and small seed multiplication plots 
(PC), were planted. At both sites,
wheat plants were heavily 

... "......... -
inoculated at flowering with a 
conidiospore suspension prepared in 

Nscoring 
the laboratory at CIMMYT. Disease 

was done 40 days after
inoculation, using a 0-5 scale for 
rating scab severity (0 was 
completely resistant;
moderately resistant: 

1, resistant; 2, 
3.moderately 

susceptible: 4.susceptible: and 5, 
highly susceptible). 

Sixty-nine lines with high levels of 
resistance to Fusarfurnspp. were 
selected, including eight lines from
China (Table 4). Early and heavy 
rain throughout the growing cycle in 
Patzcuaro increased the incidence of 
septoria leaf blotch and complicated 
the normal scab screening 
proceduc. Therefore, the 69 lines 
presented in Fable I are those found 
to be best in Toluca as well as in 
Patzcuaro; lines that showed high 
resistance only in Toluca are not 
included. 

Seed of these 69 lines, which will 
constitute the Fourth Scab Resistant 

' .i 
Screening Nursery (SRSN), will be 
increased in the 1984-85 cycle and 
distributed to "hot spots" around 
the world for further evaluation. 

W.7 Dr. E. Warham inoculating for Karnal 
, 4- bunt in the greenhouse, where

resistant materials Identified in the 
field are routinely retested under 

heavy disease pressure. 
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Barley Yellow Dwarf 
Barley yellow dwarf (BYD}, an 

ubiquitous disease of cereals, is 

caused by an aphid-transmitted 
virus and, like the rust diseases, is 
not a problem every year. Barley
yellow dwarf virus (BYDV) attacks 
all small grain cereals, including
bread wheat. durum wheat, barley, 
oats, and triticale. The virus also
infects at least 100 other grass 
species, including maize and rice,
and these hosts can act as reservoirs 
for the virus and for aphids. 

BYDV has been recognized only

recently as a serious constraint to
the production of wheat, barley, 
oats. and triticale in the developing 
world. The nature of the disease 
makes it difficult to diagnose, 
particularly in wheat: consequently, 
the magnitude of the losses caused 
by BYDV on a global scale has not 
be ,iperceived. 

Barley yellow dwarf could be 
considered a second generation
disease. Severe epidemics of rust. 
septoria, or scald can completely
mask BYD. and have probably done 
so in the past. However, once 
resistance to rust, septoria, or scald 

has developed, the secondary
disease becomes apparent. It should 
be stressed that BYD has a third 
biological variable, the aphid vector,and conditions that influence this 
vector also influence the spread and 
epidemiology of BYD. 

The breeding programs are using
BYD-resistant lines in crosses, and 
the segregating material that is 
created will be evaluated. A great 
deal of effort must be concentrated 
on developing BYD resistance in 
durum and bread wheat, and 
especially In durum wheat, because 
the resistance observed in these 
crops does not appear to be nearly 
as strong as that observed in barley 
or triticale. 

The variation in resistance across 
sites must also be taken into 
account when breeding cereals for 
different regions, and data received 
from cooperators will contribute 
greatly to the success of the 
program. 

Methods-Since the 1980 BYD 
workshop held at El Batan, CIMMYT
has noted data on lines that 
cooperators have reported to be 
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resistant to BYD for future use as
 
BYD-resistant parents. Toluca,
 
where natural epidemics of the
 
disease occur, is used as a site for 
selecting resistant materials. 
Screening was initially done at this 
site only in winter, but in 1984, for 
the first time, screening took place 
at Toluca in summer as veil. 

To promote aphid infestation and 
consequent BYDV Infection at 
Toluca, lines were space-planted in 
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Dr. R. Singh, pathologist responsible

for work on leaf, steam, and stripe
 

rusts. 
 r1 
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small plots of 2 rows, each 1 m Triticales-During this same cycle, ELISA testing of virus isolates inlong. Previous observations the 16 th ITSN was screened for BYD Mexico-During the 1984 season,
indicated that late planting aided resistance; lines that looked approximately 200 leaf samples
infection. so lines were planted in particularly good are listed in Table 
 were sent to Dr. Richard M. Lister ofmid-June. 7. Selections were also made from Purdue University (USA) for testing 
the Crossing Block, and altogether by ELISA with the range ofScores for BYD were recorded in late 173 lines were chosen to be antiserum types to BYDV availableSeptember and October. Two scores increased at CIANO to form a there. Essentially all samples
were taken, using a 0-9 scale in triticale nursery for testing at 
 reacted to the antibodies of anwhich 0 is resstant and 9 is fully selected sites in 1985-86. Triticales MAV-Iike isolate (transmitted

susceptible (Qualset, 1984j BYD generally seemed to show good specifically by the aphid Sitobion scores were also taken oa the resistance to BYD, but this needs to (inacrosiphum)avenae) of BYD, andprograms' materials if infections be tested at more sites. approximately 20% reacted to 
were sufficiently severe. antibodies of a PAV-Iike Isolate 

Barley-Screening for resistance to (transmitted non-specifically byBread wheat-Approximately 800 BYD in barley has been underway Rhopalosiphum padi and S. avenae).lines of bread wheat were screened for a numbei of years at CIMMYT. It appears that the predominant
for resistance to BYD in 1984. From During the 1984 Toluca cycle, the virus isolates in Mexico in 1984
the Crossing Block and the program concentrated on evaluating resembled MAV and PAV and were
Eighteenth International Bread the 3rd BYD Screening Nursery. 
 mixed, but these are preliminaryWheat Screening Nursery (IBWSN), plus selections from the Crossing data and further study is needed.
228 lines were selected for increase Block and Observation Lines that
 
at CIANO; some of this material will were noted to exhibit some level of Karnal Bunt
be chosen fbr distribution in the resistance 
in previous seasons. Data Karnal bunt, caused by Tillctianext BYD wheat screening nursery. from the 3rd BYD Screening Nursery indica (syn. Neovossla indica), is a 

s will be included in a report soil-borne disease of wheat andSelections of the 1 t BYD Screening summarizing all results obtained certain other small grains, first
Nursery and 20 selections from the from this nursery by cooperators. reported in India in 1931. The
 
1 6 th IBJWSN were also screened. disease appeared in Mexico more
 
This material had appeared resistant The best entries from the CB are than 15 years ago in the Yaqui
in a test run by Dr. A. Cu;neau at listed 
in Table 8: many of these Valley. near Cd. Obregon. Sonora,Sainte-Foy in Quebec, Canada. lines were also in the BYD Screening and is still confined to a small partTable 5 lists entries that exhibited Nursery. This material was sent to of the wheat-growing area ofgood resistance at both Toluca and CIANO for seed increase and northwestern Mexico.
Quebec. selections will be included in the 4 th 

BYD Screening Nursery, to be Tilletia ind/ca teliospores have beenDurum wheat-During the 1984 distributed in 1985-86. reported to remain viable in the soilToluca cycle, the 16 th IDSN was for up to five years, and a suffiscreened intensively, along with 40 The program also evaluated a ciently high incidence of disease (3%BYD-resistant selections identified number of F 6 materials for or more) can adversely affect thefrom previous nurseries by Dr. A. resistance. The results were flavor of products made from
Comeau and Dr. C.A. St. Pierre of disappointing because most of the teliospore-contaminated flour. EvenSainte-Fov. In addition, all of the gerniplasin appeared quite so, very specific environmentalnurseries grown by the durum susceptible to BYD or exhibited conditions are required for infectionwheat program were checked for susceptibility to other diseases for to occur, and yield losses due to this
lines that exhibited apparent which the barley program was nonaggressive pathogen
resistance. Over 800 lnes were 

are 
screening (i.e., scald and leaf rust). negligible.

examined in all, and twenty-seven This means that BYD screening
were dcenmcd to have acceptable should be carried out when But although Karnal bunt is a minorlevels of resistance (Table 6). resistance to these other diseases is disease, it is having far-reaching

obtained, effects on the internationalthese lines are being incruased at movement of germplasm. In 1983,CIANO and will be sent to selected Wide crosses-Only a very few with the aim of averting losses insites as a screening nursery during wide (ross selections were tested. international trade that could be1985-86. Currently. the ditrum All of these were from the following incurred if Karnal bunt spores werewheat program (toes not appear to cross: Inia 66/A.dist.//Inia 66/ detected in commercial grain shiphave a large number of entries with 3/Genaro 81. They appeared rod- ments, tile United States Animalresistance to BYD. eratelv resistant but a wider array of and Plant Health Inspection Service 
material from this progiam requires (APHIS) placed quarantine restric
testing beiore definite conclusions lions on the movement of 
can be reached, experimental germplasm from 
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Karnal bunt-infected areas into the 
USA. Sanidad Vegetal. Mexico's 
plant protection agency, has also 
restricted the movement of 
untreated grain from such areas to 
other locations within Mexico. Since 
many developing countries adopt 
quarntine regulations and actions 
similar to those of the USA, the 
APHIS restrictions could eventually
limit CIMMYT's international wheat 
nursery system. These restrictions 
are presently hindering the move-
merit of nursery materials from 
Mexico to the USA, Canada, and, to 
some extent, China and several 
other countries. 

Expanded Karnal bunt research 
program-In anticipation of the 
APHIS action, CIMMYT initiated an 
expanded Karnal bunt research 
program during the 1983-84 crop 
season (limited preliminary research 
had been conducted previously). The 
program's initial objectives were to: 

* 	 Identify germplasm resistant to 
the disease; 

• 	 Identify methods of controlling 
the disease in the field; 

* 	 Screen chemicals for their 
effectiveness in preventing the 
transmission of the disease via 
seed; and 

* 	 Develop efficient inoculation 

techniques. 


This research has become a full
scale cooperative effort involving 
INIA together with research 
programs in the USA, India, 
Pakistan, and Nepal. Research in 
Mexico is conducted by CIMMYT, 
INIA. and Sanidad Vegetal, with 
participation by scientists from the 
USA; the overall program is 
coordinated by CIMMYT. 

Because Kamal bunt is a minor 
disease that has received almost no 
research attention in the past, little 
baseline information on the disease 
and its causal organism is available, 
For this reason, the cooperative 
research program includes such 
components as the effects of weather 
and other environmental factors on 

Karnal bunt infection, studies of 
teliospore dissemination, an 
assessment of survey techniques, 
and sporidia-trapping studies, 

Field testing fo host plant
resistance-Since the 1982-83 
season, more than 24,000 lines of 
bread wheat, durum wheat, triticale, 
barley, rye, and miscellaneous 
selections from the TrItcum species 
have been field-tested for Karnal 
bunt resistance. From this maiarial, 
290 bread wheats, 510 durum 
wheats, 739 triticales, and 364 lines 
from various sources have been 
selected for apparent resistance. 
These materials showed no Karnal 
bunt infection in two successive 
years of field testing. 

Greenhouse screening-Each 
entry identified as resistant in the 
field is routinely retested under 
severe disease pressure with the 
spray inoculation technique in the 
greenhouse. All entries tested to 
date have shown some infection, 
indicating that physiological 
resistance may not exist or is very 
rare. However, the sporidia 
concentration used in these tests is 
high (± 50,000 sporidia/ml of 
water). Nor are there apparent 
differences between bread wheats, 
durum wheats, and triticales under 
these conditions. About 35 lines 
have shown less than 15% infection 
under these severe conditions, and 
will be tested again in the 
greenhouse. 

Since over half the bread wheat 
lines showing resistance in the 
greenhouse included either Tzpp or 
Alondra in their parentage. more 
attention is being given to materials 
containing these parents in their 
pedigrees. In addition, the CIMMYT 
rye collection, various rye addition 
lines, and that portion of the world 
wheat collection resistant to bunts 
and smuts have been screened for 
Karnal bunt resistance. Triticum 
carthllcum and ryes have generally 
shown much lower infection. Ryes 
might serve as a source of physio-
logical resistance, and consequently 
all wheat germpiasm containing the 
IB/IR translocation Is being screened 
for this possible trait. 

A total of 86 accessions of 21 
Aegilops species were also evaluated 
under greenhouse conditions; all 
accessions of Aegflops biunclals, 
Ae. columnaris,Ae. crassa, 
Ae. Juvenalls, Ae. ovata, and Ac. 
speltoldes demonstrated resistance. 
Several accessions from other 
Aegflops species showed good 
resistance as well, indicatipg that 
Aegilops species may be a source of 
resistance that can be incorporated
into bread wheat. Further studies 
will be conducted, including the 
screen!ng of Aegilops addition lines. 

Fungicide seed treatments-
Several systemic fungicides were 
tested in the field to assess their 
effects on teliospore germination. 
None proved effective as a seed 
treatment, however, because they
did not remain active long enough 
to protect the spike between heading 
and anthesis. 

Controlling Karnal bunt in the 
field-It has been determined that 
the application of Terrazan 75WP 
(PCNB) to the soil prior to heading 
inhibits teliospore germination for 
up to six to eight months. When this 
treatment is coupled with a foliar 
application of a sporidia-lethal 
fungicide, nearly complete control of 
Karnal bunt can be achieved. The 
most effective sporidia-lethal 
fungicides tested to date are Tilt,
Vangard. Maneb 80. Manzate 200, 
Busan 38A, Captan, Duter. Baytan, 
and Terrazan 75WP. 

Inoculum production-Since large 
quantities of inoculum are needed to 
conduct artificial inoculation studies 
in the field at CIANO, much (ime 
has been spent perfecting this 
aspect of the program. Potato
dextrose agar (PDA) is presently 
used for increasing inoculum, and 
the procedure works well. 

A technique to produce primary 
spor'dia in liquid cultures on 
shakers was also developed. This is 
a much faster method of producing 
inoculum, but its usefulness is 
uncertain since primary sporidia 
have generally given lower levels of 
infection in the field. An experiment
using higher inoculum concentra
tions of both primary and secondary 
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sporidia was done in the 1984-85 
cycle and will be repeated in 
1985-86 to determine whether 
primary sporidla can be used as 
inoculum. 

Inoculation techniques-Two 
inoculation techniques were 
compared in the greenhouse with 
susceptible cultivars: boot 
inoculation, in which a water 
suspension of secondary sporidia Is 
injected with a hypodermic needle 
into the boot; and spray inoculation, 
in which a water suspension of 
secondary sporidia is sprayed on the 
spike betwcen heading and anthesis. 
The boot inoculation technique is 
the most reliable, but only screens 
for physiological resistance. The 
spray inoculation technique more 
closely resembles natural field 
infection, and therefore screens for 
morphological and, to a lesser 
extent, physiological resistance, 
Because this technique requires 
high relative humidity to ensure 
infection, it is unsuitable as a field 
screening technique. In the 
greenhouse, where conditions can be 
controlled, spray inoculation is the 
most rapid and efficient technique. 

Additional studies-A number of 
other Kai, ial bunt research activities 
are pursued in Mexico. These 
include I) studies of the effects of 
Karnal bunt on seed germination; 
2) an investigation to determine 
which environmental factors affect 
secondary sporidia production; 
3) the effect of Karnal bunt on seed 
and protein quality; 4) the effects of 
long- and short-term feeding of 
Karnal bunt-infected grain to poultry
and swine; 5) determination of 
fungicide residuals in seed following 
fungicide application at heading 
time; 6) recovery of and determi-
nation of the number of teliospores 
from soil samples; and 7) the role of 
irrigation in preventing Karnal bunt 
infection. 

Quarantine status-In the 1985-86 
cycle, the Wheat Program will grow 
all wheat and triticale materials 
destined for international distri-
bution in a Karnal bunt-free area 
near Hermosillo, Sonora, Mexico. 
Entry of germplasm into the USA 
and Canada will be permitted if 

Karnal bunt surveys and laboratory 
inspection during and following 
harvest in April and May, 1986 are 
negative. 

Future research--CIMMYT will 

continue screening germplasm for 
resistance to Karnal bunt. Priority 
will be placed on germplasm 
developed by CIMMYT and 
cooperators in areas where Karnal 
bunt is a problem. As preliminary 
findings indicate that there is good 
resistance among the germplasm 
from Chi .a and Brazil, germplasm 
from these countries will also be 
screened. In addition, materials from 
CIMMYT's wide cross program will 
be examined for resistance to the 
disease, and an effort will be made 
to screen various winter wheats. 

Seed Health 
Seed health unit-Since germ
plasm development is one of 
CIMMYT's major functions, the 
Center has always been aware of the 
necessity of preventing the 
dissemination of pathogens and 
pests along with the seed it 
distributes. In 1984, CIMMYT 
established a seed health unit to 
provide more comprehensive and 
coordinated services for its 
germplasm development programs 
and its cooperators abroad 
(previously, this work was done by 
the individual crop programs). The 
activities of the seed health unit are 
perfcrmed in close collaboration 
with Sanidad Vegetal. 

The new seed health unit is 
responsible for: 

Conducting all standard tests for 
seed-borne pathogens in 
germplasm destined for 
international distribution; 

* 	 Developing improved methods 
of detecting seed-borne 
pathogens; 

* 	 Determining which seed-borne 
pathogens are present in 
Mexico: 

* 	 Determining improved methods 
of treating seed for pathogens 
present in Mexico; 

* 	 Testing the efficacy of chemical 
seed treatments; and 

* 	 Conducting all research on the 
Karnal bunt disease. 

Seed health measures-The 
Center practices several principal 
seed health measures in the 
management of its germplasm, 
which is supplied to national crop 
improvement programs and other 
cooperators in response to specific 
requests. Seed intended for 
international distribution is 
produced only at CIMMYT research 
stations or the cooperating research 
stations of INIA. Harvested from 
apparently healthy plants, ears, 
rows, and/or plots selected by 
CIMMYT senior scientists, the seed 
is carefully cleaned and dried to 
acceptable moisture levels. 

Prior to packaging and distribution, 
all 	seed is treated with a mixture of 
approved fungicides and insecticides 
to protect against pathogens and 
pests present in Mexico and to 
prevent their establishment outside 
the country. Upon completion of 
these procedures, a phytosanitary 
certificate for each seed shipment is 
requested from Sanidad Vegetal. 

Additional actliities-The seed 
health unit is working with different 
seed organizations and quarantine 
groups to standardize testing 
methods for pathogens and pests. 
Training is also a significant part of 
the unit's activities. 
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Table 1. Frequency of identified pathotypes of Puccinla recondita f. 
sp. tritici in 1984 survey 

Note: 100% avlrulence for genes
Lr3ka, 9, 11, 16, 19, 20, 21, 
24, and 30. 

100% virulence for genes
Lrl4a and 14b. 

Variation for genes Lrl, 2a, 
2b, 2c, 3, 10, and Genaro 81 
(GEN). 

ha.te: 100% avirulence for genes 
Sr7a,9e, 10,13,24,25,26,27, 
30, and 37; 

100% virulence for genes
Sr5,9a,9d, and 36. 

Variation for genes Sr7b,8, 
9b, and II 

Virulence/avirulence 

Lr3,10/l,2a.2b,2c,GEN 
Lrl,2c,10/2a.2b,3,GEN 
Lrl,2c,3,10/2a,2b,GEN 
Lrl,2a,2b,2c,3, 10/GEN 
Lr1.3, I0,GEN/2a,2b,2c 
Lrl,2a,2b,2c,3,GEN/10 
Lr1,2a,2b,2c,3, 10,GEN 

Total 

No. of isolates 
Bread Durum 
wheat whea. 

Triti-
cale Total 

Frequency 
(%) 

5 0 26 31 9.63 
5 6 3 14 4.35 

67 151 7 225 69.88 
10 2 3 15 4.66 
5 3 0 8 2.48 

18 0 3 21 6.52 
5 0 3 8 2.48 

115 162 45 322 100.00 

wheat 

Variety 

Seri 82 
Glennson 81 
Genaro 81 
Ures 81 
Tonichi 81 
Pavon 'S' 
Sara 82 

Coefficient of infection Area under 
(no. of days) leaf rust 

0 10 20 30 40 progress curve 

0.0 0.0 0.6 4.0 4.0 66.0 
0.0 0.0 2.0 9.0 9.0 155.0 
0.0 0.4 3.0 18.0 18.0 304.0 
0.0 0.0 3.0 18.0 18.0 300.0 
0.0 0.4 3.0 12.0 12.0 214.0 
0.0 0.8 4.0 8.0 18.0 218.0 
0.0 0.8 27.0 60.0 60.0 1178.0 

Table 3. Frequency of thL identified pathotypes of Puccinia graminis
f. sp. triticl in 1984 survey 

Virulence/avirulence 

/Sr7b,8,9b, I 1 
Sr8/7b,9b. 11 
Sr7b,8/9b, I 1 
Sr8,9b/7b, I 1 
Sr8,11/7b,9b 
Sr7b,8,9b/1 1 
Sr7b,8,11/9b 
Sr8,9b, 1l/7b 
Sr7b,8,9b,11/ 

Total 

Table 2. Progress of leaf rust infection on seven varieties of bread 

No. ofisolates 
Bread Durum 
wheat wheat Triticale Total 

Frequency 
(%) 

1 6 0 7 5.34 
6 36 26 68 51.91 
0 4 4 8 6.11 
0 4 1 5 3.82 
6 21 ,4 31 23.66 
0 3 0 3 2.29 
1 3 2 6 4.58 
0 1 1 2 1.53 
0 0 1 1 0.76 

14 78 39 131 100.00 
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Table 4. Sixty-nine wheat lines with high levels of resistance to scab 
at two locations (Toluca and Patzcuaro) in Mexico, 1984 

Line and pedigree 

Bow 'S'-PF74354 
OC3217-1 M-2Y-3M-2Y-029AL-OY 

CEP7593-OC731070 
OC3235-2M-5Y-OZ-2Y- 1M-OY 

CEP7593-OC731070 
OC3235-2M-5Y-OZ-5Y- I M-OY 

CEP7593-OC731070 
OC3235-2M-5Y-OZ-5Y-O7AL-OY 

CEP7593-C731070 
OC3235-2M-5Y-OZ-6Y- 1M-OY 

PF74354 x LD-Ald 'S' 
OC355 1-1 M- 1Y-OZ-2Y- 1M-OY 

PIF74354 x LD-AId 'S' 
OC355 1-1 M- IY-OZ-2Y-2M-OY 

PF74354 x LD-Ald 'S' 
OC3551-3M-6Y- 1 M- 1Y-4Z-OY 

Kea 'S" 
CM21335-C-9Y-3M- 1Y- 1Y- 1Y-OB 

PF7619-Dove 'S' x CEP7670 
B25813-A- I M- 1Y- 1M-5Y-OZ-6Y-2M-OY 

Sara 
CM38088-G- 1Y-4M- 1Y-3M- IY-OM 

Bow 'S' 
CM33203-H-8M-8Y- 1M- 1Y- 1M-OY- 1PTZ-OY 

Bow 'S' 
CM33203K-9M- 19Y-3M-3Y-OM 

Aid 'S'-Pvn 'S' 
CM49901-14Y-2Y- 1M- 1Y-OM 

Ttr 'S'-Bow 'S' 
CM58 57-2M-lY-1M-2Y-OM 

Ttr 'S'-Bow 'S' 
CM58857-2M- I Y- 1M-3Y- 1M-OY 

[(TpxCno67-No/Bb-Cno67)Za75iTtm 'S' 
CM59914-7Y-2M- 1Y- 1M- IY- 1M-OY 

F6.74-Bun 'S' x Sis 'S' 
CM60042-M- 1 Y-2M-2Y- 1M-2Y-OM 

Maya 'S'-Sprw 'S' x Vec 'S' 
CM64958-27Y- 1M-5Y-0Z-8Y- 1M-OY 

Maya 'S'-Sprw 'S' x Vee 'S' 
CM64958-27Y- 1M-5Y-OZ-8Y-2M-OY 

Dng 'S'-Mon 'S' 
CM65380-4Y-4M.4Y- IM-2Y- IM-OY 

Kea 'i'-Bc' 'S' 
CM67354- 11 Y- 1M-3Y- I M- IY-2M-OY 

Vee 'S'-Buc 'S' 
CM67407-8Y- 1M-2Y- IM- IY-2M-OY 

PF70354-Bow 'S' 
CM67910-7Y- 1M-4Y-OZ-3Y- 1M-OY 

Country 

Brazil 

Brazil 

Brazil 

Brazil 

Brazil 

Brazil 

Brazil 

Brazil 

Mexico 

Brazil 

Mexico 

Mexico 

Mexico 

Mexico 

Mexico 

Mexico 

Mexico 

Mexicn 

Mexico 

Mexico 

Mexico 

Mexico 

Mexico 

Mexico 

Disease 
score 

1 

1 

2 

2 

2 

1 

1 

2 

2 

2 

I 

2 

1 

1 

2 

1 

1 

1 

1 

2 

1 

1 

2 

2 

(continued) 
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Table 4 (continued) 

Discase 
Line and pedigree Country score 

PF70354-Bow 'S' Brazil 1 
CM67910-7Y- I M-4Y-OZ-8Y-2M-OY 

PF70354-Bow 'S' Brazil I 
CM67910-7Y- IM-8Y-OZ- I Y-2M-OY 

PF7035.'-Bow 'S' Brazil 1 
CM679 .0-7Y- IM-8Y-OZ-2Y- I M-OY 

PF70354-B3ow 'S' Brazil 1 
CM67910-7Y- 1M-8Y-OZ- IY-3M-OY 

PF70354-Bow 'S' Brazil 1 
CM67910-17Y-1M-4Y- 1M- 1Y- 1M-OY 

[(Kvz/Tob-Ctfn x Bb)Blo'S'IUrcs'S' Mexico 2 
CM67983- 1Y- I M-4Y- 1M- I Y- 1M-0Y 

[(Kvz/Tob-Cffn x Bb)Blo'S']Ures'S' Mexico 2 
CM67983- 1Y- 1M-4Y-2M- 1Y-2M-OY 

I(Kvz/Tob-Ctfn x Bb)BIo'S'Urcs'S' Mexico 2 
CM67983-1 Y- 1 M-4Y-2M- 1Y-3M-OY 

[(Kvz/Tob-Ctfn x Bb)Blo'S'jUres'S' Mexico 1 
CM67983-IOY-2M-2Y- 1M-OY 

Yr-Trf 'S' x Bow 'S' Mexico 1 
CM68336- 1Y- 1M- I Y-3M-2 '. IM-OY 

Tan 'S'-Bow 'S' Mexico 2 
CM68365-6Y- 1M-3Y- 1M-OY 

K4500I,.6.A.4-Vee 'S'[Cno67-No x Kal
Bb/Bj'S'-0n 2 x Sx) Buc'S'] Mexico 1 

CM69093-I- 1Y- 1M- 1Y-31vl- 1 Y- I M-OY 
K4500L.6.A.4-Vce 'S'[Cno67-No x Kal
Bb/BJ'S'-0n 2 x Sx) Btuc'S'] Mexico 1 

CM69093-1- 1Y- 1M- 1 -3M-2Y- 1M-OY 
Vee 'S'-1061.K4[CNT8 (Kvz-Gv 'S' x 
Ka'S'/Emeck 132)] Mexico 2 

CM69163-A-1Y-1M-iY-2Y-IY-2M-OY 
Mrng-Buc 'S' x Blo 'S'-Psn 'S' Mexico 2 

CM69191-A-5Y- 1M- IY-2M-2Y-2M-OY 
Mrng-Buc 'S' x Blo 'S'-Psn 'S' Mexico 2 

CM69191 -A-5Y- I M- 1Y-2M-2Y-3M-OY 
Mrng-Buc 'S' x Blo 'S'-Psn 'S' Mexico 2 

CM69191 -A-5Y-3M-2Y- 1M- IY-2M-OY 
Mrng-Buc 'S' x Blo 'S'-Psn 'S' Mexico 2 

CM69191 -A-5Y-3M-2Y- I M- 1Y-3M-OY 
Psn 'S'-Bow 'S' Mexico 1 

CM69560-6M-2Y- I M- IY- 1M-OY 
Bow 'S'-Vee No.5 Mexico 1 

CM69600-1 M- I Y- I M-4Y- 1M-OY 
Aufn-Tsh 'S' Mexico 2 

CM70024- 1M-5Y- 1M- 1Y- 1M-OY 
Bow 'S'-Prl 'S' Mexico 1 

CM70307- IY- 1M-4Y-2M-OY 

(continued) 
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Table 4 (continued) 

Line and pedigree Country 
Disease 

score 

PF7339 x Mrs-Coc 
CM70378-1 1Y-2M- IY- 1M-OY 

[(Bez2B/CC-Inia66 Y Cal) Aid 'S'] 
Crow 'S'-Pri 'S' 

IAS20-H567-71 x IAS205 
CMH77.205-1Y- 1B-7Y- 1B- IY-3B-OB 

H567.7 1-P.AR3 

CMH77.308-IY-4B- lY- 1B-3Y-2B-2Y-2B- 1Y-OY 
H567.7 1-P.AR 3 

C4H77.308- IY-4B- 1Y- 1B-3Y-2B-2Y-3B-0Y 
IAS20-H567.71 x IAS205 

CMH78A.544-7B- lY-1B- lY-OB 
IAS20-H567.71 x IAS205 

CMH78A.544-7B- 1Y-1 B- 1Y-2B- IY-OB 
IAS20-H567.71 x IAS205 

CMH78A.544.7B-1Y- 1B- IY-2B- IY-1B-OY 
YMI No.6 

Mexico 

Mexico 

Mexico 

Mexico 

Mexico 

Mexico 

Mexico 

Mexico 

China 

1 

2 

2 

2 

I 

1 

2 

2 

2 

Fan No. I China 1 

Shanghai 3 China 1 

Shanghai4 China 1 

Shanghai5 China 1 

Suzhoe F3 No. 1 China 1 

IOC 813 Mexico 2 

IAS2O-H567.71 x IAS205 
CMH78A.544-7B-lY- IB-1Y-2B-1Y-2B-OY 

IAS20-H567.71 x IAS205 
CMH78A.544-7B- 1Y- IB- IY-2B- 1Y-3B-OY 

IAS20-H567.71 x IAS205 
CMH78A.544-7B-IY- IB- IY-3B-OY 

P.AR-CJ71 x P.AR 5 

CMH80.278-2Y-8B-2Y- 1B-OY 
P.AR-CJ71 x P.AR 5 

CMH80.278-2Y-8B-2Y-3B-OY 
Thb S 

Fl1915 
Sumai 3 

Jiangsu (resistant L heck) 
Nanjing 7840 (resistant check) 

Mexico 

Mexico 

Mexico 

Mexico 

Mexico 

Brazil 

China 

China 

2 

2 

2 

2 

2 

1 

1 

0 
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Table 5. Bread wheat lines that exhibited BYD resistance at Toluca, Mexico and Sainte-Foy, Quebec, 
Canada, 1984
 

Variety or cross and pedigree Variety or cross and pedigree 

Vee No.5 'S' Buc 'S'/FIk 'S'
 
CM33027-F- I5M-500Y-OM 
 CM50070-24Y- 1M- 1Y-OY
 

Jiip/4/7C/Pato B/3/LR64/Inia6C// Jac/Aid 'S'
 
inia66/Bb/5/Ana 
 CM50523-3Y-3F- I Y- 1Y-OZ-OY
 
CM37760-C-21 Y-2M- IY-3M-OY 
 Buc 'S'/Chrc 'S' 

Pato/On//Maya 'S'/3/BbIRon//Maya 'S' CM52421-6M-2Y-2Y- IM-OY
 
CM40739-36M- 1Y- IM- 1Y- 1M-OY 
 Buc 'S'/Chrc 'S' 

Mus 'S'/Ptm//MayalAd 'S' CM5242 1-1 OM-6Y- 1Y- 1M- 1Y-OM 
CM44740-A-3Y- : M- I Y-2M- IY-2M-OY IAS58/IAS.:5//Aid 'S'/3/Mrng/4/Ald 'S'/


YR/Pam 'S' 
 1AS58.103A//Ald 'S 
CM46091-16M- 1Y-6M-3Y- I Y- IM-OY CM55517-B- 1F-701 Y- IF-707Y- 1F-OY

PF70354/Ali 'S' Aid 'S'/Pima/3/CMH74A.630/Bui S/Is
CM47090-14M- IY- 1F-703Y- 1OF-705Y-3F-OY CMH7AA.630 

Tob//CC/Pato/3/Bb/Gi /4/Nac CM57542-H-8Y-8B-4Y-OB3 
CM49624-14Y-5M- 1Y- 1Y-2M-2Y-OM Cqt/Az//!AS55/Ald 'S'/3/Ald 'S'/Nafn/4/

4777' 2//FKN/Gb/3/I'vn 'S' Pin 'S'/PELSL1276.69 
CM49912-37M-1 Y-1Y-2M- IY-OM CM58478-B-ZY- 1Y-2M- 1Y-OM 

Table 6. Durum wheats that visually appeared to have resistance to BYD, selected at Toluca, 1984 

Variety or cross and pedigree Variety or cross and pedigree Variety or cross and pedigree 

Yav 'S' * Afn 'S'/Ibis 'S'//Coo 'S'/3/Goo 'S' * P1178083/Frig 'S'//Goo'S'
CM9799-126M- 1M-4Y-OY CD-22951-5Y- I M- 1Y-2Y- 1M-OY CD-34957-D-2Y-3M- 1Y-OM

Sapi 'S'/Ber 'S' * Carc 'S' * QFN/Memo 'S'/3/Oyca 'S'//
CD 15313-4M- IY- 1M-3Y- 1M-OY CD-24831-E-3Y-3M- 1Y-1Y-OM-22Y-OB Ruff 'S'/Fg 'S'


Chen 'S' * Gs 'S'/Cr 'S'//Sba8l/3/Ho/4/ CD-35212-A-1Y-1M-2Y-OM
 
CD23184-2Y-3M-IX-IY-OM Mexi 'S'/5/Memo 'S' * Zud 

Sapi 'S'/Teal 'S' CD-27215-5B-2Y- 1Y-OM ICD-74122-2L- I AP-OAP- IKE-OY
CD23739-11Y-2M-1Y-1Y-OM * Sco 'S'/Rabi 'S'//Mcxi75 Gia 'S' 

Gediz 'S'/Bcy S,' CD-28164-B-2M- 1Y-2Y-OM CD28222-D- 1M-2Y-2Y-OM 
CD25689-1B-1Y-OY * Mo'S' * * FCA 'S'

Nile CD-29063-3Y-4Y-3M-OY CD35181 -E-2Y-2M- 1Y- I M- 1Y-OM
L74.123-OAP-1AP-OAP * Gediz 'S'/Cit71 Yva 'S'/Fg 'S'//Roh 'S'


M71 
 1 

Cr 'S'/Gs 'S'//Pg 


CD-32575- IB IY- M-OY CD43739-C-2Y- 1M- IY-IM-OY 
' * Yav 'S'/Snipe 'S'/3/Mexi 'S'/ * *GoVZ448/Mal 'S'//Tcz 'S'

CM- 13434-5Y-1M-4Y-OY P66.270//Gta 'S'* CD43752-F- l '- IM-lY- lM-OY
" Cit 71 CD-33863- I B-3Y-2M-0Y **Stint 'S' 

Moa 'S' * Yav 'S'/Snipe 'S'/3/Mexi 'S'/ CD7474-A-IM-3Y-5M-4Y-OM1 
CD 3935-1 Y- i M-OY P66.270//Gta 'S' **Corm 'S'/Rufo 'S'
 

CD-33863-2B-3Y-2M-OY D48693- 1OY- 1M- I Y-OM 

• Showed resistance in Sainte-Foy, Quebe-', Canada 

** Looked particularly good in Toluca 
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Table 7. Entries from the 1 6 th ITSN that exhibited very good resistance to BYD, Toluca, 1984 

Variety or cross and pedigree 

FS179/Lnc 'S' 
X-243694A- 1Y- 1 M-1Y-OM 

Mula 'S'/Ram 'S' 
X-5291342Y-IM-2Y- 1M-2Y-2Y-OB 

Cit "S'lSpy/3/IniaITk/CMH73A.785 
X-60529-2MP-7Y- 1MP-9YP-2MP-OY 

Pnd 'S'/Abn 'S'/JIA 
X-60518-1 MP- 1Y- 1 MP-2YP- 1MP- IYP-OM 

Pnd 'S'/Abn 'S'//IA 
X-60518-1 MP- IY-1MP-2YP-5MP- 1YP-OM 

Ptr 'S'Yo 'R'//Pnd 'S' 
X-52202-3Y-3M-1Y-3M-OY 

Table 8. Barley lines resistant -

Variety or cross and pedigree 

Dorada 
MCU33/FzaI/Tib/3/PI356456 

DII-3958-27D 
C12325/C 122251/Boy(2)/Surb(3) 

I115263-3PT-3V 
Boy/MCU3048. ID//C11463.3D 

1114127-1PI-5V 
P114116.13D/CI 12225//Cl 12917.37D 

111516-1PV-IPV-IV 
C12375/Cl 12225//Can/MCU29/3/ 

Tib/4/CI12225.23D 
II14845-3V 

Boy(2)ISurb(3)ICI 12225-2D 
1115199-1PV-5V 

Row 906.73 
Proctor/Prior/Gospick 

E-II-69-117-5E-2E-7E 

Variety or cross and pedigree 

Ptr 'S'/M2A 
X44650-12M- 1Y- 1Y-2M-2Y- I M-OY 

FS381/FS4771/Toro 'S'/3/Tge 'S' 
X6270-B- 1M-2Y- 1M- 1 Y- 1 Y-OB 

Tapir 'S'/Boa 'S' 
CT- 1830-4Y-3M-3Y-OM 

Caborca79/Ptr 'S'iLmg 'S'/Toro 'S' 
CT-2500-C- 1 Y- 1 M- 1Y-OM 

Pnd 'S'fYe75/Ptr 'S'/3/ 
Lmg 'S'Toro 'S' 
CT-2695-F-1Y-2M-2Y-OM 

Lmg 'S'/Pol 'S' 
X-64270-9Y-4M-2Y-2Y-OM 

Variety or cross and pedigree 

Abn "S'/IM2AIIRAI4/Pnd 'S'/Castor 'S'/3/ 
416/Spy//Ted 'S' 
X-63377-C-IY-2M-1 Y-1Y-OM 

Caborca79//Ptr 'S'/Castor 'S' 
X-63844- 1M-3Y- IM-2Y-OM 

Rm 'S'/IKaLBbl3/Spd 'S' 
X-66160-1M-3Y-2M-2Y-OM 

Pnd 'S'/Abn "S'/3/Tob/Cno 'S'I/M2A/4/IRAI
Cml 'S'//M2A 
X-67798-A- 1M-2Y-4M-3Y-OM 

Lnc 'S'/Abn 'S'/Ted 'S' 
X-66075-4M-3Y-2M-2Y-0M 

BYDV in Toluca, 1984 

Variety or cross and pedigree 

ESCII-72-83-3E-7E-5E- I E 
Cedro 

CMB77-1267-B- IY-1BV- 1Y- 1B- 1Y- 1B-OY 
CM72 
Sutter 
UC566 
CI 3906.1 
Promesa 
79 W 40762 
79 W 41762 
P1 382406 
79 An/Mn 

123-NV-i B-OY4 
M66.85/Aths/3/Api/CM67//DS/Apro 

CMB75A- 1617A-7B-500Y-50OB-OY 
Api/CM67//Ager 

CMB76-408-27Y- 1B-4Y- 1B- IY-OB 

Variety or cross and pedigree 

Yoa 'S' 
CMB77-125- 1Y-IB- IY-2B- 1Y-OB 

Brea/Sutter//F3 Bulk Hip 
CMB79A- 1062-C-50 1B- 1 Y- 1 B 

Ojillo 'S' 
CMB79A- 1362-B-501B- 1Y-1B 

Ojillo 'S' 
ACMB79A- 1362-B-50 1B-3Y- 1 B 

Palo Santo 'S' 
CMB79A-1524-D-500B- 1Y- 1B 

CI 3208.2 
Yori 'S' 

CMB-77A-402- IB- 1Y-4B-3Y- 1B-OY 
PI 2325/Mag1O2//Cossack 

CMB/78-452-2Y- 1B- IY- 1B- IY-OB 
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Wide Crosses
 
A. MuJeeb-Kazi 

Introduction 
In many cases, the practical 
motivation to make wide hybrids 
stems from the possibility of 
introducing desirable characteristics 
into cultivated species from related, 
alien forms. Further motivation 
arises from the possibility of 
acquiring basic cytological, 
evolutionary, or phylogenetic 
information about the parental 
species in the hybrid. It is not 
surprising, therefore, that wide 
hybrids in the Triticeae have been 
attempted and studied for a long 
time. 

The first wide hybrid between wheat 
and rye was purposely made in the 
T-iticeae over 100 years ago. Similar 
studies of wheat/barley hybridization 
were made in 1904, although it is 
improbable that any true hybrids 
were obtained. Many hybrids 
involving Tritfcum spp. and species 
of Aegilops were made during the 
1920s and 1930s. The genomic 
relationships of the genus were 
derived from these hybrids, but their 

large-scale, practical use was 
delayed until the advent of the 
colchicine treatment in the late 
1930s. 

CIMMYT began work on wide 

hybridization in 1979 (with the 

exception of the Center's triticale 

work. which dates from 1962). In 

1979. the major problems limiting 

the use of wide hybrids were the 

barriers of crossability and embryo 

development. These initial 

constraints have been overcome 
to a 
great extent, and annudl and 
perennial hybrids have b'.-n 
produced. It is highly probable that 
if other developmental constraints 
are removed, the possibilities of 
even wider hybrids can be realized. 
Such investigations are a 
continuous, integral part of the 
program, because the only practical 
approach to resolving the difficulties 
encountered in making hybrid 
combinations is to increase the 
range of parental genotypes and to 
attempt to make reciprocal 
combinations. 

Different methodologies exist for 
making intergeneric (wheat/alien 
species) combinations. In one 
method, alici germplasm Is 
screened for specific disease 
resistance or stress tolerance and 
then combined with wheat. An 
alternative approach is to combine 
the alien species or genera with 
several wheat varieties, obtain valid 
hybrids, clonally -ropagate the 
hybrids, and test the clones for 
disease or stress factors. Where 
clonal testing is not feasible, the F1 
hybrid may be advanced to a 
backcross self-fertile stage and then 
tested. Each procedure has 
advantages and limitations, and 
each is used by the program (until
1983, the latter method was given 
priority). 

The wide cross genetic base now 
available in the program enables 
several objectives to be pursued. 
These objectives include the 
incorporation of resistance to three 
diseases (Helminthosporium 
sativum, Tilletia indica (syn. 

Y", 

Dr. A. Mujeeb-Kazi of the wheat wide crosses program. 
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Neovossla Indica), and Fusarlum 
graminearum),and three types of 
stress tolerance (salt, aluminum 
toxicity, and copper deficiency). The 
genetic base undoubtedly could be 
screened for other purposes should 
the need arise. 

Hybrid Maintenance 
and BCI Seed Production 
Perennial hybrids are cloned twice 
each year, in January and June. A 
few of these clones are treated with 
colchicine for amphiploid production 
and the remainder are pollinated by 
different bread wheats to produce 
new backcross I (BCI) combinations, 
A list of all F 1 hybrids produced in 
CIMMYT is presented in Tables 1 
and 2. 

New Hybrids and 
a Range Grass Nursery 
The highly productive summer 
crossing cyLd!e undertaken in 
collaboration with the USDA in 1982 
and 1983 at Logan, Utah ceased this 
year. Instead, the program's effbrts 
were directed toward establishing a 
functional nursery of the range 
grasses in El Batan so that hybrid 
production at CIMMYT would be 
possible. Although the establish-
ment of grasses in the field has not 
been too successful, the species 
have responded well to greenhouse 
conditions. In the greenhouse, seed 
of various Agropyron and Elvmus 
species was germinated in 5-inch 
pots in a soil mix of 2 soil : 1 sand 
1 leaf manure or peat. Seedlings 
continued growing under 
approximately 14 hours of natural 
light, temperatures of 221C by day 
and 12 0 -14°C at night, and about 
55% relative humidity. After a 
juvenile growth phase of eight 
weeks, accessions were transferred 
to a growth chamber for 
vernalization regimes set at 8'C 
continuous temperature and 8 hours 
of light for six to eight weeks. 

After vernalization, accessions were 
kept under the greenhouse 
conditions described above and 
flowered synchronously. (This 
procedure may aid reseachcrs uit 
planning intergencric research for 
countries where growing range 
grasses may be difficult.) The 

accessions will be planted in the 
field at El Eatan following 
vernalization in summer 1985. 

Disease Resistance 
Helminthosporlumsativum-
In Poza Rica, 7514 lines belonging 
to derivatives of crosses of T. 
aestivi'un with A. distichum (4691), 
A. clongatum (416), and E. 
giganteus (2407) were tested for 
resistance to H. sativum. Selections 
from each combination 
demonstrated satisfactory resistance 
to the pathogen. These resistant 
selections had good agronomic type 
or were tall and late maturing. Final 
selections were based on grain finish 
(absence of the blackish-brown end 
point), 

Selections were next tested in the 
greenhouse for seedling resistance, 
and resistant seedlings were 
cytologically analyzed prior to 
screening as adult plants. The 
material had chromosome numbers 
of either 42, 43, or 44. If the 
chromosome number of the material 
was 42, progenies were either 
cuploids or carried an alien 
substitution chromosome pair 
(40 wheat plus a pair of alien 
chromosomes) that could be 
detected cytologically using 
C-banding. Where this analysis was 
not feasible, limited biochemical 
testing of the cuploids provided 
evidence of alien gene introgression. 
This conclusion is based upon 
isozyme analyses in progress; data 
for the A. distichmn derivatives are 
provided by the program's 
collaborators at the Plant Breeding 
Institute (PBI), Cambridge, England. 
Detailed cytological analysis for a 
large portion of the material has 
been deferred until the quantity of 
selected plants can be reduced from 
2080 to a more manageable 
number, 

Alien species were tested in the 
greenhouse for seedling resistance 
and several species had acceptable 
levels (Table 3). The program will 
produce additional hybrids of these 
species with Triticuni species, and 
advance the hybrids to field testing 
on a large scale in Poza Rica by 
November, 1986. 

Fusarium graminearum-
Trticum aestivum derivatives from 
combinations with A. distichum 
(2137), i. elongatum (763), and E. 
giganteus (506) were field tested in 
Toluca following inoculation. Of the 
367 selections resistant to F. 
graminenrum, 132 were from E. 
giganteus and 235 for A. distichum 
derivatives. The material was highly 
susceptible to Septoria spp. and it 
appears that screening the alien 
species in a wheat background for 
resistance to this pathogen may 
have merit (Tables I and 2). The 
severe septoria damage on the A. 
clongatum-based progenies did not 
permit satisfactory scab screening. 
The A. distichum derivatives 
seemed reistant to barley yellow 
dwarf virus (BYDV) and selections 
were made for further study. 

Tilletia indica-The Acgiiovs 
species accessions obtained fiom 
PBI have been screened for 
resistance to Karnal bunt (caused by 
Tiletia indica) using the boot 
inoculation technique under 
greenhouse conditions of 22 0 C day 
temperature. 12-14 0 C night 
temperature. 14 hours of natural 
light, and approximately 55% 
relative humidity. Disease scoring 
ranged from 0% to 100% infection
species with less than 5% Infection 
appear in Table 4. Hybridization of 
these species with '. aestivurn, T. 
turgidurn, or chromosome 5B 
genetic stocks has begun. 

Salt Tolerance
 
Salt-tolerant alien species among the
 
close relatives of wheat are A.
 
clongatum (2x, l0x), A. distichum,
 
E. giganteus, E. sabulosus, A. 
junceum (2x, 4x, 6x), and A. 
scirpeum. Hybrids have been 
produced with wheat of all of these 
species except for E. sabulosus. 
Advanced derivatives from A. 
distichnm. A.jn-corn (2x, 4x). and 
A. sch-penn have Ieen made 
available to CIMMYT's collaborators 
to test for salt tolcrance in the field 
and i-nliquid culture. Results were 
satislactory for all materials. 

Salt toleranc- is a complex 
polygenic trait, and max' not be 
easily transferred to or expressed in 
wheat. Given this difficulty, the 
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diploid A. junceum (2n = 2x = 14) 
received priority as the elite alien 
source: its chromosomes are 
amenable to C-banding (Figure 1) 
and the backcross derivatives have 
normal cytologv . Se, nL! priority 
was given to A. scirp nn , in which 
the E 1 and E 2 gcni)nics have the 
potential to be combined 
synthetically to form a modified 
genomic complex. This combination 
will presumably allow salt tolerance 
genes to be assembled in a coml)act, 
practical ulit. 'The methodology 
used is as follows: 

(a) 	 Normal procedure with no 
significant modification 
expected as a conseqluence of 
recombinat ion among 
chromosomes of the E I E2 
genones of A. scirpeum (Figure 
2). 

(b) 	 Procedure permitting significant
 
modification of tlhe EE1 E2
 
genomne chromosomes of A.
 
scir)cumn: When the 13CI (2n = 
6x = 42 AABBDD+ 14 EIE 2 ) 
derivatives were selfed, fertile 
progeny resulted, seemingly 
because of pairing between the 
E1 and E2 genome chromo
somes. If this autosyndetic 
phenomenon of ille E 1E 2 
genomes is taken advantage of, 
and the BCI is permitted to self 
for several generations, it is 
probable that a new genome 
would be synthesized, which 
might offer valuable insights 
into the tran';fcr of salt tolerance 
genes. The program has now 
advanced up to BCIF 2 for the 
modified genome and up to 
BCIII for the routine addition 
line route. 

The synthetic genome concept 
appears to be valid for most 
polygenically inherited characters 
and is associated with those alien 
species that are not strict 
autopolyploids: these are classified 
as partial allopolyploids. The 
tetraploid A. junceum fits this 
category, but selfing the BCI has not 
given a high turnover of 
56-chromosome progeny, indicating 
that the two Ju-differentiated 
genomes are not associating
perfectly through autosyndesis. 

Aluminum Tolerance were obtained from A,. triaristata 
Several Aegilops species and their (2n = 6x = 42), and excellent 
accessions have been screened for tolerance was express(d by Ac. 
aluminum tolerance in the uniaristata(2n = 2x =14) and Av. 
laboratory at CIMMYT. The first vcnt'icosa (2n 4x = 28). When 
screening was at 1.70 mM or 46 ppmn these accessions and species were 
of aluminum. Tolerant seedlings tested at 1.85 mM or 50 ppm 

r 

d 

Figure 1. C-banded chromosomes of Agropyronjunceum (2n=2x=14), a species usedfor transfer of salt tolerance to wheat (T. aestivum) 
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aluminum, Ae. triaristata seedlings
did not survive, but Ae. unlaristata 
and Ae. ventriwosa remained highly 
tolerant. The program has begun to 
hybridize tolerant accessions to 
Triticurn species. 

Copper Deficiency 
The 5A/5RL stock was obtained 
from PBI: the 5RL rye arm is 
reported to carry tie copper 
efficiency gene. The validity of this 
genetic stock must he tested before 
this trait call be transferred to elite 
CIMMYT wheat lines. 

CIANO 1983-84 Cycle 
In 	the 1983-84 cycle at CIANO, 
10.246 advanced lines were planted 
to evaluate plant type -:id leaf and 
stem rust resistance. T,. naterial 
comprised the followin, 
combinations (the objective(s) of 
each combination is indicated i-i 
parentheses): 

1. 7'. aestivunlE. gi!antcis (,x) 
(Salt. Fusariurnspp., 
flchninthosporium spp., 
Tilletia indica) 

2. '. aestivutnlA. dfstwliun (4x) 
(Salt, F'usariutn spp., 
Helinhithosporiurnspp.) 

3. '. aestivnin/A. clongatnn 
(1Ox) (Salt, Fusariurnspp., 
Hehninthosporuin spp.) 

4. 	T. aestivurn/E.dahuricus (6x) 
(Helminthosporiurnspp.) 

T.aestivumn x A. scirpewn 

5. 	E. canadensis(4x)/T. 
aestvum (Helminthosporitm 
spp.) 

6. T. aestivurn/A. junceum 
(6x)(Salt) 

7. 	T. aestivurnlA. junceurn (4x)
(Salt. Hchnir"" poriirn spp.)

8. 	7'. turgidunh, aistichurn (4x) 
(Salt 	 Fusarium spp., 

ltchnAthosporiutn spp.) 
9. 7'. turgidumlA. elotigaturn 

(lOx) (Salt. Fusariurnspp., 
llelninthosporium spp.) 

10. '. acstihni/H. vuI/!are (2x) 
(High protein/high lysine) 

The most promising combinations 
for desirable plant type were from A. 
dtieuilt. followed by E. gigfAwilcus. 
The A. distichutn derivatives 
included selections for earliness, 
reduced plant height, erect leaves. 
white grain, absence of the I/IR 
translocation (derivatives have 
Genaro 81 and Inia 66 in the 
pedigree), excellent agronomic type,
and Agrop"vron spp. spike type 
characterized by stiff awns. A 
combination of several of these 
characters was obscrved in an 
advanced line as well. Selections 
resistant to leaf rust were identified 
even though both Inia 66 and 
Genaro 81 were susceptible. The E. 
gig.,antcus derivates had problems 
with leaf yellowing that are not 
characteristic of Pavon. Presumably 

F1 hybrid x T.aestivum 

n = 5x = 35 

(ABDE 1 E2) 


Backcross I* x T. aestivum 
2n = 6x = 42 + 14 l 
(AABBDD" 1 

BackcossI x T. aestivum 
2n = 6x = 42 + 14 
(AABBDD+ 1E2) 

Backcross It derivatives 

2n --6x = 42 + 7 (generally)
(AABBDD - E1/E2 = 7) 

Selfing of BCI for n generations permits synthetic genome formation 

Figure 2. Procedure for advance of 7 aestivumlA. scirpeum for development of BCI 
progeny 

the Chinese Spring female parent in 
the F1 was still contributing its poor 
agronomic traits. All other hybrid 
derivatives are still in the early 
stages of testing. 

Early field testing of the different 
hybrids allows the program to make 
predictions cc'icerning their 
ultimate practicality. After field 
testing, it appears that satisfactory 
plant types will not be obtained 
from wheat combinations with E. 
dahuricusand E. canadensis,even 
though both species are excellent 
sources for resistance to H. sat/'vini. 
The principal detects in their BC 
derivatives werecehlorotic foliage, 
weak and open tillers, tall progeny. 
asynchronous spike initiation, and 
small, tapering, poorly-filled heads. 

El Batan 1984 Cycle 
''he 1984 cycle at El Batan included 
all selections made at CIANO in the 
1983-84 cycle. Altogether, 3338 
lines were tested and the BC 
derivatives produced in CIANO were 
also planted. New combinations that 
were field tested in El Batan 
consisted of several 13CII or BCIIFI 
lines. The alien species involved 
were A. scirpeurn. A. juncen (2x). 
A.juncetun (4x), A. intermediurn. A. 
triehophorirn.A. v'ansense. A. 
puleherrinjurn.A. iwutni. A. 
eurvithlimn. A. repens - A. 
desertorurn. and A. stipilbliuim. 
Additional backcrosses were made 
on plants from all of these 
derivatives using elite wheat lines as 
the BC parents. The incidence ofleaf rust was high, but thederivatives af A. s;irpeurn were 

remarkably resistant. All lines had a 
cytological history, thus enabling 

selection criteria to be relaxed, since 
the presence of 7-19 alien 
chromosomes is positively correlated 
with poor agronomic type. Three 
additional crossing and field testing 
cycles will bring about considerable
1miprovenicist in plant type in these 
lines. 

Nursery sets from A. distiehinn andE. giganteus advanced lines were 
sent to Pakistan. Bangladesh. and 
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the Philippines. A field site in 
Mexico will be used in 1985 to test 
the salt tolerance of these 
derivatives, 

Greenhouse Studies 
In the greenhouse. 6031 individua! 
plants were subjected to cytological 
analysis. These plants included 
early generation wide crosses of T. 
acstivum and/or T. turgidurn with 
the various Aeglilops, Agropyron. 
Elym us. Haynaldia, fordeum, and 
Secalc species. Some selection is 
practiced in the greenhouse 
material, and plants with 
unsatisfactory agronomic type are 
discarded. The chromosome history 
of each plant is a strong selection 
indicator; for progenies with a large 
number of extra chromosomes, the 
selection criteria are kess stringent, 
Selections from the greenhouses 
were planted for field observation in 
El Batan, and other selections from 
the greenhouse were planted in the 
fall in the CIANO 1984-85 -ycle. The 
basic working format for greenhouse 
material is shown in Figure 3. 

Special Research Areas 
Mono-5B chromosome-The 
transfer of the mono-5B chromo-
some stock from T. aestlvum cv. 
Chinese Spring to three CIMMYT 
wheats (Ciano 79. Nacozari 76. and 
Pavon 76) is progressing 
satisfactorily. Some BCIV seed has 
been produced and despite the 
difficulties inherent in advancing 
mono-5B-based intergencric hybrids, 
the program will attempt to produce 
hybrids using these stocks in 1985. 

A. Junceum hybrids-The A. 
junceum diploid species x T. 
acstivurn hybrid has been crossed 
successfully with T. turgidum, 
yielding a 42-chromosome progeny 
(AABBDJu). The derivatives were 
then crossed to wheat, leading to 
progeny that a.. genomically 
expected to be AABBD(D/Ju). If a 
translocation between D and Ju 

occurs it will be heterozygous and 
may be detected by C-banding, if 
chromosomes AS, BL, CS + CL. 

involved (S = short arm, L = long 
arm). Single addition chromosomes 
to wheat have also been developed 
and these will be crossed with T. 
turgidum to produce AABBD + 
alien (i.e., 36-chromosome) progeny. 
The translocation products of this 
alien/D genome chromosome are yet 
to be assessed for the salt tolerance 
potential of the alien species, 

Service Functions 
Several durum and bread wheat 
lines were crossed to different rye 
sources to provide CIMMYT's 
triticale program with new primary 
triticales. Approximately 400 hybrid 
embryos were produced and plants 
possessing n = 3x = 21 or n 
4x = 28 chromosomes were 
identified. These have been treated 
with colchicine and the production 
of fertile amphiploids is expected. 

Bread wheat lines in the 1983-84 
cycle in small multiplication plots 
(PCs) and the Crossing Block (CB) 
were analyzed for the IB/IR 
translocation chromosome. The 
choice of lines to be evaluated was 
based on analyses conducted in 
1982. in which the contributing 
sources of IB/IR were Kavkaz, 
Aurora, Weique x Red Mace. or their 
recipient derivatives. Approximately 
52% of the entries in the PCs and 
CB possessed the IB/IR 
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translocation. Analyses were 
conducted by isozyme assay at PBI 
(C.Ainsworth-M.Gale) and/or by 
N-banding at the CIMMYT 
laboratory. 

Future Trends 
In the future, the emphasis in wide 
crosses will shift to the production 
of intergeneric hybrids of wheat 
with diploid alien species. and 
intergeneric hybrids of polyploid 
alien species (identified for disease 
resistance or stress tolerance) with 
PhPh mutant stocks of the Triticurn 
species. The diploid species will also 
be hybridized with wheat genetic 
stocks to obtain recombinations in 
the F 1 hybrids. Aegilops species will 
receive priority, as they are 
considerably easier to hybridize with 
wheat (for example, Aegilops 
umbellulata for Karnal bunt 
resistance, and Acgilops uniaristata 
for aluminum tolciance). 

The predomiant constraint in 
about 95% of the hybrids produced 
by the program is the lack of 
wheat/alien chromosome 
recombinations through 
chromosome pairing in the F 1 
(Figure 4). Ideally, the high pairing 
meiotic associations of T. 
aestivurn/A. scythicum (Figure 5) or 
T. acstivum/A. junceum (Figure 6) 

Greenhouse material 
(complete cytology)

4 
Selections
 

(selfed and backcross seed)
 

El Batan field cycle 

4 
Back rosses 

Greenhouse 

for cytology
 

Increased site testing (Toluca, Poza Rica); cytology deferred 
DS + DI,. ES, FS + FL. GL are to elite lines 
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Figure 4. A T.aestivum/alien species 
(A.repens-A. desertorum) hybrid 
with 35 chromosomes at meiotic 
metaphase I showing predominance 
of univalents (lack of recombination). 

Figure 5.A T.aestivum/A. scythicum 
hybrid with 35 chromQsomes, 
showing high recombination at 
meiotic metaphase I. 

Figure 6. T.aestivum/A. junceum
hybrid with 35 chromosomes at 
meiotic metaphase I showing rod 
and ring bivalents attributed to 
autosyndetic and/or homoelogous 
pairing. 
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Table 1. Some perennial intergeneric and trigeneric hybrids maintained at El Batan under greenhouse 
and/or field conditions 

Cross Chromosome 

Cross combination numbera number 

T. aestivurn/Agropyron spp. 

Chinese Spring/A. acutun B82-10824 n = 6x = 42 
Fremont/A. acwtum B82-11004 n = 6x = 42 
Nacozari 75/A. acutuin B82-11058 n = 6x = 42 
Chinese Spring/A. caespitosuln B82-10692 n = 5x = 35 
Chinese Spring/A. carnpestre B82-10759 n = 7x = 49 
Chinese Spring/A. curvifoltum B82-10939 n = 5x = 35 
Chinese Spring/A. elongatuni (10x) B81-1084 n = 8x = 56 
Chinese Spring-Cno (E)/A. clongatunm (lOx) B81-1176 n = 8x = 56 
Nyu Bay/A. elongatum (lOx) B81-1194 n = 8x = 56 
Pavon 76/A. elongaturm (lOx) B81-1064 n = 8x = 56 
Zaragoza/A. e!ont,atum (10x) B81-1065 n = 8x = 56 
Chinese Spring/A. intermedium B82-10516 n = 6x = 42 
Glennson 81/A. inte-rnedurm B82-10848 n = 6x = 42 
Naeozari 75/A. intermctiurn B82-10656 n = 6x = 42 
Chinese Spring/A. podperae B82-5063 n = 6x = 42 
Chinese Spring/A. pulcher-rirnum B82-10643 n = 6x = 42 
Chinese Spring/A../unecurn (2x) B82-10840 n = 4x = 28 
Chinese Spring/A. junceurn (4x) B82-10780 n = 5x = 35 
Fielder/A. junceuni (4x) B82-10990 n = 5x = 35 
Fremont/A.junceun (4x) B82-10910 n = 5x = 35 
Pavon 761A. junceurn (4x) B82-10995 n = 5x = 35 
Chinese Spring/A. junceuin-niediterranean(6x) B82-11049 n = 6x = 42 
Tobari 66/A. junceuin-rncditerrancan(6x) B79-1006 n = 6x = 42 
Chinese Spring/A. rechingeri B82-10682 n = 5x = 35 
Pavon 76/A. rechingeri B82-10669 n = 5x = 35 
Chinese Spring/A. repens B82-5049 n = 6x = 42 
Chinese Spring//A. repenslA. desertorumn (C-3) B82-10559 n = 35 = 57 

to 10585 
Chinese Spring/A. scirpeuin B82-11042 n = 5x = 35 
Chinese Spring/A. scythicurn B82-10865 n = 5x = 35 
Freniont/A. scythicun B82-10861 n = 5x = 35 
Chinese Spring/A. trichophorum B82-10602 n = 6x = 42 

Chinese Spring/A. varnense B82-10899 n = 6x = 42 
Nacozari 75/A. varnense B82-10948 n = 6x = 42 
Pavon 76/A. varnense B82-10975 n = 6x = 42 
Fielder/A. varnense B82-11008 n = 6x = 42 
Chinese Spring Ph Ph/A. acuturn B83-4630 n = 6x = 42 
Chinese Spring Ph Ph/A. caespitosurn B83-4614 n = 5x = 35 
Chinese Spring Ph Ph/A. clongatum B84-5984 n = 8x = 56 
Chinese Spring Ph Ph/A. interncdiun B84-5995 n = 6x = 42 
Chinese Spring Ph Ph/A. trichophorum B84-6002 n = 6x = 42 
Chinese Spring Ph Ph/A. varnense B83-4626 n = 6x = 42 

(continued) 
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Table 1 (continued) 

Cross ChromosomeCross combination numbera number 

T. 	 acstixtn/Haj.;naIdia spp. 

Chinese Spring/U. villosa B32-2528 n = 4x = 28 

T.acstivtinI/Ellus spp. 

Fremon/E. angiistus Log82-135 n = 9x = 63 
Chinese Spring/E. chicreiis B82-10694 n = 5x = 35 
Chinese Spring/E. gigat:;eus B79-1002 n = 5x = 35 
Chinese Spring/E. giganteus B82-10652 n = 5x - 35 
Chinese Spring/E. triticoides B82-10653 n = 5x = 35 

Agfropyron spp./T aestivun 

A. 	 clongatin (10x)/Bonza B81-1058 n = 8x '. 56 
,nA. 	 tlongalu (lOxJ/Jupateco 73 B80-1054 n = 8x 56 

A. 	 fibrosuni/Pavon 'S' B81-1037 n = 5x = 35 
A. 	 I'brosun/Pavon 76 B81-1038 n = 2x = 14 

Elrvnus spp./T. f-stivuni 

E.agropvroidcs/Chincse Spring-Ciano (E) B81-1012A 
E.agropy'roidcslN'uBay B79-1018 n = 6x = 42 
E. agropyroides/Zaragoza75 B79-1019 n = 6x = 42 
E. dahuricuslPitic 66 	 nB81-1009A = 6x = 42 

Othcr combinations 

A. 	 elongatun (4x)/f1. vulgare B79-1009 n = 3x = 21 
A. 	junceun (2x)/A. lunceun (4x) 1384-5982 n = 3x = 21
A. 	elongatitn (4x)/S. cereale 1379-1008 1 = 3x = 21 
A. 	 trachycatuluni/E. gigantceis Log80-70 n = 4x = 28
E. agropyroides/E. giganteus Log80-22 n = 5x = 35 
E. 	canadensislH.vulgare B79-1027 n = 3x = 21 
Elynius spp./S. cercalc (4x) B81-1008 n = 4x = 28 
If. 	 vulgarelE. canadensis 1379-1031 n = 3x = 21
H. 	vulgarc-IE. patagonicus 1379-1015 n = 4x = 28 

T. 	turgidun/Algrolpyronspp. 

Cocorit 71/A. ,cutriinn B-4316 n = 5x = 35 
G-803/ i. aciutuin B83-4604 ii = 5x = 35 
Y',,'.,ros 79/A. acuatn B83-4297 ni = 5x = 35 
Cocorit 7IA. lit oralhc-caltipt'stre B83-4337 n = 6x = 42 
Coorit 71/A. infcrnl-dihtni B83-4346 ii 5x = 35 
Mexicali 75/A. intcrnxidiutni B83-4438 n = 5x = 35 
Y'avaros 79/A. intcrinudiuin B83-4309 n = 5x 35 
Cocorit 71/A../ulc-un (,Ix) B83-4373 n = 4x = 28 
Cocorit 71/A..Iuncutn-nu-diterranean(6x) 1379-1004 ji = 5x = 35 

(continued) 
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Table 1 (continued) 

Cross ChromosomeCross combination numbera number 

Cocorit 71/A. podperae B81-5036 n = 5x = 35 
Mexicali 75/A. podperac B83-4416 n = 5x = 35 
Cocorit 71/A. pulcherrimum B83-4385 n = 5x = 35 
Mexicali 75/A. pulcherrimum B83-4470 n = 5x = 35 
Mexicali 75/A. scvthicurn B81-5040 n = =4x 28 
Mexicali 75/A. trichophorum B83-4524 n = 5x = 35 
Mexicali 7F/A. varnense B83-4536 n = 5x = 35 
G-803/A. varnense B83-4572 n = 5x = 35 
Cappelli Ph Ph/A. acutum B83-4552 n = 5x = 35 
Cappelli Ph Ph/A. internedium B83-4545 n = 5x = 35 
Cappelli Ph Ph/A. varnense B83-4546 n = 5x = 35 

T. timopheevil/Agropyron spp. 

T. timopheevillA. elongatun (lOx) B81-1241 n = 7x = 49 

Agropyron spp./T. turgidum 

A. tlongaturn/Cocorit 71 n =B79-1012 3x = 21 
A. fiwrosumICocorit 71 B81-1040 n = 4x = 28 
A. fibi.,sumlMexicali 75 B80-1046 n = =4x 28 
A. fibrosum/Quilafen B80-1050 n = 4x = 28 
.4.scabrifollum/Mexicali L80-1765B 
A. sibericuin/Cocorit71 L80-1062 n = 4x = 28 
A. trachycaulum/Cocorit 71 B80-1033 n = 4x = 28 
A. trachycaulum/Mexicali B80-1032 n = 4x = 28 

Elymus spp./T turgidurn 

E. virgincus/Cocorit71 B8 1-5035 

Trigencric hybrids 

A. ffbrosum/T turgidurnl/S.cereale L80-1758B n = 5x = 35 
E. canadensis/T aestivumlS. cereale B84-6025 n = 6x = 42 
T. aestivumA. curvlfoltumIlS. cereale B83-6112 n = 6x = 42 
T. aestivurnIA. intermedlumlS. cereale B83-6153 n = 7x = 49 
T. acstlvumlA.junceurn (4x)//S. cereale B83-5269 n = 6x = 42 
T. acstiviin/A. pulcherrimurn//S.cereale B84-6023 = =n 7x 49 
7.aestlvumlE. glganteus//A. elongatum B81-1255 ni = lOx = 70 
T. aestivumlE. giganteus//T aestivurnl3 B81-1259 =n 59-66 
A. clongaturn 

T. aestivumlE.giganteuslS.cereale B81-1270 n = 6x = 42 
T. tlmopheevil/H. bogdanfl*//S. cereale B81-5109 n = 4x = 28 

* F 1 source G. Kimber obtained as amphidiplold 
a The cross number assigned to each combination will be the reference number used for that combination in the future 
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Table 2. Annual intergeneric hybrids between Triticum turgidum and T. aestivum with some alien 
species 

Cross Chromosome 
Cross combination numbera number 

7'. turgidum/Acgilops spp. 

Cocorit 71/Ae. biuncialis (11B) B84-546 = =n 4x 28 
Yavaros 79/Ae. biuncialis (10A) B84-549 n = 4x = 28 
Yavaros 79/Ae. caudata (16A) B84-561 n = 3x = 21 
Cocorit 71/Ac. ovata (3A) B84-539 n = 4x = 28 
Mexicali 75/Ae. ovata (3A) B83-3823 n = 4x = 28 
Yavaros 79/Ac. sharonensis(29A) B84-563 = =n 3x 21 
Cocorit 71/Ac. umbellulata (1A) B84-538 n = 3x = 21 
Mexicali 75/Ac. uniaristata(22B) B84-572 n = 3x 21= 
Yavaros 79/Ae. vavilovil (41A) B84-570 n = 5x = 35 

7. acstivum/Aegilops spp. 

Genaro 81/Ac. biuncialis (11 B) B84-176 n = 3x = 35 
Nacozari 76/Ac. bluncialls (10A) B84-212 n = 5x = 35 
Pavon 'S'/Ae. biuncialis (10A) B84-90 n = 5x = K 
Pavon 'S'/Ac. bluncialis (11 B) B84-161 n = 5x = 35 
Alondra 'S'/Ae. caudata (16A) B83-1007 n = 4x = 28 
Ciano 79/Ac. caudata (16A) B84-533 n = 4x = 28 
Chinese Spring/Ae. columnaris (9A) B84-82 n = 5x = 35 
Nacozari 76/Ac. columnaris (9A) B83-2517 n = 5x = 35 
Genaro 81/Ae. crassa (40c) B83-1035 n = 6x = 42 
Genaro 81/Ae. cylindrica (18G) B83-2523 n = 5x = 35 
Glennson 81/Ac. cylindrlca (18G) B83-2508 n = 5x = 35 
Pavon 'S'/Ac. cylindrica (17A) B83-2468 n = 5x = 35 
(Tibet source)/Ac. cvlindrica (17A) B84-207 n = 5x = 35 
Chinese Spring Ph Ph/Ae. juvenalls (45A) B83-2459 n = 6x 42= 
Nacozari 76/Ae. longfssima (27A) B83-2655 n = 4x = 28 
Chinese Spring mono 5B/Ae. ovata (3A) B83-1005 n = 5x = 35 
Ciano 79/Ae. ovata (3A) B84-259 n = 5x = 35 
Fremont/Ae. ovata (3A) B83-2515 = =n 5x 35 
Nacozari 76/Ae. ovata (3A) B84-145 n = 5x = 35 
Alondra 'S'/Ac. sharonensis (29A) B83-1060 = =n 4x 28 
Fremont/Ac. sharonensis (308) B84-3818 n = 4x - 28 
Genaro 81/Ae. sharonensis (29A) B84-229 n = 4x = 28 
Nacozari 76/Ac. sharonensis (29A) B84-201 = =n 4x 28 
Nacozari 76/Ac. sharonensis(30B) B84-129 n 4x = 28 
Pavon 'S'/Ae. sharonensis(29A) B84-117 = =n 4x 28 
Pavon 'S'/Ac. sharonensis (30B) B84-113 n = 4x = 28 
Zaragoza 75/Ac. sharonensis(29A) B83-1062 n = 4x = 28 
Genaro 81/Ac. triaristata(5F) B83-2526 n = 5x 35 
Inia 66/Ae. triaristata(5F) B83-1038 =n 5x = 35 

(continued) 
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. .......... .. .. . 

Table 2 (continued) 

Cross combination 
Cross 

numbera 
Chromosome 

number 
Inia 66/Ac. triaristata(6G) B83-1009 n = 5x = 35Pavon 'S'/Ac. triarisfaia(6G) B83-2491 n 5x = 35Fremont/Ac. triaristata(7A) B84-2525 n = 6x = 42Nacozari 76/Ac. triaristafa(813) B84-81 n - 6x = 42
Genaro 81/Ae. triuncialis (14A) B84-191 n= 5x = 35Glennson 81/Ac. triuncialis (14A) [383-2432 n = 5x = 35Nacozari 76/Ac. triuncialis(14A) B84-185 n = 5x = 35Pavon 'S'/Ac. triuncialis(14A) B84-97 n = 5x = 35Chinese Spring/Genaro 81//Ac. urnbcllulata(IA) B83-1055 n = 4x = 28Ciano 79/Ac. umbellulata (]A) B84-530 n = 4x = 28
Genaro 811Ac. uniaristata(21A) B83-1084 n = 4x = 28Chinese Spring mono 5B/Ac. variabilis (13 E) B84-238.239 n = 5x = 35Ciano 79/Ac. variabilis(12A) 1384-272 n = 5x 35Ciano 79/Ac. variabilis(13E) B4-270 n = 5x - 35Genaro 81/Ac. variabilis(12A) B84-222 n = 5x = 35Genaro 81/Ac. variabilis(13E) !,94-246 n = 5x = 35Pavon "S'/Ac. variabilis(12A) [1,3-2527 n = 5x = 35Chinese Spring mono 513/Ac. vavilovii (42B) i183-1039 n = 6x = 
Genaro 811Ac. vavilovii (41A) 

42 
B83-1037 n = 6x = 42

Genaro 81/Ae ventricosa (44B) B83-1070 n = 5x = 35 

Aegilops spp./T. aestivum 

Ac. longissirnalCiano79 B84-277 n = 4x = 28 

H. vulgarelT. turgidum 

Mauker/Cocorlt 71 B79 n = 3x = 21 

H. vulgarelT aestivum 

Mauker/Tobari 66 B79 n = 4x = 28 

T. aestivumlH. vulgare 

Tesia/Calmr. Dickson Hiproly B81-L-1003 n = 4x = 28 

a h'le cross number assigned to each combination will be the reference number used for that particular
 
combination in the future
 

64 



Table 3. Alien s-pecies exhibiting seedling resistance to
 
Helminthosporium sativum in greenhouse testing at El Batan, 1984
 

Chromosome Disease a Scoring scale: 1 = Resistant,
Alien species number scorea 5 = Susceptible* Hybrid germplasm available 
Agropyronjunceum* 2n = 2x = 14 1 in CIMMYT 
Agropyron elongatum* 2n = 2x = 14 1 
Agropyron yezoense 2n = 4x = 28 1
 
Agropyron scabrifolium* 2n = 4x = 28 
 1
 
Aegilops squarrosa 2n 2x 14 1
= = 

(several accessions) 
Aegilops triuncialis 2n = 4x = 28 1 
Haynalda villosa* 2n = 2x = 14 1 
Agropyron campestre* 2n = 8x = 56 2 
Agropyron scirpeum* 2n = 4x = 28 2
 
Agrop.vron rechingeri* 2n = 4x = 28 
 2 
Agropyron trachycaulum* 2n = 4x = 28 2 
Agropyron ferganensis 2n = 4x = 28 2 
Agropyron subsecundum* 2n = 4x = 28 2 
Agropyron scythicum 2n = 4x = 28 2 
Elymusjunceus 2n = 2x = 14 2 
Elymus dahurlcus* 2n = 6x = 42 2 
Elymus arenarius 2n = 4x = 28 2 

Table 4. Alien species with less than 5% infection following boot 
inoculations with Neovossla indica 

CIMMYT 
accession Chromosome %

Alien species number number Infection 

Aegilops umbellulata 1A 2n = 2x = 14 0 
Ae. ovata 3A = =2n 4x 28 0 
Ae. ovata 4E 2n = 4x = 28 0 
Ae. triaristata 5F = =2n 4x 28 0 
Ae. triaristata 6G 2n = 4x = 28 0 
Ae. triaristata 7A 2n = 6x = 42 0 
Ae. columnaris 9A 2n = 4x = 28 0 
Ae. variabilis 12A 2n 4x 28 3= = 
Ae. variabilis 13E 2n = 4x = 28 0 
Ae. triuncialis 15x 2n = 4x = 28 1 
Ae. ci'Jndrica 17A 2n = 4x = 28 2 
Ac. , vlindrica 18G 2n = 4x = 28 1 
Ac. ';sa 37A 2n = 4x = 28 0 
Ac. crassa 38d 2n = 4x = 28 0 
Ae. vavilovii 41A 2n = 6x = 42 0 
Ac. ventricosa 43A 2n = 4x = 28 0 
Ae. juvenalis 45A 2n = 6x = 42 0 
Agropyron fibrosum 2n = 4x = 28 0 
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Germplasm Development
 
R. Rodriguez R. 

Introduction In 1984, special priority was given
The basic objectives of germplasm to combining broad disease 
development in the Wheat Program resistance and aluminum tolerance, 
are to develop bread wheats, durum assessing isogenic lines for rust
wheats, triticales, and ryes resistance, improving certain yield
possessing such special components, and evaluating
characteristics as disease resistance triticales derived from triticale x 
or tolerance to high levels oi free wheat crosses. Work on early
aluminum. After the yield and plant maturity quality characteristics 
type of this germplasm have been (especially loaf volume), and 
improved, it becomes available to interspecific crosses in wheat 
the breeding programs and is used increased. Attempts to raise the 
in developing new CIMMYT lines. ,rotein content of bread wheat have 
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,;.and 
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'!.possible 
•s,,concomitant 

continued, but this project received 
less attention in 1984 than in 
previous years. 

Bread Wheats 
Protein content-Experiments 
were performed during the 1983-84 
cycle to determine grain and protein
yield in the uniform lines designed 
for this purpose, and results similar 
to those obtained in the 1982-83 
cycle were obtained. The grain yield, 
protein content expressed as kg/ha, 
and loaf volumes of the best lines in 
these trials are given in Tables 1,2, 
and ,3. 

Grain yields of several lines were 
similar to those of the commercial 
check varieties, and some lines 
produced more protein per hectare 
than the checks, Tesia 79 and Ciano 
79. Moreover, entry 31, third in 
yield in Experiment 2, was equal or 
superior to Tesia 79 in protein
content and superior in loaf vL,lume 
over two cycles (1982-83 and 
1983-84) (Table 2). Yields of entry 
69 were equal to those of Tesia 79. 

this line surpassed Tesia 79 and 
Genaro 81 In protein content and 
loaf volume (Table 3). Compared to 
Ciano 67. entries 31 and 69 yielded 
better and had a higher protein
content, although their loaf volumes 
were similar to that of CIANO 67(Tab le 3 ). 

These data cannot be considered 
conclusive after only two cycles of 
tests, but they do indicate that it Is 

to raise protein content. A 
improvement in loaf

volume, which is a characteristic of 
great importance in bread making, 
may also be possible (Tables 1, 2.
aild 3), 

9 Ing. R. Rodriguez, head of the 

'.' 

germplasm development program,
examines materials that may prove
useful in improving yield components
in bread wheat. 
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In 1985, new material will be 
evaluated in yield trials to collect 
more data on protein content, grain 
yields, and loaf volume of bread 
wheats. 

Early maturity-Time to maturity 
can determine the acceptability of a 
variety for production in a given 
region. An early-maturing variety of 
wheat makes sowing possible where 
environmental conditions necessary
for the crop's development exist 
only for a brief part of the year, and 
permits cultivation of land that lies 
fallow for short periods of time. This 
characteristic also enhances the 
ability to grow two or even three 
crops in one year. 

For these reasons, the germplasm 
development program has been 
selecting for this trait for some time, 
and has identified early maturing 
lines (Table 4). The earliest 
maturing lines are derived from Bb 
No. 	7/Nap 1al//MahrattalMaya 'S' 
(cross CMH73A.497); some of them 
head five days before Ciano 67 and 
Sonalika. For several cycles, this 
material has been used in crosses 
with higher yielding varieties of 
bread wheats in an attempt to 
maintain earliness; while increasing 
yield potential. Efforts are also being 
made to transfer earliness to durum 
wheat and triticale. 

Disease resistance in aluminum-
tolerant germplasm-CIMMYT's 
cereal improvement programs have 
recognized the advantage of 
developing germplasm that is both 
resistant to diseases and tolerant to 
high levels of aluminum. Nearly 
isogenic lines, in which height and 
earliness were modified, were 
developed from aluminum-tolerant 
Brazilian varieties having resistance 
to diseases prevalent in Brazil. The 
second phase of the breeding work 
involves crossing the better isogenic 
lines (material similar to that shown 
in Table 5) to obtain material with 
good agronomic type, aluminum 
tolerance, and resistance to 

prevalent diseases. Numerous single 
and multiple crosses have been 
made to achieve this goal, and 
crosses that demonstrated the best 
agronomic performance in the 1984 
summer cycle are included in Table 
6. If this project is successful, the 

improved material can be used to 

develop wheats for subtropical 

regions, 


Leaf rust resistance-In the 
1983-84 cycle, yield tests were 
conducted on nearly 100 advanced 
isogenic lines of such varieties as 
Yecora 70, Inia 66, Sonalika, and 
Jupateco 73, each of which carried 
one of the genes Lr9, Lrl9, Lr20, 
Lr2l, or Lr24. Their performance 
was similar to that observed in yield 
tests performed in past cycles. Many 
lines yielded more than their 
recurrent parents, and Agatha-
Yecora 70 was outstanding, 
continuing to show yields 
comparable to those of the highest
yielding current commercial 
varieties. The overall performance of 
Agatha-Yecora 70 should be further 
evaluated to determine the 
feasibility of using this isogenic line 
as a variety as well as in multilines. 

Yield components-Several 
uniform lines of large-spiked wheat 
that demonstrated agronomic type
and grain development suitable for 
the conditions of the Yaqui Valley 
were identified in 1984. The 
agronomy program began to study 
the performance of these lines under 
different cultural practices to 
evaluate thcir yield potential. By
1985, more advanced lines with 
better agronomic type and grain-
filling potential will also be 
submitted for screening under 
different agronomic practices. 
Information ebtained from these 
trials will help determine how this 
material might be made to yield 
better. 

Variability for yield potential does 
not appear to be exhausted in 
wheat, especially if its related 
species are considered. The large

spiked wheats obtained so far, 
which have more than 50 spikelets 
per spike, are tremendously useful 
because they provide more space for 
grains to develop, a quality that will 
make any increase in yield readily 
apparent. This attribute could prove 
to be helpful in the program's 
search for bread wheat germplasm 
with higher yield potential. 

Durum Wheat 
Breeding objectives in durum wheat 
mainly concern such characteristics 
as 	solid stem, stem rust resistance, 
lax spikes, early maturity, and yield 
componepts. Considerable progress 
has been made in breeding for these 
traits, although material with the 
best agronomic type has been 
obtained in solid stem wheats. The 
following lines showed 
homozygosity for solid stems under 
conditions at El Batan during 
summer, 1984: 

* 	CMH74.1053/6*ZB//
 
Corm 'S'/3/CMH74.1053/6*ZB
 
CMH82A.1014-A-IB-1Y
 

* 	 CMH76A.169/3*Mex75
 
CMH82A.844-1B.3Y
 

0 CMH76A.169/2*Mex75//Yav 'S' 
CMH82A.847-2B-2Y 

* 	 CMH76A.169/2*Mex75//Hui 'S' 
CMH82.692-3Y'IB-2Y 

* 	 CMH76A.169/2*Mex75// 
Mex75/2*Shwa 'S' 
CMH82A.858-2B-2Y 

* 	CMH76A.169/2*Mex75// 
Mex75/2*Shwa 'S'/3/Corm 'S' 
CMH82A.853-2B-3Y 

Since this material Is homozygous 
for solid stem and good agronomic 
type under conditions at El Batan, 
no problems are anticipated with the 
incorporation of this characteristic 
into durum wheat advanced 
materials. 
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Triticale 
Past reports on germplasm 
development have mentioned that 
breeding work with triticales is 
based mainly on triticale x wheat 
crosses. From these crosses, lines 
that are phenotypically triticales, in 
which one or several traits come 
fiom wheat, have been selected, as 
well as lines that are phenotypically 
wheat, but possess some 
characteristics of triticale. In this 
way, triticale lines were recovered 
whose height, early maturity, 
texture, and grain-filling potential 
were modified by factors transferred 
from the wheat. These lines show 
good uniformity and are apparently 
more stable than conventional 
triticale varieties. They also show 
low alpha-amylase activity, and their 
grain yields are comparable to tho-e 
of normal triticales (Table 7). 

These advantages have two 
implications for future work in 
germplasm development. First, 
triticale's agronomic type and grain-
filling potential can be improved 
through triticale x wheat crosses; 
second, if triticale has greater 
biomass potential than wheat, then 
triticale lines should be developed 
for cultivation not only on marginal 
lands, but also on the best land 
currently set aside for wheat 

production. In the next few years, 
the program will have at its disposal 
material that can be studied with 
regard to these two points. 

Some of the triticale lines that are 
phenotypically wheat, or very nearly 
so, contain rye chromosomes, 
During the 1983-84 season at 
CIANO, Dr. A. Merker collected 
samples of this material to study it 
cytolegically and determine its 
chromosome composition (Table 8). 
Since disease reststance, high lysine 
content, drought and cold tolerance, 
tolerance to low pH and to 
aluminum, and an efficient 
assimilation of copper are found in 
the chromosome complement of rye 
(A. Merker, personal 
communication), this analysis 
hlcped indicate which lines were 
useiul. 

Interspecific Crosses 

The Wheat Program has recently 
shown great interest In setting up a 
program for interspecific crosses in 
the hope of discovering new sources 
of disease resistance, drought and 
salt tolerance, and generally 
broadening the genetic variation 
essential for developing better wheat 
varieties. The program currently 
possesses several collections, 

including such species as Triticum 
araraticum,T. boeotfcum, T. 
monococcum, 7.urartu, T. 
dicoccuni, T. dlcoccoldes, and T. 
zhukovsky 

During the 1984-85 season, these 
species will be observed for the first 
time at CIANO. This initial crop will 
provide an opportunity to increase 
seed of these species, since a 
considerable quantity will be 
necessary to evaluate their disease 
resistance and performance under 
different environmental conditions. 

International Nurseries 
In 1984, four nurseries were 
prepared for cooperators upon 
request, and distributed to 
appropriate testing sites. The 
following is a list of nurseries and 
the number of sets distributed: 

Yield component lines 
(bread wheat) 67 

Yield component lines 
(durum wheat) 30 

Leaf rust resistant lines 68 

Aluminum tolerant and 
disease resistant lines 61 

Total 226 
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Table 1. Germplasm with high protein content and grain yield in experiment 1, CIANO, 1983-84 

Obtained by converting the percentage of flour extracted 

Rank 
in 

yield 

Variety 
or cross 

and pedigree 
Entry 

no. 
Yield (kg/ha) 

1982-83 1983-84 

Proteina 
content (kg/ha) 

1982-83 1983-84 

Loaf volume 
(cc) 

1982-83 1983-84 

Days to 
flowering 
1983-84 

1 Tesia 79 24 6250 6822 521 565 635 840 76 
2 Ciano 79 25 7306 6450 520 440 715 695 74 
3 Ron2/Fnd//Nac76 9 6311 529 660 70 

CMH77A.11-3B-3Y-4B
1Y-IB-2Y-I B-IY-
IB-OY 

4 Ron2/Fndi//Pato/3/ 3 6294 536 840 74 
Ron2/Fnd/4/2*Pvn 'S' 
CMH80A.82-4B- 1Y-OB 

5 CMH75A.66/Cno79 12 6239 580 870 69 
CMH80.15-3Y-5B-4Y
1B- IY-OB 

6 CMH75A.66/Cno79 22 6017 477 770 73 
CMH79A.2, 1-5B-4Y-7B-
3Y-OB 

7 CMH75A.66/Cno79 20 5889(+) 555 740 69 
CMH79A.21-5B-4Y-7B-
3Y-2B-5Y-OB 

17 Ciano 67 23 4236 5006 420 507 865 975 68 

Coefficient of variation = 12. 1% 
LSD 5% = 1074 kg/ha (+) 
a to kg/ha, and multiplying by the percentage of protein
b Figures from the milling and baking laboratory, El Batan 

Table 2. Germplasm with high protein content and grain yield in experiment 2, CIANO, 1983-84 

Rank Variety Proteina Loaf volumeb Days to
in or cross Entry Yield (kg/ha) content (kg/ha) (cc) flowering

yield and pedigree no. 1982-83 1983-84 1982-83 1983-84 1982-83 1983-84 1983-84 

1 Testa 79 50 6250 6850 521 579 635 815 78
2 CMH175A.66/Cno79 30 5542 6294 450 540 710 825 71 

CMH80.15-3Y- IB-OY 
3 CMI-75A.66/Hcr77// 31 4833 6183 521 595 865 950 74 

CMH75A.66 
CMH80.127-2Y-lB-OY 

4 Cal/NH//2*Sx 34 5906 414 695 78 
CMF179A.45- 1B-4Y-4B
1Y-0B 

5 CMH75A.66/lHer77// 32 5861 586 1025 75 
CMH75A.66 
CMH80.12"7 -2Y-5B-lY-
IB-OY 

6 KC10863/2*llork 'S' 42 5805 497 815 71 
CMI-179.4 1-1 Y-I B-i Y
1B-2Y-OB 

7 PMN5//Aga/4*Ti71 48 5711(+) 557 1025 77 
CMH80.70- IY-6B-OY 

21 Ciano 67 49 4236 4638 420 470 865 1025 66 

Coefficient of variation = 13.5% 
LSD5% = 1172 kg/ha (+) 
a Obtained by converting the percentage of flour extracted to kg/ha and multiplying by the percentage of protein
b Figures from the milling and baking laboratory. El Batan 
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Table 3. Germplasm with high protein content and grain yield in experiment 3, ClANO, 1983-84 

Proteina Loaf volumeb 
Rank 

in 
yield 

Variety 
or cross 

and pedigree 
Entry 

no. 

Yield (kg/ha) 

1982-83 1983-84 

content (kg/ha) 

1982-83 1983-84 

(cc) 

1982-83 1983-84 

Days to 
flowering 
1983-84 

1 Genaro 81 75 6800 477 720 86 
2 Cal/NHi//CMH73A.497/3/ 69 6097 6122 628 568 865 965 69 

Her77 
CMH79.196-6Y-3B-4Y
1B-0Y 

3 
12 

Tesia 79 
Ciano 67 

74 
73 

6250 
4528 

6006(+) 
4606 

521 
461 

469 
483 

635 
860 

840 
945 

78 
64 

Coefficient of variation = 14.7% 
LSD5% = 1133 kg/ha(+) 
a Obtained by converting the percentage of flour extracted to kg/ha, and multiplying by the percentage of protein
b Figures from the milling and baking laboratr. El Batan 

Table 4. Days to flowering of earliest maturing wheats, El Batan, 
1984 

Variety or cross Days to 
and pedigree flowering 

Ciano 67 60 

Sonalika 58
 

CMH73A.497/Giorgio//2*CMH73A.497 54 
CMH83.45-lY 

CMH73A.497/Cno79//CMH73A.497 56 
CMH81A.78-11B-IY-1B-2Y 

CMH76.173/Gen81 55 
CMH 81A.47-8B-2Y-1B- 1Y 

Son64/3/Y50/H570.71//2*Y50 56 
CMH81A.396-1 1B-1Y-2B-1Y 

CMH78.168/2/Aga4*Ti71 56 
CMH8 1A.49-6B-3Y-3B-4Y 

CMH78.168/Ska 56 
CMH81.31-4Y- 1B-4Y-3B- 1Y 

CMH73A.497/Giorgo//CMH73A.497 55 
CMH81.105-1Y-4B-5Y- 1B- 1Y 

CMH73A.497/Bb7/NH//Mta/Maya 'S' 53 
CMH73A.497-4B- 1 Y- 1B-OY 

CMH78. 168/Hork 'S'//CMH73A.497 52 
CMH78.168-3Y-3B- 1Y-5B-OY 
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Table 5. Performance of nearly-isogenic lines tolerant to aluminum toxic soils 

Aluminum Recurrent parent

tolerance
 

Heighta - Heighta Aluminum
 
Cross and pedigree (cm) Lab(%)b Fieldc (cm) toleranced
 

H567.71/5"Pat73121 60 0.0 R 100 Tolerant
 
CMH80.292-1Y-9B-4Y
6B-2Y-0Y
 

IAS20/H567.71//4"IAS20 	 90 83.3 MR-R 105 Tolerant
 
CMH79A.209- 11B-4Y-OB
 

IAS20/H567.71//4 *IAS20 
 90 60.0 MR-R 105 Tolerant
 
CMH79.243- l Y-5B- I Y-OB
 

IAS20/H567.71//4 IAS20 
 90 46.7 MR 105 Tolerant 
CMH79.243-I Y-5B- 1Y-
OB-3B-OY 

IAS20/H567.71//5 *IAS20 60 70.0 MR 105 Tolerant 
CMH78A.544- IB-i Y-4B-
IY-2B-OY 

S948A 1/4*BzaI/4* IAS58 80 96.7 MR 100 Tolerant
 
CMH79A.22 1-IB-IY-IB-

4Y-OB
 

CMH80.279/CNT8 60 0.0 S 100 Tolerant 
CMH80A.253-3B- 1 Y- IB-
2Y-OY 

Par/Cj7l//5* Par 100 96.7 R 110 Tolerant 
CMH80.278-2Y-8B-2Y-
IB-OY 

Par/Cj7l//5*Par 100 83.3 MR 110 Tolerant
 
CMH80.278-2Y-8B-2Y.
 
3B-OY 

H567.71/3"Par 80 33.3 MR 110 Tolerant 
CMH77.308-1Y-4B- Y
5B- IY-3B-OY 

CMH75A.323/6*PF71131 60 86.7 MS 120 Tolerant 
CMH80A.247-3B- I Y-
3B-OY 

$20/H567.71//4"S20 60 73.3 MS 100 Tolerant
 
CMH80A.256-213-3Y-

4B-OY 

CMH79A.307/B-1 1146 45 83.3 MR 100 Tolerant 
CMH81.137-4Y-7B-
2Y-OY 

CMH75A.271/3*Mrng 60 76.7 R 120 Tolerant
 
CMH79A.219-5B- 1Y
1B-OY
 

CMH75A.271/3"Mrng 	 85 100.0 R 120 Tolerant 
CMH80A.211-3B-1Y-

5B-OY
 

(continued) 
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Table 5 (continued) 

Aluminum Recurrent parent 
tolerance 

Heighta Heighta Aluminum 
Cross and pedigree (cm) Lab(%)b Fieldc (cm) toleranced 

CMH75A.2715"Mrng 85 100.0 R 120 Tolerant 
CMH80A.212-2B- lY-
2B-OY 
CMH 75A.271/5*Mrng 80 100.0 R 120 Tolerant 

CMH80A.212-2B-1Y-2B-
OY- 1B-OY 

CMH75A.270/5*Mrng 90 100.0 MR 120 Tolerant 
CMH80.328-12Y-3B- 1Y
3B-1Y-0Y 

Pel 13298.65/1-1569.71// 75 63.3 S 115 Tolcrant 
5"Pel 13298.65 
CMH1181.260-8Y-2B-
4Y-OY 

Clti/S948AlI/4"_iio 'S*/3/ 45 100.0 S 125
2*Clt 

CMH81.190-3Y-5B-4Y-
1B-OY 

Gra/CMH76A.977//3* Gra 90 10.0 MR 100 Tolerant 
CMH80A.2313- I3-2'- 1B-
3Y-OY 

H569.71/5*Jacui 60 96.7 MR 105 Tolerant 
CM H80.288-2Y-3-3- 1Y-
3B-OY 

1569.71/5*Pat7219 85 90.0 S 105 Tolerant 
CMH80.291-5Y-5B-2Y
1B-3Y-OY 

a Data from El Batan. summer 1984 
b Data from CIMMYT aluminum testing laboratory 
C Data supplied by Ottoni de Sousa Rosa of EMBRAPA, 1984. R = Resistant; M,-R = Mode;ately resistant to 

resistant: S = Susceptible; IS = Moderately susceptible. 
d Data from various sources 
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Table 6. Crosses among advanced lines to combine good agronomic
type with disease resistance and aluminum tolerance 

Cross 


Par/CJ71//5*Par/3/Cno79 

Par/Cj71//5 * Par/3/Aga/4* Yr7O 

IAS20/H567.71//4 *IAS20/3/ 

2"PF70354/AId 'S'
 

IAS64/AId 'S'//CMH78.390/ 

3/IAS64/AId 'S'
 

Aga/Yr70//A ga/3/2 * Aid I 

Aid lI//Mrng/Aid 'S'/3/Aid 1 

Pekin8/Cno79 

Pekin8/Ald I 

Fan415//RL6010/4 *Jup73/3/Fan415 

Fan415//Mmg/Ald 'S'/3/Fan415

NyuBay/Nac76//NyuBay 

CMH78.443//RL6010/4 *Jup73/3/ 

CMH78.443
 

Mrng/Ald 'S'/3/S20/H567.71// 

3*$20
 

Aid 'S'/CMH75A.270/2* Aid 'S' 
CMH78.390/AId 'S' 
H569.71/4*JacuLi//Cno79 
CMI-180.279/CNT8//H567.7 1/ 

5*1Pat7219 
11569.71/4"*at7219//Cno79 
H569.71/4" Pat7219//Gen81 
H569.71/4" Pat7219//RL6010/4 *Jup73
Fan415/CMH76A.977 
Aid 'S'/CMH76A.977 
IAS20/H567.7 1/!5" IAS20/3/ 

RL6010/4"Inia66/4!Ald 'S'/ 
CMH76A.977 

11569.71/4 * Pat7219/3/Bad/ 
1H567.71//2* Bad 

Gra/CMHI76A.977//4*Gra/3/Cnio79 
Gra/CMF]76A.977//2 *Gra/3/CIV 180.279 
Gra/CMH76A.977//2* Gra/3/ 

Bad/I 1567.71//4 * Bad 
Gra/CMH76A.977//2* Gra/3/IAS20/ 

H567.71//4 IAS20 
BHI1146/1-1567.7 1//RH I "16/3/ 
J8212.67/4/Gra/CMH76A.977// 
2 Gra/3/Bad/1567.71//4 Bad 

No. of 
cross
 

CMH82A.85 
CMH82A.90 
CMH82.230 

CMH82A.293 

CMH81 A.457 
CMH82.220 
CMH82A. 116 
CMH82A. 117 
CMH82A.248 
CMH82.195 
CMH81A.190 
CMH82.205 

CMH82.144 

CMH8OA.206 
CMH81A.1 11 
CMH82.138 
CMH82A. 192 

CMH81LA. 172 
CMH81 A.226 
CMH81A.173 
CMH82.76 
CMH82. 101 
CMH82A.288 

CMH8 IA. 176 

CMH82A. 198 
CMH82. 112 
CMH82.1 13 

CMH82.129 

CMH82A.302 
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Table 7. Performance and yield components of lines resulting from triticalr x wLcat crosses, CIANO, 
1983-84 

Rank Test Flour 
in 

yield 
Variety or 

cross and pedigree 
Yield 

(kg/ha) 
Days to 

flowering 
Height 

(cm) 
weight a 

(kg/hl) 
Hardness 
indexa 

yielda 
(% 

Falling 
no.ab 

I CMH77A. 1024/CMH77A. 1165 6544 87 85 73.3 42.5 59.9 379 
CMH80 1022-3Y-7B-3Y.6B-OY 

2 CMH77A. 1024/CMH77A. 1165 6233 87 90 73.2 42.5 56.9 336 
CMH80. 1022-3Y-7B-3Y-
4B.OY 

3 CMH77A. 1024/CMH77A. 1165 5788 88 95 73.3 51.5 63.6 343 
CMH8O. 1022-3Y-7B- IY-

5B-4Y-OB 
4 Juanillo 5577 81 120 74.1 48.5 69. i 116 

Triticale check 
5 Seri 82 5538 82 80 81.6 - 6E.8 -

Wheat check 
6 CMH77A. 1024/C M H77 1135// 5461 79 80 73.0 48.5 66.7 295 

CMH77A. 1024 
CMH81.1148-6Y-3B-5Y-OB 

7 CMH72A.576/Nac76/ 
/CMI177.1135 5416(+) 71 65 73.5 60.5 64.5 132 

CMH8O. I 145-2Y-6B-2Y-

2B-OY 
8 CMH77A. 1024/CM1177. 1135/I 5172 80 80 74.6 49.0 67.7 223 

CMH77A. 1024 

CMH8I.1 148-6Y- IB-2Y-OB 
10 Ciano 79 5044 79 80 82.6 - 68.0 -

Wheat check 
I I Beagle 4894 82 120 69.1 52.5 64.5 80 

Triticale cheek 
13 CMH72A.576/Nac76/ 

/CMH77. 1135 4772 70 65 74.3 56.5 62.2 116 

CMH80.1145-2Y.-6B-2Y-2B-

IY-OB 
14 CMH77A. 1024/CMH77A. 1165 4722 90 90 72.5 54.0 65.8 431 

CMH8O. lO22-3Y-7B-IY
5B-5Y.3B 

15 CMII77A.I 165/3/C1II172A.576/ 4711 70 65 72.8 30.0 49.8 199 

CMH74. 1072//GI) 
CMH81.1219-3Y-4B-3Y-OB 

16 CMH77A.I 16513/CMH72A.576/ 4705 74 70 74.9 28.5 46.7 228 
CMH74. 1072//GD 

CMH81.1219-3Y-4B.2Y-OB 
17 CM1174.121 lII4"M 2 AICml 4677 80 55 75.0 48.5 64.4 302 

CMI179A. 1309-2B-lY-I B. 

1Y-IB-OY 

(continued) 

74 



Table 7 (continued) 

Rank 
in 

yield 
Variety or 

cross and pedigree 
Yield 

(kg/ha) 
Days to 

flowering 
Height 

(cm) 

Test 
weighta 
(kg/hl) 

Hardness 
indexa 

Flour 
yielda 

(%) 
Falling 
no.ab 

21 

22 

CM173.802/('MI173.6,18// 

CNII77.11 35/3/(N11177A. I 1i5 
CM118o 1212.3Y-I B-2.*30. 

1\'-013 
CMII172A.576/11569.71 

CMI 177.1135.3Y-II 2Y

41355 

4233 

77 

75 

75 

65 

76.2 

73.1 

27.5 

61.0 

18.9 

58.9 

102 

229 

24 

25 

(M 117:1.802/CM 1173.68,/,/ 

CMI 177. 135/3/(',I1177A.1165 
(UNI1180. 1212.3 - 11-2N

3' .2 V-O1 
CM1i17-1.1211 C/4*M7,1174A./88 

CMI 180.I105H- . I 11-3Y
-Ili-OY 

3850 

3666 

77 

77 

75 

55 

76.5 

7.1.5 

28.0 

29.5 

45.6 

58.7 

141 

363 

iloriunathon rt)ortcd by mINM1Trilling and Iaklng laboratory-
S Falling ni bclltr mleaIsurv ofl allia-amyvlawd activ'ttY 

(Co)lilitl of variallionl 16l.8 

L.SI) 5" - 1356 '(/h;i ) 

Table 8. Rye chromosomes 
CIANO, 1983-84 

identified in wheat-like lines collected at 

Cross and pedigree Rye
chromosomes Leaf

rusta 

Grizzly 'S'/CMH77A .917 
CMI-182A. 1233-2[3 

CM173.802/2'Nor67 
CMI-180.1170- 1Y-213- 1Y-513-2Y- 113 

CMI-73.802/2 *Nor67 
CM80.1170- 1Y-213- 1Y-513-2Y-213 

CMH73 802/N\V//Nat,76 
(N/il-181A. 1261 -413-3Y-213 

Pnd6/hlia6 
CMI 181 A. 1250-1 13-2Y- 113 

Chiva 'S'/CMI 74A.,t87 
CMI182 967-2''- 113 

C MI173A. 785/3 *Sx 
CMI18 IA. 1243-713-2Y-213 

MR 

IR,2R 

1R.2R 

I R.2R 

1R.21.6R 

IR.6R 

IR.5R 

0 

0 

0 

TR 

0 

TMR-MS 

0 

SOMl'c: A. Mevrker. p -rsorial comnmiiilion 
a T= "l-(1. MIR = Mod'rale'lW, rtesista it, 

MS : Moleralt sus(.)l iI)l7 
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Germplasm Bank
 
H.A. Sencer 

Introduction 
CIMMYT's wheat germplasma bank 
became operational in October 198 1. 
anld 1w 1984 miiost of the 
installatiolns were cotl)letcii. The 
program's first obleetives were to 
eliminate tiwcessary alIc duIplicate
('tries illtie elive collection. 

increase the sed of each enti', i(r. 
reitvenatc ill] (valtlle entries ill 
lie baset collcetion. Upon complont hon 

of the seed drying rooml ill late 
1983, the pIogramtt ga\ve priorit y to 
the tasks of sced dry ing and 
tel(lilliim- atild llng-lertll storage of 
the base collection. A video teriniial 
aid(1 printer obtained dining the 
sceonil half of 198-1 contittt'tcl ill' 
hank to CIMMY''s VAX coniptiter. 

Seed Introduction 
The bank rec,cived Itl(( st,sfroltlIll ilt. 
brecding prograttts to oltiil 

prillliti\'e 81n11 wild 'nt'it's s 
potential sotut's for ss tnlh'ratTi'c' 
;a1rid disease lesistlell ttlltro()ditti(lts 
from the l-cctlilig ;.roraltls duitill 
1982-84 and Iht clitintattotn of 
tnitCCe'ssiarv atln/o (1tjlicati' 
materials brotught tli' base 
collect on ill) to 22.722 entries of 
bt'adl wvaI duruun \v l'at. tr'tiCilc. 
barley, atlld itt l'clit' l''ilct't'is's iv 
theitid of 19841. In a(ditioll sttol'd 

tiiaterials t'ittll t s¢lttll''C't alodf'l"
 

19.526 enttrics. 
Durlling.. 198-1. 1H. 193 Wcr'r-.clltIrius.--


addied to tile Ixttk.' illv' lot ('l'abb-hl 
1). Numer(IouIs ilnil')(hutioll. W(TClt 

tItlC fronti o[lul (imtk,, ill su uteis. 

Seed Incirase 
and Rejuvenation 
Nulrseries wuCT- SlWvt Pt (IAN() atid 
ElI13atni (hini the+ wit.'ur of 

1983-84 'I'ablh' I1. 'h'li tltts('IV il 
CIANO 'ontaineI mily part of1ti1(

base colle(tiotn (spritig growIt! habit 
nmaterials). \Miller hahil mlaterials 
andl CIMMYT wleat iitro)di(tions 

were sown at El Batan. These 
materials were sown without 
fertilizer. but small doses of fertilizer 
were applied later(I tring the growth 
pcrio(l. Seed issetting tilt itFI 
Hatanl wcrc generally low Iht'aCMsc of 
liot. dry wealher ditrint! flowering.
In lmlost cases seed.s were harvested. 
)itlt lalte-flowerin g 1'itterialsil ( to 

tic ('lit (lowi lctforctsccl selling. 

Seed Storage

and Distribution 
Sceds of, all litics rtitlVlliatl( iat 
CIANO anidi lt dtlring 1982.P; nt 
1983. aIdI 1984 were plt'((l it] 
tnicditltl-terstrge ' 1).l'l {Table 
Fifty-gtrai;l santiph's of tlese eltries 
also wcrt' placed ill sltort-rnil 
.t rag(c (Ihe a(ltivt' collectioni). The 
baltik's I984 seet'd (listt'ibltt iiti 

tiitics ate lol stlllltltttarized ill 
"Il'l 1. 

Evaluation 
The tmtopllhollogill al agrolloii 
clhat'teristic's of Clitri,'s sowzl for 
s''cl iltrease.l rcjttvcnatiotl at 
ClANO and El latan wtcr rtcorzded. 

. 

4v . ... 

.... . ."
 

s,., ' 

N'. 
'~ 

l)isease reaction data for the first 
disease e\,aluation nurseries. which 
were sent to eooperators in 1983. 
were received il 1984. 

Information Bank 
To flacilitatet lhe inltrodl(ctioll of new 
entries into the hase ald a ti\,e 
collectiolls. 1lnllnts llsy\,alld/or 
dhplieate entries were eliminated 
frot the gerMiplasto iaik. This 
Inocdtre, as well as the 
p)ite)aration ofl,hooks anod 
(listrilittl iol lists. cltitinttlt( to be 
(done Innatlly ill 198,1. 
('onlhltctrizitinl of iItrodu(clt ion 
data fot the ixst collection titovecl 
forwatd' in 198-I. lntrodtn'tion data 
lot tlc 9 tI through lil' 1811 II3WSN 
were Clitte' 'dl. as werc tile lists of 
('ll jll'Ci'ial vat'itit's. t'riliitive 
cutltivat's. 81(l spec'ial lines contlained 
illthe ai'- act 'tllectionts.all(I oi 

stllllial' lists wcre contvpiled of 
tt-srics coitailcd il tiliebca( 

whellit. tItn wleat. tiiticlle, 
barh'v. acid(IMMYT whcat 
iill(rohu'rtiol itvclhito'i's. 

Dr.A. Sencer (left), curator of the wheat germplasm bank. 
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Table 1. Summary of wheat germplasm bank activities, 1984 

Activities (no. of entries) 

Seed storage 

Type or 
source of 
materials Seed introductions 

Seed increase, 
rejuvenation, 

and evaluation 
CIANO El Batan 

Medium- and 
long-term 

(base 
collection) 

Bread w'heat 1305 3035 1217 6866 

DIIrItizn wealt 344 305 726 3044 

Trili(aIt 423 893 137 3790 

IHarlvy 226 1211 332 4153 

Gernmplasin 173 202 - 115 
d(v loI)Illcll 

CIM MYT wheat 15,722 - 2179 -
illtro l('it olls 

Total 18.193 5646 4591 17.968* 

* "ltrcesets )repared for loog-term storage at Fort Collins and for lo t!editlnln1g- and 

Short-term 
(active 

collection) 
Seed 

distribution 

3502 493 

894 102 

835 112 

1303 34 

31 -

1516 2170 

8081 3211 

-terim storage at El Batan 
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Training
 
H. Hepworth, G. Kingma, and E. Knapp 

Introduction 
Every year. CIMMYT offers several 
training programs (lesigned to 
I frcngthen and support national 
research prograns engaged in 
cooperative work with CIMMYT 
throughout the world. In 1984. 
forinal training programs were 
carried out illCereal Inproveneni 
(breeding/put hology). Crop 
Managellcnit (prodlet h~n/ngrono~n. 
Industrial Quality (cereal tech-
nology), and Experinielt Statioll 
Managemntli. Programs lor ,isiting 
scientists and post-doctoral aldlpre-
doctoral reSCarchers conilucd as 
well. "Seed Week" was held again 
with the assislaricc of Dr. Juan 
Carlos Garcia front Chalingo 
University. Mexico, and Dr.Johnson 
E. Douglas front tile see'd unit at the 
International Center for Tropical 
Agriculturc (CIAT), Coloinhia. 

The leed to traill scientists front 
COuItries where wh eat is not a 
traditional crop colitilittes to 
increase. These colleagues bring to 
CIMMYT's training prograiii diverse 
viewpoints and requirements. all of 
which enlarge the scope of CIMMYT 
training, making it into a truly 
international exchange andlnot a 
nere series of (hlissrootli and field 
exercises. 

IllCIMMY'I courses, a leant 
approach is utsed to idlllt ify aln 
resolve wheat )rodlc lion )roblems. 
The tcali is conl)oscd of senior 
CIMMYT staff lnelnlbers working 
closely with the scientists froln 

cooperatiiiig CtUlitries. Classroomn 
training is supplemlented by training 
in the field at CIMMY'T. at other 
research stations throughout 
Mexico, and in farners' fields. After 
returning to his or her coul-Irs. eacheach 
studcent ay lise (lc set of ''' 
textboc s. inauals, and1(other 
publications st)plicd by CINIMYT as 
a basic re fere nec librry. 

Some noil-technical aets tliefit 

training lrogran art. also of 
enduring vahlC ti jpirticislits it(d. 
to CIMMYT. Although pro)lessional 
attitude and not ivation are nt 
consideredl formnal stiblect mttra 

CIMMYT. these arilltniportant 

friendships, the cultural exchanges, 
and tile feeling of internationalism 
that arise are all positive factors in 
the creation of a worilwile nctwork 
of scientists cooperating to iml)rove 
global wheat )roduction and rural 
welfare. 

Cereal Improvement 
Th, !et that breeders and patholo-
gists tfailed )yCI MMYT are aetie 
ill over 100 national programis 
indicales thlie ilportance of the 
Certall )roN,'Clt training course 
for increasing the r,-search capacity 
of' personnel froill crop inst itut ions 
tlroughout the world. At CIMMYT, 
trainces gain the scielitific 
knowledge alld lh practical skills 
necessary to conduct sucCcSsLul 
varietal development pirograms. 

They also have tile opportunity Io 
select germplasm from CIMMYT 
nurseries to use in their own 
programs after returning honc. The 
concept of international cooperation 
- the exchange of infornation as 
vell as breeding materials - is a 

significant part of CIMMYT training, 
and senior staff from CIMMYT visit 
,ounitry programs to eontiinue to 
assist scieltists who have studied in 
Mexico. 

In 1984. 24 trainees front 15 
coutlies attelilecd the Cereal 
Improvement course and becalle 
familiar with methods of crossing, 
selection, disease inoculation and 
scoring, haivesting, nursery 
management, and grain quality 
evalliatlon (Table 1). CIMMYT places 
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Dr. H. Hepworth, head of the wheat training program. 
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heavy emphasis on selecting 
disease-resistant materials, and 
trainees learn now to induce 
artificial rust epidemics to ensure 
the selection of such materials, 

Crop Management 
The Crop Management course was 
attended by 22 trainees in 1984 
(Table 1). The goal of this course is 
to help agronomists from national 
research programs develop methods 
to close the gap between crop yields 
actually obtained by farmers and 
yields that may be achieved through 
imn ved crop management 
pr: tices. 

To achieve this result, production 
agronomists participating in this 
course develop a range of skills. 
They learn to diagiose problems 
contributing to low crop yields, and 
to design research experiments to 
determine possible solutions to the 
problems identified. Finally, course
participants analyze the results of 
their research to develop practical
recommendations to be adopted by 
farmers, 

Many socioeconomic factors 
influence farmers' decisions and, 
ultimately, the crop yields they 
achieve. Therefore, the CIMMYT 
production agronomy training 
course is conducted with close 
support from CIMMYT's Economics 
Program. Exp criments and 
dcnioistrations are performed by 
trainees themselves in the fields of' 
cooperating farmers. A CIMiMYT 
"training farm" also provides hands-
on experience in producing a crop. 
Land preparaon, seeding, 
fertilizing, weeding, irrigation, and 

Cereal Technology 
Scientists who participate in the 
Cereal Technology course learn to 
evaluate the baking and nutritional 
characteristics of wheat, and how to 
assist brecding programs in
selecting varieties that have 
desirable quality traits. They learn 
to operate the equipment used for 
quality evaluations and study 
laboratory management procedures. 
Five scientists look part in this 
program in 1984 (Table 1). 

Experiment 
Station Management 
Improved experiment station 
operation results in better control of
non-experimental variables in trials, 
and greater confidence in the data 
obtained. In 1984, five scientists 
from four countries spent four and a 
half months at CIMMYT partici-
pating in the Station Management 
training course. These trainees 
mastered the operation and 
maintenance of a variety of tractors 
and machines used in agricultural 
research. Considerable time was also 
devoted to studying types of 
irrigation, tillage, seeding,
fertilization, weed control, and 
harvesting methods and machines. 

Pre-doctoral Training 
CIMMYT provides a limited umber 
of opportunities for young scientists 
to do research towards the Ph.D. 
degree. Students conducting
research that has broad applications 
and is of interest to CIMMYT are 
chosen for these positions. Three 
scientists from South America and 
one from the United Kingdom were 
engaged in this program in 1984. 

harvest operations are learned in ie Post-doctoral Training 
field. This practical training is 
supplemented by lectures and field 
trips. 

A survey of the crop management 
class of 1984 showed thae 90, of 
the trainees agreed on the
importance of the major topics 
studied during the training course. 
Because agriculture changes 
continually, such evaluations will be 
used regularly as one ncans of 
determining whether the course is 
relevant to trainees' needs. 

Some scientists who have just 
finished graduate school and are 
interested in international 
agriculture get an opportunity to
explore this interest at CIMMYT. 
They are integrated into the 
scientific tprograms and participate 
as staff' members under the 
guidance of CIMMYT senior staff. In 
1984. the Wheat Program had post-
doctoral fellows from Germany (2). 
the Netherlands (1).India 1), Sudan 
(1).and Mexico (1). 

Visiting Scientists 
One of CIMMYT's most active 
training efforts is the visiting 
scientist program. Each year, senior 
scientists from many countries come 
to CIMMYT for short periods,
usually two to three weeks (Table 2). 
Those with special interests or 
problems may remain longer. These 
visitors bring knowledge and 
experience to share with CiMMYT 
staff, trainees, and colleagues from 
other countries. Information is 
exchanged lhrough personal 
contacts, group discussions, and 
seminars. 

Another important aspect of this 
program is the exchange of 
germplasm. Visiting scientists send 
germplasni to CIMMYT, and while 
they are at tlte Center, they can 
obs2rve the perfornmance of their 
materials. These scientists also 
select gernplasm from CIMMYT's 
extensive nirseries for use in their 
own varietal development prLgrams. 

CIMMYT senior staff from Mexico 
and from regional and bilateral 
programs visit many national 
programs each year. These trips 
provide opportunities to continue 
the personal contacts made at 
CIMMYT, and to evaluate the 
performance of hundreds of 
CIMMYT germplasm nurseries 'cnt 
to national programs each year. 

Tra ing Outside Mexico 
Regio al and country training 
programs received support from 
CIMMYT staff in planning and 
condocting training exercises last 
year. As these programs expand and 
progress, CIMMYT will be requested
to help, and is lreparing to offer the 
greater anount of assistance that 
cooperating countries will need. 

The Future
Well-trained young scientists are 
essential to the progress of national 
programs. To help the staff of such 
programs achieve their goals, 
CIMMYT will continue to offer, 
improve, and if ne'cessary increase 
the courses !4 offers. CIMMYT is also 
commit ted to assisting national 
training programs wherever and 
whenever possible. 
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Table 1. Area of origin and number of trainees in 1984 Table 2. Violting scientists, 1984 
NumberAreaTrainin course 

Cereal ExperimentTrainingcourseAreaNumber
 
Area Improvement Management Technology Sta:ion Mgt. Latin America 73
 

Cereal Crop 

Latin America 8 9 
 1 2 East Asia 20
 
Alrica 4 2 1 0 Mediterranean 9
 
East Asia 8 11 3 1 Other 67
 
Mediterranean 2 0 0 2
 
Other 2 
 0 0 0 	 Total 188
 

Couintries represented 33
 
Total 	 24 22 5 5
 

Ar.na Wrnsp ;.Tanzania 

, .Cereal Technology 
" Trainees '"4 

Kanchena Natesomrank Siwaporn Siwawej

Thailand 
 Thailand 
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PERU 
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Agronomy 
J. Ransom, M. Osmanzai, and S. Wadd!in.on 

Introduction 
At the CIANO station during the 
winter cycle, the agronomy program 
conducts research on problems 
related to the management of 
breeders' nurseries and on 
agronomic problems that arc not 
site-specific. During the summer 
cycle, the agronomy program staff is 
part of the production training team. 
conducting on-farm and station 
research directed toward solving 
production problems for farmers iii 
the high plateau near the El ilatan 
station. In addition to these 
activitie.s, the program evaluates 
germplasm being developed by the 
breeding programs for its 
performance in environments 
possessing and lacking different 
kinds and levels of stress. Much of 
this latter work is deEcribed in the 
sections of the annual report giving 
research results for the breeding 
programs. This section of the report
focuses on station res'_,arch done 
during 1984. 

Weed Control 
The herbicides currently 
recommended at the experiment 
stations arc for the most part 
providing very good weed control, 
-lowever, nutsedges (Cvpcrusspp.) 

continue to be a serious problem in 
Toluca and, to a lesser extent, in El 
Batan. A study was conducted at 
Toluca to evaluate several herbicides 
for activity agdinst this weed. 
Emphasis was placed on the timing 
of hentazon, a chemical known to be 
effe,,vc against nutsedgC. 

Herbicides other than bentazon were 
not effective in controlling nulsCdgC 
at the rates and timing used in this 
trial (Table 1). ltentazon, regardless 
of rate or time of application, was; as 
effective as hand wteding in 
reducing the final umnber of 
nutsedge plants. The best control 
was achieved by applying hentazon 
at 20 and 10 days after crop 
emergence. This trcatment gave 
100% control at the highest rate. A 
single applicalion at 20 days 

I 

I 

"'"II 


appears to be better than a singlc 
application at 40 days. These data 
also suggest that little advantage is 
to be gained by mixing bentazon 
with dicamba or oil. No crop toxicity 
was noted with any of the 
treatments. Based on these data and 
results from a previous experiment, 
0.48-0.96 kg bentazon/ha applied at 
20 and 40 days after crop 
emergence is recommended when 
the population of nutsedge is 
suficiently high to warrant such a 
treatment. 

Fertilizer Studies 
The fourth and final year of a 
nitrog_'n and phosphorus trial was 
completed during the 1983-84 cycle 
at CIANO. The objecives of this 
research were to dctermine an 
appropriate fertilizer rccommen
dation for the CIANO station, and to 
follow the decline in soil fertility 
when no fertilizer is applied. In the 
first two years of this trial, yields did 
not increase in response to either 
nitrogen or phosphorus. In the third 
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year, yields were increased with the 
application of 60 kg N/ha. Nitrogen 
in excess of 60 kg/ha and 
phosphorus regardless of rate failed 
to increase yields further. 

In the 1983-84 cycle. there was a 
significant response .. the 
application of both nitrogen and 
phosphorus (Table 2). Yields 
increased as nitrogen increased up 
to 120 kg/ha, resulting in a 5 2 % 
higher yield over the yield of the 0 
nitrogen level. The application of 
17.5 kg P/ha resulted in a 14% yield 
increase, with no further response at 
the 35 kg/ha rate. 1 here was no 
significant nitro.m x phosphoruts 
interaction. 

These data show for the first time 
the importance of phosphorus 
applications for op"munm wheat 
production on the Ci. NO station. 
However, they also suggest that 
yearly applications of phosphorus 
are not essential. The present 
recommendation of 100-150 kg N/ha 
and 19.5 kg P/ha ismore than 
meeting the needs of wheat crops at 
the CIANO station, 

Treatments in this trial were also 
split with sources of nitrogen. Urea 
was applied on one half of each 
main treatment and ammonium 
sulfate on the other half. Urea gave 
a 5% greater yield (averaged across 
all treatments) when compared to 
ammonium sulfate. This small 
difference was probably due to the 
actual nitrogen content in the 
fertilizer, as the ammonium sulfate 
was brown, suggesting some type of 
contamination, hiowever, no lab 
analysis was pu-formed to confirm 
this assumption. 

Studies with 
Early Maturing Barleys 
Seeding rate and row spacing-
Several short-cycle barleys with 
good yield potential have recently 
been developed at CIMMYT. Barleys 
such as these, which mature in 90 
days in a normal growing season at 
El Batan and CIANO, have potential 
for late planting when rains are 
delayed in the high plateau of 
Mexico, or for use as a crop between 

soybean and cotton in the irrigated 
valleys of northern Mexico. Because 
of the rapid development of these 
genotypes prior to anthesis, their 
tillering is relatively limited and 
their ground cover is noticeably poor 
compared to full season genotypes. 
Considerable yield gains could 
probably be obtidned by altering the 
row spacing and seeding rate of 
these early barteys so that the crop 
could use sunlight more effectively, 

A trial was conducted in 1984 in El 
Batan to compare two early barleys 
with a full-season genotype under a 
range of row spacings and seeding 
rates. The full-season cultivar, 
Pistacho, was as responsive to row 
spacing as were the two early 
genotypes. Mona-Gateway and 
Mona-Mezquite (Table 3). 

The highest yield for all genotypes 
was obtained with 10 cm row 
spacing. Furthermore, yields 
declined linearly as row spacing 
increased. Poor yields in the 
broadcast plots were caused by 
severe lodging: all cultivars were 
more than 90% lodged iin this 
treatment. The lowest seeding rate, 
100 seeds/m 2 , generally resulted in 
the highest yield (data not shown). 
These results were unexpected, but 
may have occurred because the 
unusually cool, wet summer 
permitted heavy tillering and 
uniform shoot production even in 
the rapidly developing genotypes. 

Irrigation requirements-A trial 
was conducted to devise an 
irrigation schedule for early barleys 
grown in a cropping niche after 
soybear and before cotton in the 
irrigated valleys of Sonora, Mexico. 
Both Mona-Gateway and Mona-
Mczquite were included in this trial. 
The results indicate that these early 
barleys can, in fact, be grown 
between soybean and cotton, as 
both genot.'pes reached 
physiological maturity in 90 clays or 
less. Mona-Mezcluite, a 6-ro"., barley, 
consistently yielded about 17% 
better than Mona-Gateway, a 2-row 
barley (Table 4). Water stress was 
experienced in all Irrigation 
treatments except treatment 3. In 

the stress-free treatment, yields 
averaged nearly 5.5 t/ha, indicating 
a high yield potential for these lines 
in the Yaquli Valley. The treatment 
with only the seeding irrigation 
produced grain yields of 2.7 t/ha, 
exactly half of the yield for the no
stress treatment. With the other two 
treatments, the crops came into 
stress at about thi saimc time, 
during mid-grain filling, and this is 
reflected by their similar yields. 

These preliminary data from a 
single production cycle indicate that 
a seeding irrigation and 
supplementary irrigations at mid
tillering and anthesis would give a 
good yield without wasting water 
and would be easy for the farner to 
manage. Further rescarch on the 
irrigation timetable for early barleys 
is planned for next year. 

Emergence Studies 
Poor seedling emergence has been 
observed in the Yaciui Valley, 
particularly in years when rains 
occur shortly after seeding. Seedlint! 
emergence has also been 
detrimentally affected by nigh levels 
of applied nitrogen in research plots 
at CIANO. A trial was designed to 
investigate factors affecting seedling 
emergence in the heavy soils of e 
Yaqui Valley. Treatments in this 
trial consisted of a factorial 
combination of length of irrigation, 
level of nitrogen fertilizer (0 kg N/ha 
and 250 kg N/ha, and depth of 
seeding (2 cm and 6 cm). This 
experiment included 32 genotypes, 
8 from each small grain species, to 
evaluate genetic variability for 
emergence ability in certain 
suboptimal environments. 

The trial indicated that tire 
detrimental effect of excess water Is 
apparent only when seed is deeply 
sown. Tie decline in seedling 
emergence p!-oduced by this 
combination of factors is further 
aggravated by the application of 
nitrogen fertilizer. There was a 
significant nitrogen x seeding 
depth x length of irrigation 
interaction: the poorest emergence 
occurred at tihe 6 (,ii depth, with a 
4 hour irrigation, and with the 
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application of 250 kg N/ha. Despite
the fact that nitrogen application 
significantly reduced emergence 
(11% difference) at the 
6 cm seeding depth, it did not affect 
emergence at the 2 cm depth. 

Percent emergence decreased as 
length of seeding irrigation 
increased up to 4 hours, though
seed sown at 2 cm was less affected 
by irrigation length than seed sown 
at 6 cm (Table 5). The double 
irrigation of 15 minutes resulted in 
emergence similar to the single 15 
minute irrigation, probably because 
most germination had occurred by
the time of the second irrigation, 

Reduced emergence with increased 
irrigation length is logically related 
to a lack of oxygen for the 
germinating seed. It is unclear why 
nitrogen reduces seedling 
emergence, but reduced emergence 
is not thought to bc an effect of salt, 
because that effect would diminish 
as irrigation time increased. 

There was a significant genotypc x 
treatment interaction. Genotypes 
that appeared to be more tolerant 1(; appeared, which suggests that the 
adverse conditions were Gccrgia 
(barley), Tonichi 81 and Yecora 70 
(bread wheats), Memo 'S'-Goo 'S' 
(durum wheat), and Zebra 'S' 
(triticale). Genotypes least tolerant to 
these adverse conditions were Jorote 
'S'(barley), Ciano 79 and Seri 82 
(bread wheats), Care 'S'(durum
wheat), and Dack-WLOS7 Anowskie 
x M2 A2 (triticale). Triticales were 
slightly more tolerant than the other 
species. 

These results suggest that a shallow 
seeding depth is very important in 
the Ieavy soils of tile Yaqui Valley 
In yve,:: when excess moisture 
occurs during germination, and that
nitrogen fertilizer call play an 
important role in achieving ciptimal 
seedling establishment. 
Furthermore, genetic variability 
exists and carl be exploited to 
Increase emergence percentage in 
suboptimal environments, 

Yellow Berry 
in Durum Wheat 
A cooperative trial with tie durum 
breeding program was established to 
determine procedures for selecting
durum genotypes with less yellow 
berry. The min factors in this trial 
were levels of nitrogen (0,40, 80. 
and 120 kg N/ha), which were 
applied to soil that ihd its fertility
reduced by an unfertilized summer 
maize crop. Forty durum genotypes 
were screened at each nitrogen 
level. At harvest, tile number of 
grains with yellow berry, and the 
percentage of each grain affected by 
yellow berry, were determined 
visually for each plot. By 
multiplying these two Inumbers, a
yellow berry index was calculated. 
which is roughly equivalent to 
Visually estimating the total area of 
all grains affected by yellow berry., 

As nitrogen increased, the 
percentage of yellow berry decreased 
linearly (Table 6). The average 
percentage yellow berry at th. 0 kg 
N/ha level was more than twice that 
at the 120 kg N/ha nitrogen level, 
No genotype x nitrogen interaction 

relative effect of nitrogen on the 
development of yellow berry is 
similar !or all genotspes tested. 
Furthermore, a single level of 
nitrogen can he used as effectively 
as several levels in identifying 
genotypes with less yellow berry. 
The durum program now plans to 
systematically screen advanced 
material on land that has not been 
fertilized with nitrogen. This will 
allow the development of an 
intermediate level of yellow berry in 
most genotypes, as tile normal level 
of residual nitrogen is approximately 
equal to 50-60 kg N/ha after a 
summer maize crop. 

Testing a Gradient 
Irrigation System 
Drought tolerance is all important
characteristic for widely adapted 
germplasm. Selection fbr drought-
tolerant genotypes is currently done 
at the CIANO station. However, 
since a normal flood Irrigation at 
CIANO applies more than 150 miml 

of water, it is diflicult to create high
levels of water stress during early 
stages of growth. In 1983-84, 
research was initiated with a 
sprinklcr system designed to apply 
water in a linear fashion, i.e., the 
amount of water applied decreased 
as distance from the irrigation line 
increased. 

To evaluate the system for its 
Usefulness in screening for drought 
tolerance, 25 genotypes were sown 
in plots perpendicular to tile 
icrigation line. More than 2.5 times 
ias much water was applied near the 
line than was applied at the plot 
farthest from the line (Table 7). Five 
plots per genotype were harvested at
3 nl intervals in order to obtain
 
in-ormation on the relative
 
)erfornance of each genolyne at
 

differing levels of i.'rigation.
 

There \\,as a positive correlation 
between average yield and the 
amount of wrater applied. The 
genotypic response to applied water 
was evaluated using regression
analysis. The following lines were 
determined to be the best adapted to 
environments with water stress: 
Junco (bread wheat), Yavaros 79 
(durum wheat), and Civet 71 and 
'a 'S'(triticales). 

This system offers several 
advantages over the previous 
method used at CIANO. Plants can 
be subjected to a wider range of 
water-stress levels, whereas 
previously only two levels were 
possible. Provided no rains interfere, 
plants can be stressed during the 
entire growing cycle: under the old 
system, after the singl seeding 
irrigation, stress would not occur 
until after he'tding. The 
disadvantages of the new sprinkler 
system are that water must be
 
applied during very cal periods of
 

tile day, and that the researcher is 
restric~ed in the type of 
experimental design used. Further 
research will be done in the 1985 
cycle to evaluate how effective this 
system will be for se' ning large 
numbers of genotypes. 
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Aphid and stage. This decline was largely a Durum Yield Potential 
Nematode Experiments result of high levels of predators. A study was conducted at CIANO in 
Aphids-Research was continued at Yield did not differ significantly 1983-84 to determinie gains in 
the El Batan and CIANO stations to between treatments, genetic yield potential of dui -im 
determine the yield loss caused by wheat cultivars released in 
natural infestations of aphids. and to These data, as well as data obtained northwestern Mexico over the last 
identity an insecti(id,, spray previousiy, Sugge.t that the yield 30 years. Non-limiting levels of 
program that could bc recoin- loss due ICail it itlftestation iS nitrogen, phosphorus, and water 
mended to station management minor in nilol Y'ears. However, a were supplied to the plots, and a 
personnel at bot, locations. single applitttoi ,ta systemic preventive pest and disease program 

insecticide m.,v be necessary to was implemented. Netting was used
At El Blatan in 1984, there was no keep aphid lcvcls down. to deter lodging, allowing genotypes
difference in yield bctweeil the iion- to CXprsCs their full genetic yield 
sprayed cont rol and the aphid-free Ncmatodes-A trial using two rates potential.
control. Lack of response to the ot aldicarb (Tenik) and two rates of 
insecticide was probably caused 1by fenamiphos (Nemacur) was The highest yielding genotypes were 
heavy rains that washed the aphids conducted to determine if plant- three new advanced lines, Care 'S',
off the foliage and kept their parasitic nematodes significantly Ga 'S', and Guil 'S', which averaged 
population low. During grain filling, reduce wheat yields at CIANO. The 8.3 t/ha (Table 8). This represents 
a relatively high population of the average yield of treated plots (6.0 an increase of more than 80% over 
insects was observed, but their late t/ha) was about 10% higher than the the average yield of cultivars 
arrival and the severe lodging that yield of the non-treated conrols !5.5 released in the 1960s. Furthermore, 
occurred before harvest precluded t/ha). There was no statistically grain yield among the 13 g .notypesany measurable insect damage. At significant difference between increased linearly when regressed 
CIANO. aphid infestations occurred nematocide treatments. Several against, year of release (r 2 = (.88 *
 
early but the aphid population plant-parasitic nematodes were 9 d.f.). The annual rate of increase 
declined rapidly, so that very few of found in the soil, indicating that 
the insects were found by the boot further research should be 

conducted. 
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In a spt iy on the yield potential of durum wheat, netting Is used to prevent plants from lodging, thus 

permittizi, licm to express their ftdl yield potential. 
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in yield potential has been relatively 
steady at 190 kg/ha and shows no 
signs of leveling off. 

These data show that the yield 
increases obtained prior to the late 
1970s were largely a result of 
improvement in the harvest index, 
However, an apparent increase in 
total phytonwass production was also 
found in the three most recently 
developed genotypes; they averaged 
17.1 it/ha, a figure that compared 
favorably with the average of the 
three ne:t best genotypes, 16.0 t/ha.
The greater partitioning of dry 
matter into the grain was largely 
accomplished by raising the number 

2of grains/ni 2 (yild vs grains/in 2 , r
= 0.88*, 9 d.f.). Improvements ill 

grain number from the mid-!960s to 
the mid-1970s were the result of 
higher numbers of spikes/ni 2 . 
whereas the improvenint in iatelr 
years was the result of increasing 
the grains/spike while maintaining 
the number of spikcs/in 2 . Grain size 
has basically renained utchanged 
during the past 30 years. These data 
indicate that, even without further 
increases in phytomass, a grain 
yield of nearly 10 t/ha (12% 
moisture) should be possible by 
raising the harvest index to a 
modest 50%. and maintaining 
phytoinass at 17 t/ha. 

Complete and 
Substituted Triticales 
Yield potentinil-Experiment, -. rcr 
conducted in 1982-83 and 1983-84 
to compare the genetit yield 
potential of complete and 
substituted triticales. Seven 
complete and seven substituted 
genotypes (Table 9) were grown 
under near-optimal agronotmic 
conditions. As with tile duruin yield 
potential trial, a preventive progranl 
of insect, disease, and weed control 
was used, and netting was used to 
deter lodging. Water and mutrients 
were not limiting fators. In 
1982-83, there was no significant 
difference between the two groups 
for grain yield. phytoinass. harvest 
iidex, and 1000-kernel weight 
(Table 10). However, the coIlplete 
types produced more grains/spike, 
and the substituted types pioduced 
a higher nutmber of productive 
tlllers/m12 . 

Results of the 1983-84 trial indicate 
that complete types were superior to 
substituted types in phytonass, 
grain yield, and 1000-kernel weight.
The pooled analysis of the two y'ears 
indicates that the complete triticales 
used in this trial have a slightly 
higher yield potential than the 
substituted lypes. This yield 
advantage is a result of larger spikes 
with slightly larger grains. 

Thoulgh Ithese_ results do suggest a 
yield advantage of the complete 
types over tile substituted types, the 
difference is so small that one type 
should not be bred preferentially 
over the other when considering 
only yield potential. Of course, wh'en 
othi- falctors are considercd, one 
type ilay be superior and 
accordingly should receive nore 
emphasis. 

Water stress-hi 198J-84. an 
experitlent ws conducted to 
compare yields of complete and 
substituted triticales subjeeted to 
water stress during grain filling. The 
same 14 genotypes used in the yield 
potential trial were included ill this 
experiment (Table 9). and were 
t.rowni with stress (seeding irrigatiot 
only) and wit hiout stress (5 
irrigations. 

Wh11 grown wilhottt water st ress,
the complete types yiclded 10% 
nore than the Substituted types 
(Table 1 1), Moreover, when growl, 
under conditions of water stress, Ihe 
co. nplete types perlormed even 
better relative t") ili, substitltd 
types, yielding an average of 14% 
m11ore. 

These dala siuggest a slight 
advantage of compllete typcs over 
substituted types in water Stl'russ 
environmients. Possible reasots for 
this differene will bc ill\'estigated. 

1:11tlcale grain growth-Grain 
shriveling and low test weights are 
utndesirable characteristlics 
associated wilh intiatny trilicales. 
Prelinlinary researchl O) I lie graill 
growth pat Iiri of' triticales show(d 
that they reac-h a higher inoisture 
content dhuring graill filling than 
bread wheats. It was suggested tihat 

this higher water requirement may 
be why triticale grain shrivels when 
moisture is limited. Further research 
in El Batan wilh 29 genotypes
idcutilied substantial variability in 
the water content (f" triticale grain 
relative to its final dry natter 
content. From tnese. 29 genotypes. 
12 lines were grown al CIANO with 
and without water stress to 
determine if the' grain-filling pattern 
was related to other characteristics 
such as water-srcress tolerance or 
test weigh. 

Ttriicale genotypes included in this 
research varied greet ly in their 
grain-filling patterns. Some had a 
high water conteti relative to dry
 
weight during tilie cell expansion
 
phase of endospern developtnein!.
 
otlhe,.; were quite similar to bread
 
wheat and had a low relative water 
content, and otliers were ite-r
mlediate between tie two extremes. 
Triticalc lines with grain growth 
patterns siniilar to bread wheat were 
all late naturing. 

The relative ounotilt of water ill tile 
grain (peak wat r weight/peak dry 
weight) was cdlculated to quantify 
the tiMoisture requ!renlent of' the 
grain (those with the lowest relative 
aLnount of water are most like bread 
wheat). Though grain shriveling was 
1tt valtlat'd, the actual percent
redulction ill 1000-kernel weight
 
with water stress was calculated,
 
and was used as a relitive ncasure
 
of drought tol(erance ill the triiale
 
lines. There was no correlation
 
I)cwet the relative water contIentI
 
and percenl reucition ill
 
1000-kernel weight. Moreover. test
 
weight and rlclali\'e waltr cont'ent
 
wcre not correlated, thotgh lhe late
 
geioty[)cs had tie highest test
 
weights and le lowest waler
 
enit,-nlt. 

These data sttggest that t le w ater 
contnt (hiring grain filling varies 
greatly allong trilit-ale genotlyp's. 
and although irilicals (relative to 
breal whital) rcquire ioire water 
dluring this stage, it( high relaive 
waler i'titleit Oots tlt se'in lo he 
rtlatled to any" uitdlcsirlhlh 
uhiaracteristic such as low te-st 
we-ight or susccl)tibility toidrot 
sit ress. 
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Table 1. Effect of different herbicide treatments on the number of 
living nutsedge plants/plot (10 m 2 ) at the end of the growing season, 
Toluca, 1984 

LSD. 0 5 = 13 No. of 
a Days after crop emergence Time of nutsedge1) Pre-emergence Treatment applicationa plants/plot 

No clienilcal control - 18 
Hand weeded (4 tilis) - 6 
Hanl \teede( (H tiine) - 9 
tl3ctazon 0.48 kg/ha 20 5 
Bentazon 0.96 kg/ha 20 2 
Bentazoni 0.48 kg/ha t 20 3 
dicaniha 18 g/ha 
3enltazoii 0.48 kg/ha + 20 6 
oil 21 kg/ha 
3enitazon 0.96 kg/ha + 20 4 
dlicamlha 48 g/ha t 
oil 21 kg/lia 

Bentazon 0.48 kg/ha 40 9 
Beit,' 1 0.48 kg/ha 20 and 40 1 
an. (.8 kg/ha 

lBenlazoti 0.96 kg/ha 20 and 40 0 
anl 0.96 kg/lia 

Propaclihlor 2.25 kg/ha) - 16 
Propachlor 1.50 kg/ha b - 26 

Biromoxynil 0.48 kg/ha 20 10 

Bifeinox 2 kg/halb - 39 
Bifenox 4 kg/hal) - 12 
Bilcnox 0.75 kg/ha 20 14 

Table 2. Grain yield of Seri 82 (t/ha) as influenced by levels of 
applied nitrogen and phosphorus, after four years of treatment in a 
longer-term experiment, CIANO, 1983-84 

LSD.o 5 0.3 t/ha for N and P nmaiin 
effects Phosphorus Nitrogen applied 

applied (kg/ha)
(kg/ha) 0 60 120 180 

0 2.5 3. 1 3.7 3.6 3.2 
17.5 2.6 83.7 4.'3 4.A .7 
35 3.0 .3 4.3 1.7 3.8 

2.7 3.4 . 4.2 
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Table 3. The effect of row spacing on yield (t/ha)of three barley
 
genotypes, El Batan, 1984
 

Row spacing (cm) 	 LSI.05 = 0.4 t/ha for row spacing
inain efTfectsGenotype Broadcast 10 	 15 20 I.S).05 = 0.4 t/ha for gefloty'pe 

Mona-Gateway 3.3 5.8 5.1 4.5 4.7 miin effects 
Mnna-Mezc 1 J' 	 3). 6.6 5.9 5.3 5.4
 
Pistacho 
 3.2 7.5 6.0 5. 1 5.4
 

S3.5 6.6 5.7 5.0
 

Table 4. Effect of irrigation treatment on yield (t/ha) of two early barley genotypes, CIANO, I"83-84 

Mona-Gateway Mona-Mezquite Ra
Irrigation treatment 	 (t/ha) (t/ha) (t/ha) 

1. Scedinig irrigat ion oily 	 2.4-1 3.01 2.73d
2. Set''ding irriglalion + 	 3.76 4.17 3.97c
 

1 sul)plclncni -a al 50% )AM1)

3. Sccding irrigation + 	 5.07 5.83 5.45a
 

2 sui)plelcnlar'ics at 50' DAM
 
4. Seeding irringalioi 4.00 1.88 4.441)
 

2 suj)i)lnl('ilr rit s (ifli(l
hille-ig 50%( t hesis) 

S.clleas to!low(11 )% he" saln(' letter \w'ere inot significanlly difflerenit al 5% 
level usilig DIiiic'lea Miult iple Range Test 

1) DAM = Dl)hlioii of a\'ailah ehiiioisture 

Table 5. Effect of length of irrigation, nitrogen fertilizer application, Table 6. Effect of levels of 
and seeding depth on emergence of small grains (average of 32 applied nitrogen on the
genotypes) development of yellow berry in 

durum wheats; data are an 
Seeding depth average of 40 genotypes 
Seeding depth

Irrigation 	 2 cm 6 cm Nitrogen Yellow berry
length 0 N 250 N 0 N 250 N R applied index
(hrs) % emergence (kg/ha) (%) 

0.25 	 70 61 ,) 3,1 51 0 63
1.0 	 55 52 4I2 35 ,46 IC 584.0 	 58 32 '1357 25 80 42 
.25 + .25 .1 (t;ays later 58 61 '6 5033 120 30
 
X 61 58 43 :-2
 

LSI).0 5 	 N x d(epli x irrigation = 6% 
N x (epti = 3% 
lrjation = 5% 
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Table 7. Effect of plot location relative to the irrigation line on the 
amount of water applied, amount of water used, and average yield, 
CIANO, 19-3-84 

a Plots were 3 1i il length: til t'1c(l 
ol Plot 5 wvas 15 11 1'omi hc Water Estimated total Yield 
irrigation line Plot applied water usedb meanC 

b 	 Includes 113 111un 1iniforilv locationa 1mm) (mm) (t/ha) 
availa le to all l)lotS dti to raill 
and resiclna I soil moistir 1 354 467 5.22 

C Av'erage of 25 getiolpes iik('ltifle(d 2 332 445 4.84 
in trial 3 263 376 4.48 

4 194 307 3.76 
5 	 138 251 3.02 

Table 8. Grain yield, above growind phytomass, harvest index, and yield components for durum wheat 
genotypes, CIANO, 1983-84 

1000-
Yielda Phytomass kernel 

Variety or line 

12% 
moisture 

(t/ha) 

dry 
weight 
(t/ha) 

Harvest 
index 

(%) 
No. of 

spikes/m 2 
No, of 

grains/m2 

No. of 
grains/ 
spike 

dry 
weight 

(9) 

Carc'S' 8.68;i 17.53a 4.4 .,la bc 37'3al)cde 16.500a 4,5a -16.2e 
C1)2483 1 
5M-l 1Y-OM 

Ga 'S' 8.20a 16.6Oab -43.7abed 377abcd 14.000ab 38ab 51.6cd 
CD22344-A-8M- 1Y
IM-IY-2Y-I M-OY 

Giil 'S' 7.50ab I . 09a 38.81)(dc 39tab I 2700bc 32bc 52.0d 

C(M 1 1616-(- I Y-
IM- lIY-OY 

Yavaros 79 7.18 abe 14.50abc -t lab 320cdc1c, I1,900bcdc 38T0 53. 1brc 
Mexicali 75 
Jori 69 
Cocorit 71 
C hapala 67 
lari'igon Yaqt i 
l'abcloni 67 
Oviaebie' 65 
Tlehnawa 67 
'I'elIIaactI 60 

7.1 6abe 
6.33bed 
6.26bed 
5.68c(h 
5.54 1h-f 
5.20dci 
-1.35e49 
-. 09fmg 
3.34tg 

12.74c 
15.97ailb 
15.73al)c 
14.58a)(' 
15.60aa e 
I 6.25ab 
15.34ail)c 
14.58abc 
12.8(-; 

49.9"1 
35.2(hef 
35.(cSele 
34.3cl 
3 1I big 
28.21 
25. 1gli 
24.8g) 
22.9gb 

329bcdcef 
352abedc 
'11 3ab 
,138a 
288'g, 
353;b0ul 
2,98delg 
23g. 
2521g 

12.200bed 
9800clg 

lI .00('d(f 
9.000gh 
9. 600cfg 

I 0.300cehcf 
8.300gb 
!. 1001g 
5.300i 

371) 
28cd 
26cde 
21 de 
331w) 
29r 
28c(d 
38ab 
21 (le 

51.6c1 
56.9a 
50.4(l 
55.6al) 
50.9d 
4,4..4e 
46.0c 
39.71' 
55. 1labe 

i M nills l'olh)wer by [te snt11c hlttr were Ilo sigiilii l vl (li' iltreu ittat 5% level 1sing I)nlltielan's Multiple Rl nge 
lest 
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Table 9. Triticale genotypes used in experiments evaluating the 

performance of complete and substituted types 

Coi- plete 

Merino 'S'-Juanillo B-2736 

M2A-Bui x Drira-Kgr B-2683 = Sika 'S' 

-TIRA-Bgl x Drira-Kgr B-2658 = Civet 'S' 

IRA-Drira 37 B-507 = Elk 'S' 

Juanillo 159 = Eronga 83 

IRA-Bgl x Drira-Kgr B-2658 = Civet 'S' 

Zebra 357 B-2672-476-OM 

Substituted 

Ptr 'S'-MA 106 X39860-7Y-2M-3M- = Tesmo 'S' 
2Y-0H 

Ptr 'S'-MA 106 X39860-2Y-7M- = Tesmo 'S' 
IY-OY 

Ptr 'S'-Castor 'S' X31731-24Y-9M-OY 

Cml 'S'-Kal x IA-IRA X39651-1Y-lM-2Y-
IY-OH 

Lemrning 'S' X33208-1-500Y-50OM-
500Y-500B-503Y-OY 

Cananea 79 

(Corm 'S' D673 x X-65163-7Y- IM-OY(PM No.25) 
Gta 'S'/Spy)Gpr 
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Table 10. Yield and yield components (averaged over genotypes) of complete and substituted triticales,
CIANO, 1982-83 and 1983-84 

Yield Phytomass 1000
12% dry Harvest No. of kernel

moisture weight index No. of grains/ weightType (t/ha) ft/ha) (%) spikes/m 2 spike (9) 

1983
 
Complete 	 7.33 15.33 42 316** 52** 39Substiluted 	 7.18 15.11 42 356 47 38 

1984
 
Conpletc 	 6.96 16.77** 37 315** 45 44**Substituted 6.50 15.50 37 361 43 37 

Pooled 1983-84 
Complete 	 7.19" 16.02 40 319** 49* 42*
Substituited 	 6.89 15.46 40 350 40 38
 

• Differ significantly at the 5% level 
• * Differ significantly at the 1% level 

Table 11. Yield comparison (t/ha) of complete and substituted 
triticales grown under water stress and without wvater stress, 
CIANO, 1983-84 

Type 	 Perccntage
TrUatment Complete Substituted difference 

5 	 irrigations 5.78 5.19 10irrigation 2.78 2.40 14 

% reduction 	 52 54
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Milling and Baking Laboratory
 
A. Amaya C. and R.J. Pefa 

Introduction 
The acceptability of CIMMYT 
germplasm for national programs 
depends not only on the agronomic 
characteristics and disease 
resistance of the materials, but Iso 
or the quality characteristics 
required for prepariation of local food 
products. To help ensure that these 
requirements are met. the CIMMYT 
milling and baking lahoratory 
evaluates and screens early 
generation materials (F 2 to F5 ) for 
good grain type. Early gcncrat i,m 
lines with good grain type are 
subsequiently tested for additional 
characteristics, including gluten 
strerfth, protein content, alpha-
amylase activity, and pigment 
content (in dururn wheat nly}. 
Advanced lines are evaluated for test 
weight, rheological characteristic,. 
gl tetn strength, protein content, and 
milling and baking quaiiCes. 
Breeders integrate these data with 
information on yield, dsasc 

resistance, agronomic character-
istics, and other factors to make 
crosses and select for high-yielding 
and widely adapted bread and 
dtlrurm wheats and Iriticales. 

Aside from Ircforming these 
evatlat ions, Ihe laboratory provi 's 
training in its metlhods ant 
ptmcedures for pctsottel flout 
;iational crop imlprovetment 
ptograns throughout the world, 

Bread Wheat 
During 1984, 2294 advanced line,; 
and varieties vere evaluated 1'--
quality. This material includd the 
spring Crossing Block (CB) 
harvested at CIANO in 1983-841 and 
the same CH harvested at Toluca in 
198:3. Thcse CBs were evaluated to 
determine the effect of the 
contras'ing environments at Toluca 
and CIANO on qtality. Lines from 
both locations showed iittle 
variability in gluten strength. Alpha-

J , ',' " 

amyla .;e activity, although more 
variable than gluten strength 
hcoause of high humidity at Toluca, 
was rarely greater than the level 
desirable for good baking 
performance. 

Forty percent of the lines from the 
finlter Crossing Bllock at Toluca, 

1984-85. showed weak glulctn with 
good extensibility. The entire range 
of gluten Itv)cs was )resenlt in the 
212 entries of the 1811h IlIWSN. 
Flour protein varied froin 9% to 
12% and loaf volum froti 520 cc to 
965 cc for a 100 g loaf. 

Diarum Wheat 
Individual plants selected by the 
durum wheal program for good seed 
typc were evaluated for pignicmtl 
Cotltct. Of 8550 plants testcd. 35% 
were discarded because theit 
pigment cont tvas less tItan 5 
ptflm. A total of 753 advanced lines. 
most of them included in the spring 
and winter 13s and the 16 th iDSN. 

'
 

Dr. A. Amaya (right), head of the milling and baking laboratory, works with a participant in the Cereal Technology 

training course. 
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were evaluated for yellow berry,
black point, test weight,protein and 
pigment content, an. semolina 
characteristics. Many of these 
varieties and lines possessed good
quality characteristics for pasta
production, although some still had 
a high incidence of yellow berry,
resulting in lower semolina yields.
Black point, which lowers semolina 
quality, was discovered in several 
lines. Pigment content values 
ranging from 7.0 to 11.2 ppm were 
recorded for 12% of the lines in the 
spring CB.Weak gluten in 7.5% of 
the lines limited their suitability for 
pasta production. 

In the 16th IDSN, only 4.5% of the 
lines had weak gluten. From thi. 
nursery, three lines were selected fcr 
incrase as possible f,ture 
commercial varieties because of 
good yield and disease resistance. 
These were Gallareta 'S'(pigment 
contcnt 5.6 ppm, 10.5% protein), 
Chen 'S'(pigment 5.4 ppm, 11.7%protein), and Carcomun (pigment 
5.0 ppm, 9.2% protein) (protein
assessed using 14% moisture basis). 

T riticale 
In 1984, 995 advanced lines from-. 
the CB, 16 th ITSN, and Fifteenth 
International Triticale Yield Nursery
(ITYN) were evaluated. Compared to 
earlier triticale materials, the 1984 
CB was composed of 300 lines and 
varieties that were much improved
with respect to sprouting resistance, 
gluten strength and quality, flour 
yield, and bread loaf volume. Of the
300, only 12 had ionr yields lower
 
than 60%, and 8 samples had more
 
than 70% flour extraction. Bread
 
loaf volume was higher than 700 cc
 
for 48 saraplo and higher than
 
800 cc for 11.
 

All 250 lines in the 16th ITSN had
 
flour yields higher than 60%, and
 
58 of the samples equaled or
 
surpassed 70% flour extraction. Loaf 
volumes for 20 lines were equal to 
or greater than 800 cc, and 61 
possessed coode quality ranging
from good to very good. 

Basic 
Germnplasm Development 
The basic genrnplasm development 
program sent 611 lines ibr 
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evaluation in 1984. Of thesf., 43% 
had a flour protein percentage of 
12% or more (the highest vaiue was 
15.4%), and loaf volumes higher
than 800 cc. Several lines with 
excellent baking character'istics 
produiced br,-'ad with volumes higher
than 1025 cc. 

Training 
The laboratory received three 
irainees In 1984. Anna M. Mrema 
(Tanzania), Kanchana Natesomranh,
and Swaporn Siwawey (Thailand) 
spent three months at CIMMYT 

":..
 

,-


'
 

learning techniques for evaluating
breeding material, studying the uses 
and types of wheat, and learning 
how to handle and service 
equipment used in the laboratory.
Denise Granger (Chile) came to the 
laboratory for one month as a 
visiting scientist. Yolanda Morales 
Ruiz, Odilia Campos Padron, and 
Luz Maria Duefias Alvarado (Mexico) 
spent three weeks in the laboratory
studying the preparation of triticale 
products, since these staff members 
are to run a bakery where triticale is 
used for making bread. 

'At 

-

-

.
 
,
 

,!"
 

,
 

Dr. J.Pefia of the milling and bakiig laboratory. 



International Nurseries
 
M. Alcalk S. 

Introduction barley, and germplasm development segregating populations-F 2
Each year, CIMMYT sends nurseries to cooperators in 97 These materials, whose genetic and 
numerous nurseries-sets of lines to different nations. Tables ). and 2 phenotypic variation is great, are
 
be planted for different kinds of provide details of the types, chosen with reference to local
 
evaluation-to cooperating numbers, and distributon of these climatic conditions, soil typei,

agricultural scien t ists throughout nurseries, moisture availability, disease
 
the world. The nurseries, distributed spectrum, and cultural practices

only upon request, are grown under Nursery Categories prevalent where the nurseries will
 
a range of conditions, in which the Six categories of nurseries were sent be evaluated.
 
adaptability, disease resistance, out in 1984:
 
stress tolerance, and yielding ability Screening nurseries-Lines
 
of entries can be rapidly and Crossing Blocks-Potential parental showing outstanding performance

accurately assessed. Cooperators are lines are selected for use in crossing under conditions in Mexico inay be
 
asked to provide performance data programs, and entries in each included in one or more screening
 
to CIMMYT for compilation, Crossing Block (CB), which may nurseries. Lines in these nurseries
 
analys,s, and eventual publication include as many as 500 lines, are are assessed for agronomic type,

and dissemination to interested arranged according to their adaptation to local conditions, and
 
parties. In return, cooperators are previously Identified genetic disease resistance, though not for
 
free to use the germplasm they superiority for one or more traits. yield.
 
receive in their own programs, for Criteria for grouping varieties and
 
crossing with local varieties, or lines within the nursery include Screening nurseries have three basic
 
perhaps even for seed multiplication high yield and/or wide adaptation, functions:
 
and subsequent varietal release, disease resistance, adaptation to a
 
CIMMYT stipulates only that the specific region, agronomic They introduce new genetic 
source of the fermplasm be characters, tolerance .o high levels variability into the germplasm 
aciknowledged, of free aluminum, and milling and bases of national wheat 

baking quality. improvement programs, and 
In the summer of 1984, CIMMYT may be used in crosses, 
distributed a total of 2413 bread reselected and released as a 
wheat, durum wheat, triticale, varietv, or used directly; 

*They provide a means of 
evaluating new advanced lines 
from Mexico; and 

They provide information on 
performance of germplasm over 

S-'a wide range of climatic and 

disease conditions. 

Yield nurseries-Yield nursery (or
trial) entries may be taken from 

V national programs or the CIMMYT 
program. These entries are usually 

' , advanced materials (F5 -F 7 ) or 
Icommercially released varieties. 

Materials from national programs
are first grown and evaluated in 

S .14Mexico prior to being selected for 
inclusion in yield nurseries. 

international nurseries program. 

S OR' 2) In 1984, staff of the international 
nurseries program prepared 2413 
nurseries for distribution to 
cooperators in 97 countries. 
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These nurseris have four purposes: 

" 	 They perrit the performance of 
advanced lines to be evaluated 
over a wide range of eonditions: 

They ;lal(e it possible to 
compare perlh)rinance char-
aeteristics of materials fron 
numn1erous sources at each trial 
location: 

* 	 They are sources of gluietic 
varialbility that cooperators lIay 

take advantagc of directly or in 
crosses: and 

" 	 They generate information on 

the principle.; of adaptat'on.
 

Disease nurseries-These ntur
series are distributcd to locations 
%%,hereparticular diseases Ire likely 
to occur with regular incidence and 
intensity. They are a means of' 
identifying and evaluating potential 
sources of disease resistance, and 
agronomic evaluation receives less 

n ohal sis. 

Yield components-These 
nurseries fron the gernplasm 
development program are sent to 
locations that permit the cvaluation 
of yield cortl.onents (i.e.. number of' 
spikes per plant, spikelets pei- spike. 
grains per spike) as well as grain 
characteristics and biomass, in 
different environments. Data 
gathered from these evaluations 
provide infornmation about Ihe 
stability of yield comlonents and 
hel ) fornulale guidelines for further 
wheat improvement. Cooperators 
use these data in their crossing 
p~rogramls. 

New Wheat Storage Facilities 
New bulk storage bins were 
developed at CIMMYT to re place 
sack storage and satisfv dally 
demands for seed from the yield and 
screening nurseries (Figure 1). Se-d 
is kept at room tenl)rature and a 
relative humidity of 5 0 %. The bil 
has two advantages over sack 
storage: small quantities of seed 

may be removed more easily, and 
seed is protected fron rodents. Since 
it is not hernetically sealed, tVw bin 
provides no protect ion against 
insects, and mnust ]e fnunigaled 
when, necessary. Otherwise. no 
special care is rcquired. 

The biins. each designed to store u I)  
to 100 kg of wheat seed. are 
constructed from a metal sheet 1.24 
nn thick. The parts are butted 
together, with lie exception of the 
nozzle, which is welded in place. A 
lever lid at the top of tile bin allows 
it to be filled easily using a m-nobile 

seed elevator. Different quantities of 
seed can be wvithdrawn fron the bin 
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through the nozzle. which Is made 
of a funnel with a separator plate 
that can be opened and shut easily. 
Precise quantities of seed can be 
measured if a hose is attached to the 
funnel and a sack is placed on a 
balanec on the floor beneath the bin. 
Two angle brackets at the front and 
back of the bin are used to hang the 
bin oinan adjustable frame; ideally. 
the bin should be placed high 
enotugh to pernl it a standing person 
to use the funnel. Shelves can be 
built underneath to store small tins 
of reserve seed. More complete 
specifications for constructing these 

storage bins are available from 
CIMMYT on request. 
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Figure 1. Bulk storage bin developed at CIMMYT. 
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Table 1. Bread wheat, durum, triticale, and barley nurseries 
distributed by the International Nurseries Program, summer, 1984 

Bread Duram Germ. 
wheat wheat Triticale Barley dev. 

Latin America 306 94 88 40 59
 
Argentina ;9 26 7 
 - 7 
Bolivia !8 10 5 3 3
 
Brazil 80 7 20 7 16
 
Chile 26 13 7 2 8
 
Colombia 13 7 4 2
 
Costa Rica 5 2 1
 
Dom. Republic 4 - 1 3
 
Ecuador 13 5 1
1 3 

Guatemala 15 3 2
 
Guyana 
 2 
Mexico 28 16 10 11 11 
Paraguay 15 4- 1 3
 
Peru 26 20 15 5 3
 
Uruguay 10 1 1 2
 
Venezuela 2 1 I 

Africa 246 90 58 54 34 
Algeria 16 12 2 5 1 
Angola 1 11 1 
Burkina Faso 5 
['irundi 3 1 I 
Cameroon 6 1 2 1 1 
Congo 2 -

Egypt 24 18 8 6 8 
Ethiopia 15 38 4 4 
Kenya 15 6 4 5 3 
Libya 7 5 - 2 
Malawi 7 2 2 
Morocco 18 6 1. 1 
Mozambique 6 3 4 1 
Niger 1 1 1 1 
Nigeria 6 1-
Rwanda 8 3 2 1 
Senegal 3 1  -
Somalia 1 - -
South Africa 19 8 7 7 5 
Sudan 14 5 2 1 1 
Swaziland 3 1 -
Tanzania 16 3 5 3 1 
Tunisia 10 12 4 6 5 
Uganda 6 1-
Zaire 4 1 1 
Zambia 17 4 
Zimbabwe 13 - 5 2 

(continued) 
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Table 1 (continued) 

Bread Durum Germ. 
wheat wheat Tritica.e Barley dev. 

Middle East 140 69 43 51 27
Cyprus 6 6 3 3 1 
Iran 10 - 2 3
Iraq 6 6 4 4 1
Israel 19 9 3 4 8
Jordan 9 13 6 3 2 
Lebanon 6 3 1 1 
Qatar 3 - - 2 
Saudi Arabia 7 3 2 2 1
Syria 30 19 10 12 5
Turkey 35 23 11 18 7 
Yemen, North 4 1 1 
Yemen, South 5 1 - 1 

Asia 240 38 36 37 39
Afghanistan 8 4 2 4 1
Bangladesh 21 1 2 1 2 
Bhutan 4 1 1 1 
Burma 10 1 2 2 1
China 79 9 6 9 15
India 13 3 1 2 4 
Indonesia 6 1 1 
Japan 1 -
Vf. -a, South 4 2 4 
Nepal 14 2 1
Pakistan 37 12 9 6 6
Philippines 17 2 4 1 3 
Sri Lanka 4 - 1 2 
Taiwan 5 2 2
Thailand 17 5 4 3 2 

Oceania 23 9 11 4 2Austral!a 16 4 6 2 2 
New Zealand 7 5 5 2 

Europe 166 98 96 58 
 40
 
Albania 2 1 1 
Austria 3 1 
Belgium 1 I
Bulgaria 5 6 3 1 
Czechoslovakia 5 2 2 4
England 6 1 6 3 3 
Finland 1 I 
France 11 3 9 6 4 
Germany E. - 2 1 
Germany W. 4 48 3 -
Greece 11 10 6 6 3 
Hungary 3 2 2 1 1 
Ireland 5 5
Italy 9 18 4 6 4 
Netherlands 5 

(continued) 

98 



Table 1 (continued) 

Bread Durum Germ. 
wheat wheat Triticale Barley dev. 

Norway 4 - 2 2 2 
Poland 10 7 41 4 

Portugal 15 8 7 5 1
 
Rumania 5 6 3
1 1 
Spain 39 33 29 11 6
 
Sweden 6 4
-
Switzerland 2 1 1 1 
USSR 7 - I 
Yugoslavia 10 12 1 

North America 40 21 10 20 6 
Canada 9 2 1 4
 
USA 31 9 619 16 

Totals: 
Countries: 97 
Nurseries: 44 

Table 2. Number of lines in each of the 1984-85 nurseries 

Nursery No. ofentries 

Bread wheat
 
F 2 Spring x Winter 38F 2 Irrigated 345
F2 Dryland 112F 2 Highland 163
F2 Helminthosporium 76
F2 Scab 76F 2 Southern Cone 129
F 2 Aluminum 117
2nd Early Maturity Screening Nursery 1893rd Drought Screening Nursery 126 
2nd Heat Tolerant Screei ,tr,g Nursery
3rd Helminthosporium Screening Nursery 

113 
76

3rd Aluminum Screening Nursery 88 
18th International Bread Wheat Screening Nursery (IBWSN) 212
21st International Spring Wheat Yield Nursery (ISWYN) - 3 replications. 50 entries 150 
6 th Elite Selection Wheat Yield Trial (ESWYT) - 3 replications, 30 entries 90 
Parcela Chica (PC) 1145 

Special nurseries 
2nd International Disease Trap Nursery (IDTN) 275
15th International Septoria Observation Nursery (ISEPTON) 156
ISt Karnal Bunt Screening Nursery 1759 

(continued) 
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Table 2 (continued) 

No. of
Nursery entries 

Durum wheat 
Spring x WinterF2 63
IrrigatedF 2 171 

F 2 Dryland 128 
F2 Stem Rust Resistance 75 
1 6 th International Duruni Yield Nursery (IDYN) - 3 replications, 30 entries 90 
14 1h Elite Durun Yield Trial (EDYT) - 3 replications. 30 entries 90 
16th International l)urun Screening Nursery (IDSN) 155 
Crossing Block (CB) 111 
Advanced Lines 224 

Triticale 
F 2 Spring x Winter 50 
F2 Bulk 163 
16 th International Triticale Yield Nursery (ITYN) - 3 replications, 25 entries 75 
16th International Triticale Screening Nursery (TTSN) 250 
Parcela Chica (WC) 729 

Barley 
Spring x SpringF 2 183 
Spring x WinterF 2 85 
Zona AndinaF 2 107

7t International lBarlev Yield Trial (IBYT) - 4 replications, 25 entries 100 
12th International Barley Observation Nursery (IBON) 106 
3rd Barley Yellow Dwarf"Virus Nursery (BYDV) 115 

Germplasm development 
Yield Components (bread wheat) 30 
Yield Components (durum wheat) 23 
Leaf Rust Resistance Material 112 
Aluminum Tolerant and Disease Resistant Material 67 
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Andean Region
 
H.J. Dubin, P.N. Fox, and P.C. Wall 

Introduction 
Several features of wheat production 
in the Andean region over the past 
five v'ears are significant. Percentage 
changes in yield and production 
from 1979-84 are shown in Table 1. 
togethcr with approximate 
production and iml)ort statistics fori 
198,1. 

In Colombia, governient policies. 
especially a stilltuilatory price, have 
bcen iiistrilmcntal ill increasing 
\'ields alld the aiou i1iiof land oil 
which wheat is grown. Ilowever. Ilie 
amount of land sowit to l)arlev in 
Colombia was reduced enormously 
by disease epidenilics. first of 
Plccinia stlri/irnisf. Sp. ]hordci 
(PSH) beginning in 1976. and IHlici 
by P. hordci on Ilh PSI- -rcsist a-nt 
varieties released to over-comel the 
first epidmcnic. 

The great pcrcciitage increase in 
barley yields ill Ecuador aiid Pern 
may be attribultCd 1o the adoption of 
varicties resistant to PSII. and. ill 
Pert. . to the impact of a )arley 
production program that cxtcnds 
credit and other facilitlies to growe.r,, 
and is conducted by the breweries. 
Wheat production in Ecuador Was 
reduced in 1984 because of heav, 
rains that interfered with sTedingi. 

Program Objectives 
Regional staff are pursuing several 
major objectives, one of which is to 
help national research programs 
produce germplasm vith high yield 
potential, disease resistance, and 
adaptation to the agroclimat"ic areas 
of the region. Another objective is to 
train )ersonnel in germplasin 
management to achieve ltese ends. 
Yield potcntial per s e is not a iliajor 
limiting factor in the region. I)ut tile 
inOpLrtancc of disease resistance can 
be app!reciated from the fact ihat in 
Ecuador three resistant harley 
varieties have raised yields to where 
hey were )efore lhe 1976-77 PSII 

cpidemic (Table 1). The ecolloinlic 
I)entfil of tliese ill"'CCc vietiiCs. 
selectdcl by the Nat ionai !'vsiittoe of 
Agricultural Research (INIA"). is 
alpproxilmalclv USS 1.4t million per 
year. or 27% of li total INIAP 
hui(lgct 

A not her major objective of' the 
program staff is to train scientists in 
agroioimy and agronomic rescarch 
procedures aimed at developing 
viable recommendations for cereal 
growers, 

Germplasm Development 
A total of 157 nurseries from 
CIMMYT Mexico were received in 
the region for 1984 seedings; over 

BOLIVIAavailability 

half were bread wheat. The Latin 
American Disease and Observation 
nurseries (VEOLAs) comprise the 
most promising advanced lines of 
bread wheat and barley from Ill( 
national i)rograms. The 8 th Wheat 
VEOLA and 7 th Barley VEOLA were 
)repared at the regional base in 

Ecuador. and 45 sets werc 
distribulted among 1 1 countries 
with illthe region and elsewhere. 
Rcenly the nurseries were 
expanded to illhlde segregating 
imalcrials from Andean breeders. No 
new varieties were released in the 
Andean Region in 1984. 

Colombia 
Obscrvations in June at the 
Tibailatft Experiment Station near 
Ilogott, showed that the newly 
released ICA-Susati (Aid 'S') was 
susceptible to a loxv frequency P. 
srilbrinistritici (PS! I race virulent 
on Yr 9 (R.W. Stubbs, unpublished). 
By the end of the v'ear, the 
frequency of the virulent strain had 
increased dramatically in the second 
cropping cycle and ICA-Susatil was 
completely susceptible to leaf and 
spike infection. The 113/1R 
tlrallslocation possessing Yr 9 is 
contained in Aid 'S', and apparently 
was the only effective gene for PST 
resistance in lCA-Susati. This 
varietv was also highly susceptible 
to Gaet'nnOm v(es ilrainils, 
confirining observations made in 
Ecuador. Severe P. recondila 
infection as well as moderate levels 
of G. grariiiisinfection were noted 
in ICATA 76. The sIseeptibility of 
these two varictics stresses the need 
for wheoa breeding programs to 
emphasize disease resistance when 
developing varielits for the 
traditional whcat-groving areas of 
Colombia. 
In 1983. lhe Colombian Agricultural 
and Livestock Instittite (ICA) 
expressed interest ill growing wheat 
in the lIanos, a low-lying plain (200 
in elevation) with high temiitperatires 
(mean mitimum 22.91C) and acid 
soils, where solubhl illnlinumll c'll 
limit crop production. The 

ofimaterial for t his area 
was e'xanllilcd ill 1984. whetn 
several nturseries froim CIMMYT 
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Mexico and some Colombian very resistant in the trap nursery, objective of the program. and in
segregating material were sown. It but preliminary evidence suggests 1984. cooperation between INIAP
appeared that temperature was the that Clement may also contain an and the CIMMYT-based ICARDA 
greatest constraint to wheat additional resistance gene for PST. breeder was strengthened to
adaptation in the Llanos; most of overcome leaf rust and other factors
the lines that germinated did not Inocula, .,of breeder nurseries limiting barley production. Breeding
produce spikes, although numerous produced severe PST epidemics on nurseries were successfully
small tillers were produced. susceptible materials and permitted inoculated with Rlhyncosporiurn
Presunably, high temperatures kill good screening for resistance. secIis. using infected leaves, and
the apical meristem. Diseases were Inoculation and screening have good resistance data were obtained.
also present: Hehninthosporiun played a vital role in producing Infections of BYD and the "spotsativum and Fusariumn equiseti wvere relatively stable resistance to PST in form 'of H. teres were noted in
idenlified from plant samples (L.I. germrplasm for the Andc in zone and barley nurseries. The PSH virulence 
Gilchrist, unpublished). Further in incorporating effective resistance genes remain unchanged from lastscreening and more detailed studies genes into many varieties world- year  race 24 predominates, but 
will be conducted in 1985. wide. Ecuador was formerly without the "Mazurka" or 

considered a "hot spot" for this "Varunda' variants.
Ecuador 
 disease. Other diseases recorded in
Bread wheat varieties INIAP-Altar the nurseries were F. nivale. Peru 
and INIAP-Tungurahua continued to Septoria tritici.S. nodorum. G. With the consolidation of several
perform well and remained resistant graininis. Nariflo Dw:'f, and BYD, isolated breeding programs in the 
to major diseases in 1984. with H. tritici-repentifscausing Peruvian "Sierra" into one program
Chimborazo was increasingly severe foliar blight in material in based in Cuzco, a coordinated
affected by PST: in some cases, one on-farm trial. germplasm development program
spike infections reached 60%. Trap for the Andean areas of Peru was 
nursery field data indicated that no The incorporation of leaf rust initiated. The wheat varieties
changes in the PST races occurred. (P.hordei) resistance into barley Ollanta and Cahuide are still
Clement. which contains Yr 9,was continues to be another major somewhat resistant to the major 
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Dr. P. Wall, agronomist (right, and Dr. . Dubint, pathologit CIMMYT outreach taff poted to the Andean region. 
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diseases prevalent in the Sierra, and 
emphasis was placed on 
reconstituting these varieties, since 
no basic seed had been produced for 
many years. Farmers' fields 
contained up to 50% mixture, but 
the mixtures are often susceptible to 
rusts, primarily PST. At the same 
time, production of basic seed of 
Gavilan (Pavon 'S') and Inia-C102 
(CC - Inia x Bb) was started. 

Trials of advanced material from all 
previous breeding programs were 
sown throughout the Sierra. 
Decisions on variety release will 
thus take into account adaptability 
and general disease resistance, 

No unique pathology problems were 
seen in Peru in 1984, but 
Xanthomonas translucens, 
S. nodorum, S. tIritici, and F. nivale 
occurred commonly in the National 
Institute of Agricultural Research 
and Extension (INIPA) breeding 
nurseries at Andcenes (Cuzco). Barley 
yellow dwarf was also observed in 
both the Andenes and Taray 
stations, and good infections of stem 
rust (P.graininistritici)occurred in 
Taray. 

The National Agrarian University 
(UNA) and INIPA continue to work 
with winter wheats for the high 
plateau (3800 m elevation) of Puno 
and other very high areas. In the 
UNA nurseries in Huancayo. where 
the climate is not as extreme as in 
Puno, yields of up to 8 t/ha were 
obtained from several selections of 
facultative types. Interest in winter 
wheats is growing in Peru and it is 
vital to test the most advanced 
material in the harsher conditions of 
the Puno plateau. 

Bolivia 
In Bolivia, attention is increasingly 
focused on the Department of Santa 
Cruz, where, with appropriate 
incentives, wheat could be produced 
on a large area. In the area north of 
Santa Cruz, where 8500 ha were 
planted to wheat in 1984,
helminl hosporium diseases have 
been the major biological conistraint. 
Selection strategies of the Tropical 
Agricultural Research Center (CIAT), 

Bolivia, are aimed at overcoming 
these diseases. However, 1984 was a 
dry year and there was little 
development of helminthosporium, 
resulting in poor selection preSsure. 

Leaf rust (P. rccondita) is not 
normally a disease of major 
importance in this area, but in 1984 
there were severe infections north of 
Santa Cruz and at the Abapo-lzozog 
project in the Bolivian Chaco. Trap 
nursery data indicated that the 
higher incidence of this disease was 
not due to a race change, but rather 
to an increase in the inoculum load 
reaching the area, probably from the 
southeast. Nacozari 'S' and Cupesi
(Bobito 'S'). new varieties of the 
Abapo-Izozog project, were both 
very susceptible, as were varieties 
PAl 3 and PAl 4. A nw advanced 
line, Mistol (Bow 'S') showed good 
resistance to both P. recondita and 
P. graminis, but the variety matures 
slightly too late for widespread use. 
Saguayo, tile main variety grown 
north of Santa Cruz, also proved to 
be highly susceptible to lea( rust. 

Collections of a foliar wheat blight 
from the San Benito Experiment 
Station, Cochabamba, in 1983, were 
analyzed and the fungus H. avenac 
was associated with the lesions. This 
is the first report of the H. avenae 
strain in the Andean region. The 
Commonwealth Mycological 
Institute confirmed tile identification 
and has specimens on deposit. 

Crop Management 
Bolivia-The mountain valleys of 
Cochabamba had a very wet season 
after the extreme drought of 1983. 
In drier areas where wheat is 
commonly grown in Bolivia. it 
appears that tie fertilizer 
recommendation could be increased 
from 40-40-0 to 80-80-0, and the 
recommendation for barley could be 
raised from 30-30-0 to 60-80-0. 
However, it is unlikely that anty 
rcconimendation will be adopted by
ti farming population because of 
the poor econiomiic sit , tion anti tlie 
uncertain m . wt for Itie grain 
producel. The critical ccolnoinic 
situation has also made it difficult 
for the Bolivian Instiitte of 

Agrioulture and Livestock 
Technology (IBTA) to carry out as 
much agronomic work in 1984 as in 
previous seasons. 

In the lowland area of the 
Department of Santa Cruz, the 
Abapo-lzozog project, under the 
Ministry of Defense, is settling 
farmers on irrigated land. The major 
wheat production problem in this 
area is the compaction and low 
infiltration rate of the sandy clay 
loam soils, in which the clay 
fraction is primarily kaolinite. In 
1983. it was hypothesized that 
direct drilling of seed might 
ameliorate the soil compaction 
problem by reducing the amount of 
wheel-traffic over the fields, 
especially when they were moist, 
and direct drilling was tried in 1984. 
Although zero tillage (direct drilling) 
(lid not give good results, a 
minimum tillage treatment 
(subsoiling to 60 cm with tynes 50 
cm apart, and then drilling the seed) 
gave significantly higher yields 
(about 0.5 t/ha greater) than the 
normal practice of subsoiling, 
plowing, disking, and seeding. This 
work is to be continued to study the 
longer-term effects. 

Ecuador-Poor soil fertility is the 
major constraint to improving yields 
andI economic benefits in tile 
Cayambe area of northern Ecuador. 
In t984, as in the wet season of 
1983, optimum fertilizer 
applications were markedly different 
from tl.ose found in the drier years 
prior to 1983. Diring the dry years 
before 1983, 80-160-0 (80 kg N/ha 
and 160 kg P205/ha) was the most 
economic fertilizer rate. followed by 
80-80-0, but in the 1983 and 1984 
seasons there has been far less 
response to applied phosphorus and 
more response to applied nitrogen. 
The optimum fertilizer application in 
these seasons was between 120-40-0 
and 160-40-0. 

Covering broadcast seed with a light 
offset tandem disc harrow, as 
opposed to the heavy disc harrow 
nornially used by farmers, gave 
excellent results. Plant populations 
were good at sites where this 
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implement was used. In the future, 
work on banding fertilizer and seed 
will be an adjunct to research on 
broadcasting and seed incorporation. 

Ilnthe Salcedo area on the western 
Andean range. at elevations between 
2800 m and 3400 m. barley is an 
important food crop grown by most 
farners, generally sinall-scale 
farmers organized in conuntines. Iln 
lreviots years. poor fertility was tile 
greatest im[pedillcnlt to wheat 
tproduction in the area, but trial 
num1bCrs were insufficient to idceitify 
optilnunil cconomic fertilizer 
treatments. In 1984. only one 
replication of a fertilizer trial was 
seeded at each site, and therefore 
results were obtained {rei a far 
greater number of farners' fields, 

The optimum fertilizer level 
encountered was 60-90 kg N/ha and 
40-80 kg P205/ha. There was some 
evidence of a response to potassium 
and more research needs to be clone 
on tile response to this elemnent. 
Yields of the unfertilized cieck 
varied with te previous crop. 
Barley sown after fertilized l)otatoes 
or grazed, weedy fallow gave far 
higher yieIlds (about 1.3 t/lia ior-) 
than barley sown after barley, horse 
beans, or peas (all unfertilized), 
However, the responses to applied 
fertilizer in this season were similar 
regardless of tie previous crop. 

A 'baffle' harrow. developed in 
Bolivia illa cooperative project with 
the Swiss government (CIFEMA). 
was tested this year iii the Salceclo 
area as an alternative nicthoI of 
incorporating broadcast seed and 
fertilizer. The use of this ox-drawn 
harrow significantly increased yields 
at two sites where it was tried, and 
provoked much intcrest anong 
cooperating farmers. Compared with 
the usual methods of using a single-
tyne or ox-drawn plow or a hand 
hoe, the harrow, with its 1.6 ili 
width, reduces Ihe tlime required to 
incorporate seed in a field. 

Peru- Exploratory trials to identil, 
the most significant factors limiting 
yields were installed in five 
departments of the Sierra. Lack of 
good cleall seed is a serious problern 
for farmers, but cont. ry to the 
expectations of researchers,. variet\ 
per se did not prove to be a great 
constraint in the Sierra. Poor soil 
fertility was the prime limiting 
factor iound in all areas, though in 
some locations weeds were 
extremely important. and the two 
factors will have to be treated 
together because of tile strong 
interaction shown between them. 

Economics research-Thc Andean 
region is the only area in tie world 
where the amount of land clevoted lo 
wheat cultivation has (Iceliled 
markedly illthe last 15 years and 
yields have stagnated. To 
understand tile origins of Ibhis 
situation and its inplications for 
future wheat research inlEcuador, 
the CIMMYT Economics Programi 
conducted a stucty in Cavanlibe, 
Ecuador. Results of this study 
showed that when national 
profitability of several crop-livestock 
activities was calculated, wheat 
provided tile hiighcst retunrnis to lald 
after potatoes. These results imply 
that a strong wheat research 
programi is justified in Ecuador, and 
that researchers should plan for 
possible changes in food policy over 
the long telin. A dcliihled accolint of 
the study is repolied iniBycrlc 
(1985). 

Training 
Agronomy research course-A 
training course on perforning 
agronomic research under 
conditions representative of targe-t 
groups of farmers was :)rganized and 
conducted in Peru during late 1983 
and 1984, with tlie help of CIMMYT 
regional and hlcadquarters staff. The 
course, licld illand arould Cuzco. 
was atteidedi by 19 1'reseac-hsic-nltists and 
included research agronomisis aid 
extension specialists. 

The course was conducted in four 
parts. The first part took place 
during 10 days at seeding time, 
When survey results vere, analyzed 
and trials were designed and seeded. 
The second part of the course was 
held during a one-week period in 
mid-season. Treatnent responses 
wvere judged and notes were taken 
on diseases and other factors that 
could influence results. The third 
session was offered during two 
weeks at harvest. \%lell trials were 
harvested and two farner field clays 
were eonduictcd. At the same time, 
data were analyzed and participants 
established priorities for ilie 
following season. The last session of 
the course occurred 3-4 months 
after harvest. Participants met for 
three days to present an(d discuss 
results from all areas of ti Sierra. 
and plans for 1984-85 were made. 

Although a short course can provide 
only the most essential information, 
participants judged the course to be 
very successful. The effectiveiess of 
the course is al)parcnt from the fact 
that ini eight areas of Peru. research 
is now condtueted under the 
circumstances of small grain 
producers, wlcrcas before the 
course such research was done in 
only one area of the counitry. 
FurLther Iraining of' researchers is 
needed so that they may in turn 
train tilei researchersnew entering 
tile program. 

Barley Workshop-A two-clay 
Andean lBarley Workshop was held 
in t3ogoti. Colombia. during June, 
1984. with the obJeclihe of 
stimulatling cooperation and 
increasing research coordination 
among Andcan barley brcc-cers. The 
host institutiou was Agrofoninto, 
and participants -alic from 
Colombia, Ecuador. Peru, Bolivia, 
Chilc (ClNIMMYT), and ICARDA. After 
prescntations oi tli- statius of barley 

illtheir respective 
coillitries. participan ts spent a clay 
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in 	tht, field at Agrofomento viewing 
breeding material and holding 
informal discussions. Final 
discussions on increasing 
cooperation produced two principal 
conclusions: to include F2 germ-
plasm in the Andean Barley VEOLA,
and to revive the Andean Barley 
Yield Trial (ERCA). 

Training in Mexico-Eight 
scientists from the region went to 
Mexico for in-service training in 
1984. Three studied breeding, four 
agronomy. and one station 
management. Three program 
scientists and two program directors 
from the region made brief visits to 
CIMMYT headquarters. 

Program vicits-Thic head of the 
Ecuadorian barley program and the 
head of the -rereals program at UNA, 
Peru, made CIMMYT-funded visits to 
the Chilean barley program to 
promote the exchange of gerniplasm
and ideas. 
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Table 1. Area seeded and yields of wheat and barley in the Andean 
region, 1984, and changes over 1979-84 

Area (1000 ha) Yield (t/ha) 
% Change % Change Pricea Imports

Crop 1984 1979-84 1984 1979-84 (US $/t) (1000 t) 

Wheat 
Bolivia 75 0 0.9 0 Fluctuating 300 
Colombia 39.8 29.6 1.74 27.0 270 540 
Ecuador 20.7 -32.0 1.21 17.0 184 360 
Peru 90 5.9 1.1 10.0 170 1000 

Barley 
Bolivia 100 0 0.7 0 
Colombia 21.4 -71.0 1.60 -14.5 
Ecuador 24.7 7.4 0.96 47.7 
Peru 120 -22.0 1.4 62.8 

Dubin. H.J. and R.W. Stubbs. 1984. 
Pucciniastriiforinisf. sp. hordei: 
Cause of yellow rust epidemic in 
South America. American 
Phytopathological Socict\y, 14 
August, 198-1. Guelph. Ontario. 

Dubin. H.J.. P.C. Wall. C. Cazco.
 
and A. Figueroa. 1984. Yield
 
loss5. in wheat attributable to
 
barley yellow dwarf virus in the 
Ecuadorian Ilighl,.nds. American 
Socicty of Agronomy, 26-30 
November, 1984. Las Vegas, 
Nevada. 

Wall, P.C., I .A. McMahon, and J.K. 
Ransom. 1984. Do semi-dwarf 
wheats require more nitrogen 
than traditional tall v'arieties? 
American Society of Agronomy, 
26-30 November. 1984. Las 
Vegas. Nevada. 

a 	 Price in December. 1984: does not 
necessarily reflect price paid in the 
1984 season 
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Southern Cone Region
 
M.M.Kohli and M.A. McMahon 

Introduction 
A satisfactory picture of wheat 
production in the Southern Cone 
region emerges from a comparison 
of the years 1980 and 1984 (Table 
1). In all countries except Brazil, 
increases in the aimount of land 
planted to wheat have been 
accompanied by higher yields per 
hectare. As a result of these gains in 
productivity, approximately 43% 
more wheat has been harvested in 
the last five years. 

Gains in wheat production during 
1984 alone exemplify the potential 
of the Southern Cone region for 
raising cereals production. Many 
factors played an important role in 
the 1984 increases. In Argentina, 
poor Incentives reduced the wheat 
area by approximately 15% during 
1983, but this reduction was more 
than compensated for by the high 
yields obtained under good growing 
conditions and by the use of 
nitrogen fertilizer on more than 
10% of the area. 

In Chile and Paraguay. favorable 
agricultural policies promoted 
increases in wheat pioduction and 
the amount of land under culti
vation. Paraguay would have 
become self-sufficient in wheat 
during 1984 if a serious frost had 
not killed one-third of the wheat 
crop.
 

Brazilian wheat farmers have been 
reducing the amount of land under 
production since 1970, when wheat
soybean rotations began on a large 
scale. The reasons for this decline 
are primarily the cost of production 
(high technology is required) and the 
cost of financing a good crop. 
According to an estimate by the 
Federation of Brazilian Wheat and 
Soya Cooperatives (FECOTRIGO), 
43% of the total cost of wheat 
production in the state of Rio 
Grande do Sul is the interest oi 
credits taken for the crop. This 
situation (lid not change inl 1984. 
Uruguay has maintained the same 
wheat area for some years. In the 
last few years farmers have 
increased productivity, partly 
because of good growing conditions 
and widespread acceptance of new 
varieties. 

Crop Status 

Argentina-Heavy rains affected 
much of Argentina's wheat-growing 
area. Wheat was seeded in most 
areas at the optimum time when soil 
moisture conditions were good, but 
seeding in the southern parts of 
Buenos Aires province had to be 
delayed by as much as two months, 
There was no water shortage in the 
Western Pampa region, where one-
third of the land devoted to wheat 
production is located. Fertilizer 
response (700,000 ha of land were 
fertilized with nitrogen) was 
apparent, more so in wheat planted 
after maize than in wheat planted 
after soybeans. Serious problems 
with weed control and widespread 
herbicide damage occurred in 
commercial fields. Increased stein 
rust and leaf blotch infection in 
commercial crops may require an 
aggressive campaign to introduce 
new resistant varieties, 

Brazil-Wheat production was fairly 
poor in Brazil in 1984. Many factors 
closely related to the cost of 
financing a wheat crop, which is a 
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large investment for most farmers, 
discouraged production. The wheat 
price, fixed at US$ 210.00/t at the 
beginning of the cycle, was appar
ently not sufficient to encourage the 
seeding of more land to wheat. Risk 
is a major factor of wheat 
production, and although the 
recommended technology is well
proven, it is costly. As a result, use 
of fertilizer is decreasing and soil 
preparation practices are de
teriorating further. 

Drought in northern Parand and 
severe frost In parts of Parand and 
Rio Grande do Sul also limited 
production in 1984. Other areas had 
fairly goG i moisture distribution and 
low disease pressure. 

Chile-Succrssful marketing of 
1983's wheat crop and the 
maintenance of agricultural policies 
favorable to local production 
encouraged farmers to seed 10% 
more land with wheat in 1984. The 
attractive local price, which is 
approximately 85% of the floor price 

BRAZIL 
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(US$ 237.00) for imported wheat, 
helped farmers use more improved, 
certified seed and fertilizers, 
Unfortunate!y, yield potential was 
reduced significantly because of 
moisture shortages, resulting in only 
a minor increase in wheat pro-
duction over the previous year. 

Considering the national average 
yield of 2.1 /ha, it is important to 
note that 98% of the 228 partici-
pants in tl,c National Production 
Contest harve'sted more than 4.0 
t/ha and that the highest reported 
figures reached 10 t/ha. These 
figures indicate potential yields that 
can be obtained with improved 
technology, 

Paraguay-In large part due to 
consistent government support, the 
amount of land under wheat 
cultivation in Paraguay has been 
increasing in the last five years, 
reaching 120,000 ha in 1984. Over 
90% of this area was fertilized with 
at least an 18-46-0 NPK formula, 
and some farmers applied another 
40 kg N/ha as top-dressing. 

Approximately 80% of the seeding 
was done during the recommended 
period. Because seed of the new 
varieties was unavailable, about 
80% of the area was seeded to 
lt',pua I (60%-65%) and 281/60 
(15%-20%,. Cordillera-3 (Veers, 
No.3). a new high-yielding variety, 
covered approximalely 8,000 ha in 
1984, and the amount of land 
seeded to this variety should 
increase dramatically in Ihe fulure. 

The whcat harvest was predicted to 
meet national demand (180,000 t), 
but a severe frost dUring the grain-
filling period killed about 30% of the 
crop. Despite this misfortune, some 
farmers harvested as much as 4.3 
t/ha (almost three tintes the national 
average), and a new record lbr 
national wheat production 
(140,000 t0 was set in 1984. 

Uruguay-Early rains allowed only 
10% of the farmers to seed wheat in 
May. Most farmers seeded in mid-
July, soon after the rains, and the 
crop suffered a little from a lack of 
moisture. Slightly higher than 

normal temperatures brought severe 
infections of leaf rust and scab. Leaf 
blotch infection was moderate to 
high and stem rust, which came 
rather late, also reached moderate 
levels. Overall. it was an excellent 
year for disease screening, but 
thanks to the spread of new 
varieties (E. Hornero on 50% of the 
land), farmers did not suffer the 
hwavy discas, damage that was 
anticipated. 

Many commercial crops looked 
excellent, with yields of approxi
mately 3 t/ha. However, an 
increasing number of fields had poor 
weed control and this is lowering 
the national average yield. 

Germplasm Development 
Bread wheat-Climatic conditions 
allowed good crop development 
throughout most of the region. 
Several advanced lines, compared 
with the commercially grown check 
varieties, were identified for superior 
yield potential. 

Dr. M. McMahon (far left), CIMMYT scientist based in the Southern Cone region, with (left to right) Dr. J. Dubin, Dr. N.
Borlaug, and two national program researchers. 
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Tremperatures over 30'C during the 
early growth period severely afftedcl 
the wheat crop in parts or l'arank 
Brazil. However. based on crop 
establishment, tillcring -acaeity 
and delayed ioltiation ofmS etn 
elongation. valuable newi gertnplasm 
that may be better suitecdIto il 

The amount of land on which 
dlurt wheat is cultivaled continues 
to decrease in A :gentina. Even the 
1982 release of the new viuriety, 
Buc-k Candisur, has not been able to 
reverse this trend. "1" some exlent, 
tle prollem is related to the seed 
quality of the durunis grown and to 

tropical wheat r(gions was ilentificd cioarket ll,'eds. Serious efforts 
(Table 21. The plerforaiee of this 
material was equal to or beticir than 
such hcaii y adapat ed varieties as 
Anahuac, C(eoraCll( . alld Mal ilga. 
In northern Pnrani. where drought 
was very severe (over 80 dry days 
after crop emergtcne, il a I10-day 
croI cycle), the lilues listed in Talhbl 
3 aipp; tl clrom iSilig. 

Further south1 ill the stale Of Rio 
Grande do Sul, Brazil. where newer 
germplasm (leveloped throrgh the 
shuttle breeding progtnrn is giving 
good resulf saa uipi of advanced 
lines was selected for aluilllltitllm 
iolerance iTable 4). Additional 
gernplasm was valnatled for 
adapttion and yield potential 
th-o'.ighotI the region; tili Veery 
selec:tions genmally slhcwed superb 
performance at most locations. 
Advanced lines selected from the 
17th IBWSN for wid adapitin 
thloughout the region arc preslntel 
in Table 5. 

Durum wheat-A guar;nteed pice 
that wts 125% highcr than that for 
bread wheat, combined withl 
purchase agrermelsts by tillers. 
encouraged Cillean farmcrs to 
inerease the arnIon.i of land unch-i 
durum whe it cultivalion. The 
national produoct ion of apprxi-
mately 29,000 in 198, 
nevertheless mt only 30% of tih 
total dcmandl, rd production is 
lilely to go up in 1985. Becaulse of 
this interest in the crop. the 
National Wheat Prograrn released 
two new varieties Arotno INTA and 
Chagual INIA. to suppleent the 
urrent cominercial varietic-s, 

Quilafe and SNA-3. I)urluu yie-ds 
in the central valley of Chile 
averaged appr)xirnlaely 5 ;ha. arid 
sometarmers harvestcd over 8 u/n. 
(onside lng lhcs.: yield levels. Chilie 
should be self-sufficient in durum 
wheat plrolUdI[to iif appiroxinately 
20,000 ha of land are seeded. 
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at ting directed at developing 
high-yielding varieties with large 
'ilr-IlS kernels. Gerrlplasm] fronil 

(INIMYT is regarded as a solulrc of 
variability for high yield and disease 
tasistmee. A gnup of promising 
lilnes selccld rotn the I 5t1 IDSN is 
prescntd ill 'able 6. 

Triticale-OHcial sulpl)or: of 
triticale c-ultivt ion in lBrazil 
encounraged farners to seed 
approximately 1500 ha in 1984. 
Most of this land was in the stale of 
[,o Crandc do SuL. and was seeded 
to IwI) varicties, lPFT 766 and TCEIP 
77138. A severe frost during the 
heading period emlphasized the 
probleta of early heading ini these 
vaeritics and t he reccmnendation 
thal they should be seeded later. 
Later mnat uring gerlnplasn with 
Moigh test w(ights lust be identified 
for lnormal sec-ding leriols. Those 
larmers whose (-rolps did not suffer 
frmifrost liarvested as ic ats 3.,5 
tl/ia. 

Most triticale gernplasto does not 
hove serious disease problems before 
htlding. After heading, it is 
s isceptible to several diseases 
c pecially slab. glume M)O.ch, and 
spot blotch. Ir'-iliat-vest sprouting 
and low test weight remain thc most 
important factors limiting triticale 
producion, but nc-er germplasn 
sclecled from the 15th ITSN 
provides additional variability for 
tMest- chara-ters (Table 7). 

Southern Cone Advanced Lines 
Nursery (LACOS)-The t h ILACOS 
was ornnized under the ausl)ie-s (f 
the Intc-anl-rican Istilute of 
Agrif-ultUral Sc-iences (IICA) (Cmno 
Sti-/Ieratnenr l)evelopment 
Barr (1 II)) prci, ran -iad 

-oordinatccd by lic INIA-CIMMYT 
wheal programi i Chile. The 
nursery consisledcf the ilost 
alIvani'-ed 308 entries from IS 

wheal-rc-inW stat it:s in the 

region. The objective of the nursery 
is to speed the wide exchange of 
advanced local germplasm. Forty 
sets of' the 4 th LACOS were 
(list ributed to cooperators with in 
nll outside of the region. The most 

significant aspect of the n ursery is 
hat approximately 75% of the 

advanced lines entering the trial are 
products of local breeding programs. 
This is an important differette 

tster the LACOS and other 
interlational nurseries. Results of 
the 2 nd LACOS have been published 
ard those of 3rd LACOS are being 
analyzed. There is a strong indi
cation that national research 
prograls are uslng LACOS 
ualrials more ach year for their 
disease resistance and adaptation 
recltlitelc lit s. 

New Releases 
A list of wheat varieties released iii 
tlie region luring 1984 is given in 
Table 8. 

Disease Screening 
The mlost serious aspect(If disease
 
screening in 1984 was inereased
 
1itoin rutm itlction iii At-gentina.
 

Thu new raice, which attacks
 
mnatcrial vith a Sonora 61 back

tOlld. built slowly the
)tip over 

])Ilm two years and finally app -red
 
oil a lrge scI]( ill ictmercial
 
fielIs. Th nmst widhely gtrown 
(-onuritc--ial \aricti's ari- stisceptible. 
iticluding Marcs ,Juarez INTA. 
Victoria INTA. Kleinand -C]lama-o. 
Alhuthug confer Imptn mts 
generally kelpt the scvcrity of 
ilicilion ill ctoimercial fields low 
(+ 20S)1. -,nlc ficelds had much 
highur levels of infection (± 60S). 
This nm )e Ow at whichwell tIlit 

new r-sistant vari-ties mstIllconie
 
inito widespread use.
 

For tile first tillle.. Ith c-1ill ist gelle 
Sr 27 hrnn VRT 28.5 showid a 
,tOMS-S rcalit ii, iii Chill. E'uven thonugh 
sic-il rus itlfc-thillS ]ia\'( raveclv been 
sti-nllns in (hil- (except lor a small 
ala ill tIn- nlI I). this IIeV slisccpli
tiliy rlliav Illd It) tle liitolrlcl 
closelv (ivr Ihc il(lXi ew years. 

Leaf rust inf((ti-i io was moilerate to 
severc over tle c'111i'c region, and 
Ihls good se'-c-ning oicittots 

prteailed. 



Early heat and humidity in parts of 
Brazil favored the development of 
spot blotch (Helminthosporium 
sativurn). The advanced lines listed 
in Table 9 showed a moderate 
degree of resistance to this disease. 

The climate was also favorable for 
septoria leaf blotch (Seploriatrilici) 
infection, which was severe at 
se eral locations. The outstanding 
selections for resistance to S. tritici 
in the reg cn are presented in Table 
10. Severe glume blotch infection (S.
nodorurm) was observed in Passo 
Fundo, Brazil, where none of the 
materials included in tile Inter-
national Septoria Observation 
Nursery (ISEPTON) showed any 
resistance. It is urgent that good 
sources of resistance to glume 
blotch be identified, especially for 

the warmer wheat regions. 


Ing. Martha Diaz, Uruguay, has 
quite successfully employed artificial 
inoculation to identify scab-resistant 
gcrmplasm in tile field. Her results 
confirm tile low susccptibility of La 
Paz INTA, Las Rosas INTA, and the 
following two advanced lines: 

Nad//Bb/hlia 

CM 7161-9M-1Y-8M-2Y-OY 
F3.7 l/Trm 

SWM 5704-IOY-1M-3Y-3M-3Y
0B-1PTZ-OY
 

Bacterial leaf blight (Pscudomonas 

syringe) has been on the increase in
 
Argentina. especially in the
 
Pergarnino area. Severe bacterial 
infection (Xanthomonas campestris) 
in durum whcats was also observed 
in the Southern parts of Buenos 
Aires province. Lines from the 17th 
IBWSN selected at Pergamino for 
low levels of bacterial leaf blight are 
listed in Table 11. 

Although an increase in the aphid 
population in Chile early in the 
season forced many larmners to use 
insecticide for tile first time in 
several years, the aphids, which are 
a vector of barley yellow dwarf virus 
(BYl)V). did not cause a high levelof 
BYDV infection in commercial fields. 

Agronomy 
This section presents reports on 
agronomic work in two countries of 

the Southern Cone region - Chile 
and Argentina. In Chile, research on 
weed control, nitrogen and 
phosphorus was conducted to 
determine appropriate recommen-
dations for wheat farmers, and a 
wheat-pasture rotation using 
naturalized Mcdicago spp. was 
evaluated as well. Trials in 
Argentina measured the response of 
wheat to nitrogen and phosphorus, 
and demonstration plots were 
established to extend research 
results and support Argentina's
fertilizer campaign. The effect of 
repeated phosphorus applications on 
the availability of phosphorus to the 
wheat crop was studied, as was the 
performance of early and late sown 
varieties. 

Chile 
Most of Chile's wheat is produced 
under rainfed conditions in such 
areas as the Secano Interior, which 
is located on the east side of the 
coastal mountain range and receives 
no maritime influence. Longitu-
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Figure 1. Secano Interior, Chile. 

dinally, the Secano Interior lies 
between the Fifth and Eighth 
Regions of the country (Figure 1). 
Although much wheat was once 
grown in the area, lack of adequate 
technology has reduced wheat 
production and the region is now 
considered depressed. The research 
sunmmarized here was conducted in 
the Seventh and Eighth Regions of 
Chile, and the data, with slight 
modifictions, call be extrapolated to 
the rest of the Secano Interior. 

In the Seventh and Eighth Regions, 
158,855 ha are suitable for wheat 
production; this amounts to 15% of 
the total area of the Secano Interior 
(Table 12). The coldest months are 
June and July, with average tern
peratures of 80-9 0C and occasional 
frosts: the hottest months have 
average temperatures of 20"-21 'C. 
Seventy to eight,' percent of total 
rainfall occurs between May and 
August. The dry period extends 
from October through April. and soil 
moisture reserves are inadequate for 
plant growth (Figure 2). 
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The soils, derived from granite, was not used. Of the farmers Set priorities within the 
range from slightly sloping to slopes interviewed, 65% had never used technological package and 
of more than 20%. The topsoils are herbicide, and the rest applied it determine the interactions 
sandy clay loam, and the subsoils late, when the weeds were in flower. involved; and, 
are sandy clay. Because the land 
has been cultivated and subjec#ed to Seventy-five percent of the farmers If the potential yield was 
poor management for generations, it surveyed produced enough wheat to satisfactory, to determine the 
is generally highly eroded and soil meet their own consumption needs, technological package for 
fertility has been lost. Soil analysis but the remainder had to buy extension to the farmer. 
done by INIA-Quilamapu shows wheat. Seed grain from the previous
N0 3 -N levels ranging from 2 to 8 harvest was usually kept or ex- Each factor was applied at the check 
ppm, phosphorus levels (Bray 1 changed with neighbors. level and at the level recommended 
method) from 3 to 5 ppm. and for maximum yields. Trial results 
exchangeable potassium from 40 to Production trials-Trials were are shown in Figure 3, in which two 
120 ppm. Organic matter fluctuates conducted in farmers' fields to varieties are compared. At the check 
between 1% and 3%. depending on determine which technological level (0 nitrogen and phosphorus
the intensity of the cropping, and factors limiled yields. The factors applied), there was a difference of 
pH is gcnerallv in the range of 5.8 to examined were weed control. 500 kg/ha between the varieties, and 
6.0. nitrogen, and phosphorus: other when nitrogen and phosphorus were 

factors, including soil preparation, applied, there was a 220% difference 
Current wheat yields vary from 500 variety, and date and method of in favor of the improved variety. 
to 700 kg/ha: the higher yields are sowing, were managed by the 
usually obtained when spring farmer. The objectives of these trials Varieties-Tale 13 compares the 
rainfall is high. This low level of were to: performance of three varieties over 
productivity was the stimulus to two years, and confirms the avail
start a production research program a Determine the maximum yield ability of high-yiclding varieties 
in farmers' fields in 1981. potential: adapted to the Secano Interior. 

Although the 1983-84 crop cycle
Farm survey-A preliminary farm * Determine the gap between was dry. and 1984-85 \was wet, in 
survey was done in 1981 to gather actual and potential yields: both cycles the improved varieties 
information about wheat production were superior. The early n aturing
in the region. Most wheat was ° Determine the contribution of variety. Onda. was best in the dry 
grown under a sharecropping each technological factor to year, whereas the intermediate 
system in plots of 3 ha or less, and potential yield: maturing variety. Lucero, was 
all power for land preparation and superior in the wet year.
sowing was supplied by horses and 
bullocks. Planting started after the 
rains in May: sowing at a later date Rainfall 
was impossible becaue soils be- 300
came saturated. Because seed was Evaporation 
sown broadcast qnd covered with a Moisture Deficit 
plow, it was dihributed at uneven Frost Free Period 
depths. The seeding rate varied from 
110 to 140 kg/ha. Farmers used E . Maximum Temp. , 
treated seed, but they never used E 200- Average Temp. ,certified seed and only 15% selected 
their seed. Furthermore, they were Absolute 
not aware of new varieties released Minimum 
by experiment stations and about0 0 
93% of the a. ..:-rs interviewed used -30 
varieties taat matvred too late for 100
conditions in the region. .' . -20 

Fifty-three percent of the farmers ...... 
did not apply fertilizer, and the -10 
remainder applied nitrogen only at 
tillering and in very small quantities - 0 
(less than 20 kg N/ha). Phosphorus -_-_....._--_--_ _ _ _ _ _ 0 

J A S 0 N D J F M A M J 

Figure 2. Clirrodiagram, Cauquenes, Chile (25 years). 
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Fertilizer response-The response 
to fertilizer on soils in this part of 
the Secano Interior is shown in 
Table 14. There was a good 
response to nitrogen alone: an 
application of 120 kg N/ha gave a 
yield of 5130 kg/ha. The response to 
phosphorus alone was not 
significant, but a very strong 
nitrogen x phosphorus interaction 
was found: the maximum yield, 
6430 kg/ha, was obtained with an 
application of 120 kg N plus 30 kg 
P 2 0 5 . The efficiency of applied
phosphorus in these soils is quite 
high. and small quantities are 
enough to produce maxinmm yields, 
once nitrogen levels are sufficient, 
Research on potassium and sulfur 
responses continues, 

Weed control-When traditional 
methods of wheat cultivation are 
used, weeds are not a problem 

5860/0 

40-

because the fallow period is long 
and soil fertility is naturally low, 
Once fertilizer is applied, weeds 
compete more strongly with the 
crop. Broadleaf weeds - mainly 
Cruciferac, Leguminosac, and 
Geraniacea - are the most 
important. and are usually 
controlled by MCPA plus dicamba 
on MCIPA plus cynazine. Grassy 
weeds (Arena,Lolium, and 
Htordcum slp.) are also lresent, but 
arc not numerous enough to reduce 
yields, 

Technology transfer-During the 
past few years, the program has 
encouraged the use of new varieties 
by giving the varieties to certain 
farmers for multiplication. Inl 
1984-85, eight farmers were selected 
to multiply seed and they obtained 
yields far above the average for the 
area (Table 15). Because of these 
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Figure 3. Yield of two varieties, Milquinientos (unimproved) and Lucero (improved), at 
different levels of inputs, San ,\Jicolds, Chile, 1982-83. 

efforts, new varieties have come to 
predominate in the area over tile 
past five years. 

Attendance at field days by farmers, 
technical prsonnel, and govern
ment officials has also increased. 
Although field days attracted only 9 
persons in 1981, the total for 1984 
was 159. 

Wheat-medicago system-Because 
of the low productivity of the 
present 3ystem of wheat-native 
pasture rotation (Table 16), a wheat
pasture rotation using naturalized 
Medicago spp. has been proposed. 
There are at least two naturalized 
Medicago species in Chile: Medieago 
hispida Gacrtn and Medicago 
polimorpha, which arc found on the 
coastal terrace from Quintero to 
Chanco and in the Fifth to tile 
Eighth Regions of the Secano 
Interior. 

In 1983-84, an experiment to 
measure the production of a wheat
medicago system was initiated. A 
medicago pasture degraded by grass
species because of the nitrogen 
fixation of the Medicago spp. was 
selected for the experiment. Illthe 
first year (1983-84). wheat (cv. 
Lueero) sown after the Medicago 

yielded 3500 kg/ha. Thedegraded pasture, fertilized with 30 

kg P205. produced far more dry 
matter than the best natural or 
artificial pastures recommended for 
the area (Table 17). In 1984-85, 
w\,heat (cv. Onda) yielded 4500kg/ha, and the renewed medicago 

pasture. one year after having been 
sown to wheat, yielded 5500 kg/hadry matter (Table 17). Tile most 
interesting part of these trials was 

recuperation of the medicago 
pastvre alter wheat; alnost all 
weeds were eliminated. 

Fertilizer response-Six years ago. 
a network of trials was started at 
INTA's Pergamino station to 
measure the response of wheat to 
nitrogen and phosphorus; tits work 
is described in the CIMMYT Report 
on Wheat Inprovenient. 1983. As a
result of research at Pergamino and 

111 



other stations, the government 
launched a 1ertilizer progran to 
promote the use of fertilizer ,ith 
wheat crop, INTA-Pe:-gamino has 
given str ,g research and extension 
sujppor, ,this program over the 
past )'' Trials were carried oul at 
four site. ; representative of tile 
wheat ari.which in this zone 
ainou nts to onin: million beet ares. 
These trials gave the samllie rt-sults as 
in former years. and fertilizer 
recoinmendations wec not lailgeld 
(Table 18). 

As part of INTA's extension eflorts, 
demonstration plots were planlted in 
\'ariotus lbeat ics. hIl fonlat ion was 
received froir 43 sit(s: soil analysis 
\as done at each site prior to so\,-
ing. Using this paranirier, along 
with other agronomr ic criteria, it \wis 
possible to make a If'rtilizer 
recommendation for cvery site. Soil 
phosphorus valuies 11lrav I)at 820,, 
of the sites were lower than th( 
critical level of 1:3 ppm. a rid 52% 
were 	below 8 ppn. 

Ilie average yield of check plols was 
2273 kg/ha, whereas plots wil i the 
rectoniniciled fertilizer level gave an 
average yield of 3025 kg/ha. Thiese 
results indicate an average response 
of 752 kg/ha or an efficit-ie'y level of 
12.3 kg wheal for ever kilogram of 
fertilizer applied. 

This research ard ex tensiotn work, 
_,m bined with the ,governntc'ns 

redIction of tIre relative price of 
fertilizer, has had a positive effect on 
fertilizer use. Of 967,365 ha of lanild 
sown with wheat illthe area of Ill( 
INTA Pergainino station. :302.000 ha 
(32"' of ile area) were fertilized. 

Residual effect of phosphorus 
fertilization-Since many of the 
soils of Argentina's Pampa lumecda 
are deficient in phosphonrs. it is 
inporant to determinc phosplhorus 
avai lability to tire crop as affected by 
repeated applications of phosphoris 
fertilizer. To nrcastrc this cffect, a 
trial 	was starltcd iin1981 and now 
has 	 lolr Iniaill tr-eatrerlts: 

I = 	 4 years of phosphorus 

application (1981-84) 


112.
 

2 = 	 3 years of phosphorus 
application (1982-84) 

3 = 	2 years of l)losphorus 
a)plieation (1983-841 

4 = 	 1 year of phosphoris 

application (1984) 


Each main treatnent was sLil-
divided into thrce subtreat melts ot 
0. 30. and 60 kg P205/iha. 'lhe effect 
of these treatments on levels of 
available phosplhorus (Hray 1) in tie 
soil is shown iii Table 19: samples 

were taken after tihe 198- harvest, 


Illilloderalc dflicicnlt soils, 
a'ailable phoJsphoru-ts rose piicklv to 
desirable lc\eels. 'hese restits 
inldicate that intIris type of soil. 
phosphorus dcel'icierrey canllb e 

cliniinated easily, ad ilhal i 
srlifficicney level (an be iaintainrecd 
with sillallr surbsecllrent appli-
c'Iliorls. This rise; r(lh will be 
e'onlin ucd to dlcrrint longcr-trryl 
siratugies for feltilizaltioll. 

Fertilizer reponse-To support ihe 
national lrtilizcr t:inpaign. INTA-
\lircos Jiarez carried out varioiis 
demonstrations on fCrtilizer use. 
OiNlx' nintrogeI is rcormiieldecd iii 
this are'a, as plhosplrorns deficiencY 
lh:s[i)t b)ceilte(tccld, 

Illeaclh delrmonstratiron site, six 
varitirs were sOi l with two levels 
of' lcrtilizer (che k or zcro level, and 
t lrcrcoinniendcd level for each 
site). Each plot neasuired 100 litx 
15 ili. Tile ldenonsiration was 
eflective and the respornse over all 
sites i'er~igecd 12.3 kg/ha of yield 
rcspolise for every kilograi off 
riUtrien t nitrogen applied. 

On-farm tests of varieties and 
advanced lines-At INTA-Marcos 
Juiarez, aldvanced lines ar- test(,(l in 
large plots in fIariners' fields ir 
differert ecological zones bet(ire 
release. In 1984. two trials of tiis 
kind \vcre condicietcd. The first wa.., 
pllanted illa Casilda su'rics soil, 
w'hieh is characterized by aI pro
noincd lit iorizonr and lonid ill 
Il(welter area. I'lre scond trial 
was fiuthe drier ari'a o a Marceos 
Jtlar-ez series soil t]hat had a 
modrat2 lithorizon.
 

The trials included two varieties and 
three advanced lines of intermediate 
wheats (sown in June), and three 
varieties and live advanced lines of 
late \wheats (sown illJuly). Each 
variety was tested ai 0 and 100 kg 
N/ha. Tie exl)erimental design was 
a split plot with three replications: 
the Inain plot w\'s sown with tlhe 
variety aind tiltsubplot \'as 
lcrtilizcd. ''he size of each subplot 
was 	3 in) x 40 iln. 

Results arc presented in Tables 2,O 
and 	2 1.At tile Mareos Juarez site. 
there were no dilferenees amiong the 
materials sown early. Am(ong the 
late 	sown materials. LAJ 2532. a 
new 	line that will be released as the 
Vilriety Don Ernesto. was by far the 
highest yielding lint. The fertilizer x 
variety irteraction was only 

significant for LAJ 25 14. At Ithe 
asilla site, very significant 

differences were foumnld among early 
sown varieties. and the best yielding 
line was LAJ 2484. lhere were also 
significalt difter-lreeS within the late 
sown group. and its at tile Marcos 
Juarcz site, line LAJ 2532 was 
superior. At both sites, early sown 
varieties and lines x'ere superior to 
those sown laiter. 

Training, Seminars, 
and Workshops 
Six visiting scientists and one 
pathology trainee visited Mexico to 
participatc in bilateral actlivities or 
exchange programs. These visits are 
always helpftl nott only bceautso 
the develop closer tils aIOng 
personnel froii dil'crent institutions. 
bti also because they provide a 
btter rndlerstanding of' til'region's 
nrclt seriols problemls. 

CIMMY'l' assisted and participated iii 
tlie organization of a wheat seminar 
at tire Carillan-a Experiment Stat!on 
of' INIA ill('ile,. Ile scin iuar. 
organized to celebrat e t l tvent v
fifthi anniv(,rsalry t ie station. dealt 
with several aspects of Chilear 
whal research and produoction. 



Table 1. Changes in wheat production in the Southern Cone region,
1980-84 

Area Yield Production 
(1000 ha) (kg/ha) (1000 t)

Country 1980 1984 1980 1984 1980 1984 

Argen Iima 5023 (3120 1519 2 110 7780 13.200 
Brazil " ',22 1736 865 105.1 2702 1830 
Chih' 	 .132 509 1587 2063 686 1050 
P1aralgtv .17 120a 915 1165a ,13 1.10 
Uruguav 227 270 1319 166(7 307 -150 

'l'lal 8.851 8.918 	 11,518 1(6.-.1( 

Table 2. Germplasm selected for heat tolerance, Brazil, 1984 

I.ira 	's 
.NI13903-1[-IV- INM.OYI NI-3.2M. 1\-

I.ira 	'S' 

N'Mt3903-I11-2V- IMI-(3V-2 NI- IY-V-INSY'(*( ',()' 


('M-I 	I lt)5-A- Ip3,M- lV-\1 1V-()-I)-01 
* 	 FIn-:\u x ,\lni 


SkV1-t57,8-56N.V-3,M. 1\-t)\ 

* Iloh-tAe x Alia 

S\\VNI578-5(i:,-- M-3N1.Y" 

* 	 Finh-Ac( x ,\ma 

S\VM't578-56N1-3V-3,-tY 


* 	 Jlul)-	 y 
'M39,.92-8M-TY-OM 

* 	 IKci 'S' 

N'21335 I-(IY-I-lY-B
t I-3M-


Car 853-('o 75 x \tc 'S'
 
(MI 7556-EE-I NI- 1Y-2N- 1 '-0Y-3IrIZ-OY
 

Nit-s - C''
 
SWM4 127- 1 I--.I'-2M-I -OM
 

F 12.71 -(t()w,
 
SWM578-- M
7) 1M-5Y-1M-'I-Ol'
 

K\'Z - Tril
 
S\VN'3879-HV- 13Nl-3V- I M-OV
 

K\'z - K.150() L.A-

S\VO 176-3M- I '- ION'. I- I N-0)V-OITZ
 
\nl-P30 1
 
SWM.185-50)1-0I )-()1 M- I 1-501 V-501 NI
 

(llnt 'S
 
(?MNI3()90-N- I NI- I1Y-()M-59V-()It. 11rI'Z-O'f 

,ilp-Zp N (' ,
('M3761I-I-I]- I-.IV-.I - 1Y-ONI 

I'F 7035-1 -AhI 'S'
 
(M-t17()i1-1 NI-I V-I I.-703V-1 I.'-7()SY-3F-OV
 

EII ~-(' NT7> ,.Id 
II 19,8 I5 5-.t- N-iooIiq,- 1IV-0iT 

\'t-r\- No. :3 

(oloniqtlt
( ll ,k l-,:e;\t1tlil,.


Onlv 90.000 ha of wllat ir'vested(11c o frost dalliage: average v'ild 
was 	1555 g/ha
 

Table 3. Bread wheat lines *hat 
performed well under drout,'Ity
conditions in northern Paranfi, 
Brazil, 1984 

732-Iiii
S\VNI (.97(3-9'- I V-2Y-OY 

NS 732-I1imia 
S\ 6,976-9N'- I Y2Y-3'-OY 

hlat-Si- 'S' 
S\NI 7388-%1. IY-2Y- IV-OY

[Rmvl\Wa-t 7(67/,9]1.581).81 1 .53 

10.15.64110llIhit "S 
SWM 7651-8 I'-2Y-3V-OY 

Nor-Ymhj2 x "lirnt 
S\VM 7651 -4)l'-IY-2Y-3 '-O 

63. 189.((3.7- II \s 'S' x Fnry 
SWNI G739 -I(i-2Y- 1-IV'-2Y-OY 

x 
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Table 4. Best aluminum-tolerant lines from 2 nd Aluminum Screening 
Nursery (ALSN) in Cascavel, Passo Fundo, and Cruz Alta, Brazil, 
1984 

a R = Resistant, MR = Moderatll 
resistant, and MRR : Moderately Reaction to 
resistant to resistant Cross and pedigree aluminum 

toxicitya 

PF70354-Ald 'S' MR 
CM47090-1-IN1-1Y- 1F-703Y
IOF-705Y-2F-OY 

IF70354-Miis 'S' R
CM,17091-7Nl-I!Y-3"- 1Y-0Y 

IPF70354-Miis 'S' R 
CM4709 I-7M- 1Y-3F-2Y-OY 

iAS58 (Kal-lib x (.j'S'/Ald 'S') MR(CM5(U,61- 12Y-6I[:- 1 Y- I Y-8M-IY-OM' 

Maringa (H'irtc'k) R 

(IAS58-IAS55 x :\Id 'S'/Nng)AId *S'- R 
IAS58.103 x Aid 'S' 
(CM55517-1i-1F-70 1 Y- I F-707Y-2F-OY 

PF'70354-Ald'S" x h's 'S' R 
(M57597-( '-2Y- IY- M-OY 

[Mrig(Nad-Tor x P(.I10311 'S- R 
Mcs 'S')']at72195 2 -Zp *S x 
Aid 'S-E11 'S' 
CM576 I 6-A-3Y- I Y-I M-2Y-2M-4Y-ONI 

13nq*S'-CNT 8 x Aid 'S'-IAS58 R 
CMN158323-K- Y-2Y-OM-3Y-31.1-OY 

IThi'S' MRPR 
FI 1915-A-502- I Y-3I-702Y-4tF-OY 

Aid I-I31 MRR1.162 
I:I2298-- 1%-IY- IY- IM-4Y-OM 

Table 5. Advanced bread wheat lines from the 1 7 th International Bread Wheat Screening
Nursery (IBWSN) selected for wide regional adaptation 

Row Row 
no. Cross and pedigree no. Cross and pedigree 

12 Kea 'S' 29 Vee 'S' 
CM21 335-c-9Y-3M1- 1Y.1Y- 1Y-O- CM33027-- 15M-500Y-OM-78.3-OY 
2KE-OY 34 Chat 'S' 

13 Kea 'S' 
CM2 I335-C-9Y-3M- I -1 Y- 1Y-013- 35 

CM33090-N- IN1- IY-OM- 121 Y-013 
13ow 'S' 

6KE-OY CM33203-M-8M-8Y- 1M- 1Y
16 Ve 'S' 1M-OY- I PTZ-OY 

CM33027-F- IM-9Y-OM-97Y-Ofi 43 Snb "S' 
17 

21 

Vee No.8 
CM33027-F- 12M- IY- 1N- I Y- IMvi-OY 
Ve 'S" 

49 
CM34630-I)-5M-2Y- IM- I Y-2M-2Y-OM 

I31y 'S'-J up 
('M40035-6M-4Y-2M-1Y-2M iY-013 

22 
CN'M33027-F"- 12M- 1Y-6M-OY-8313-OY 

Vc 'S' 
77 (Tob x Cc-IPatof/lb-Gll)Nac 

CM49624- 14Y-5M- I Y- IY.2M-2Y-OM 

27 
CivI33027-F- 12M- I Y-12M- IY- 1M-OY 

Ve 'S* 
78 ln 'S'-ljy 'S' 

CM4964 I-9Y- IM- I Y. IY-OM 
CM33027-F- I5M-500Y-OM-7513-0Y 79 13in'S'-41jy 'S' 

28 Ve 'S' CM,1964 1-9Y- 1M-I Y-5Y-OM 
CM33027-F- 15M-500Y-OM-7613-OY 
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Table 5 (continued) 

Row 

no. Cross and pedigree 


106 iic 'S -Erni 'S' 
CM52324-22M- lY-2Y-2M-2Y- IM-OY 

110 Buc 'S'-Pvn 'S" 
CM52359-12M-2Y 213-2Y-1I-0Y 

111 Buc 'S'-Chre 'S' 
CM52421-26Y-3Y-3MvI- 1Y-IM-OY 

116 (IAS58-IAS55 x Jid 'S'/Mrng)Ald "S'
IAS58.103A x A.1d 'S' 
(',155517-B- 1F-701 Y- 1F-707Y- I F-OY 

150 Bow 'S'-'vn 
CM61830 13Y- 1M-2 -2M-5Y-OM 

188 Kea 'S'-llc 'S' 
CM6735-1-1Y-2M-3Y.OM 

203 Gen 81 

206 Seri 82 

Note: 	 Locations observed: 
Argentina: Parand, Marcos Juirez,Pergamino, Buck's Seed, Balcarce 

Brazil: Cruz Alta, Palotina, LondrinaChile: Santiago, Chilln.Temuco 
Paraguay: Capitin Miranda 

Uruguay: La Estanzuela 

Table 6. Promising lines selected from the 1 5 th International Durum 
Screening Nursery (IDSN) in Argentina and Chile, 1984 

Row 
no. Cross and pedigree 

1 Gull 'S' 
CM 14646-C- I Y- IM-1Y-4AU-OY 

17 Chto 'S' 
CDI 6913-13-2M-2Y-3M-4Y-OM 

25 Shwa 'S'-Gre 'S' 
CD23156-1 Y-IM-2Y- IY-2M-OY 

27 Care 'S' 
CD2483 1-E-3Y-5M- 1Y-OY 

33 Gfn-Aa 'S'x Gla 'S'-Pg 'S'/Boy 
CD2524 1-A-2Y-3M- IY-1Y-OM 

44 Shwa 'S'-Yav 'S' 
CD26406-3B-2Y-TY-0M-8Y-0B 

45 Shwa 'S'-Yav 'S' 

'S' 


CI)26406-3I3-2Y-7Y-OM-18Y-OB 
46 Shwa 'S'-Yav 'S" 

C)26406-3B-2Y-7Y.OM-24Y-OB 
47 Shxwa 'S'-Yav 'S' 

CD26406-3I3-2Y.5Y-OM- I Y-O3 
50 Sliwa 'S'-Yav 'S' 

CD26406-33-2Y-7Y-OM-16Y-013 
65 CII x Gta 'S'-Pg 'S' 

CD29069-1 Y-3Y- IM-IY-2M- IY-OM 
77 Dack 'S'-Rabi 'S'x Yav "S* 

CD34027-1 IY-3M-3Y- IM-OY 
78 Dack S'-Rabi 'S'x Rok S' 

CI)34028-2Y-2M-IY-IM-IY-OM 
87 (56.3-56.112 x Ch 67/Fg 'S')Ru 

CD34604-)- IY-2M- 1Y-OM 
'S' 


Row 
no. 

128 

131* 

132 

188 

189 

236 

237 

247 

286 

287 

288 

Cross and pedigree 

Ren 'S'-Gdov 2584 
CD388 14-9B- 1Y-2M-OY 

Yav 'S'-Sapi 'S' 
CD38909-813- 1 Y- 1M-OY 

Yav 'S'-Cndo 
CD38074-4M- IY-3M- IY-OIM 

R143-Ruff 'S'x Stil 'S' 
CD41500-A- IM-1 Y- IM-OY 

R143-Ruff 'S'x Stil 'S' 
CD41500-A- IM-IY-2M-OY 

(Shwa 'S'x Magh 72 'S'-Yav 
Rok 'S')Guil 'S' 

Note: 	 Locations observed:Argentina: ParanA.
Balcarce, Barrow 

Chile: La Pilatina 
Excellent vigor 

'S*/ 

CD44101-13-2Y-2M-1Y-OM 
[(Kif'S' x RSS-BB-1419/ 

Mexi 'S'-CPI)Waha 'S']Yav 'S' 
CD441 1O-A- 1Y-1 M- IY-OM 

Gediz 'S'-Bar 'S'/ 
Ege x Ruff 'S'-Fg 'S' 
CD44552-13- 1Y-1 M- 1Y-OM 

(J Jusran-Gll'S' x F3Tun/ 
Cr 'S'-;s 'S')Sti0'S'
 
CD39931-I 013-2Y-2M- 1Y-OM 
(JJusrarn-Gll 'S',NF31'un/ 

Cr 'S'-Gs 'S']S l S' 
C)39931-10B-2Y-3M.1Y-OM 

(JJusram-Gll 'S' x F3Tiun/ 
Cr 'S'-Gs 'S'}Sfil 'S' 
C(D39931-103-6Y- 1M-2Y-OM 
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Table 7. Promising lines selected from the 1 5 th International 
Triticale Screening Nursery (ITSN) in Brazil and Chile, 1984 

Row
 
observed: no. Cross and pedigree no. Cross and peligree
 
Brazil: Ilisso
 

Note: Locations Row 

F1tido. CRiz Alla. 1 Cananca 79 	 70 Itr 'S-M 2 A 2 
,.Londin 	 --- 650- 12M- 1Y-IlY-2M-1lY-IlM-Oy 

Chile: La Phiiua 2 Beagle 	 88* Oil 'S'-lic 'S* 
_____________________ 	 -51 80(3Y6"-2 M - 1Y-3M-OY 

*ExcIIcllt 'itl.or dm1 3 Caborca 79 8) * Oil 'S'-lm.'S' 
X-51 800-(GY-2,M-2Y- IM-0YgOold rOIOin.'ic IV)C 4* Chiva 'S' 	 93 IPinI 'S'-Ye'75 x MII)' 'S 

X-59862-3M-2Y- I 1-OY 
16 I3to 'S'-PItr 'S' 105 ()lo-BilIl I h-(in' x (Caburca 79 

X-49509-3Y-21 i M.2Y-2M-OY X-52650- I9Y- I M-3Y- I I-OY 
17 13to 'S'-hIr 'S' 109 Spud 'S'-I'vii7fi 

X-49509-6Y- IY-2M- IY-2M-OY X-5.I 2(i-7Y- I NI- I Y- IN-OY 
23 Itr 'S'x CmI-1FSl377/IA x Cio-FS658 121 II3tl *S'-Nat 'S.* 

X-51038-D--1Y-3Y-5M- IY-I M-0Y --. 205-I '-500H1--Y 
24 Pltr 'S'x CmI-FS 1:377/IA x Cio-FS 58 122 l'):)x I'tI)l)y-lgi , 

X-51038-D-4Y-3Y-5M- 1 Y-3M-0Y B-3361 -- 33 
29 Ir "S'-Gzl 'S'x Ild 'S'-Abe 'S' 135 Liiig 'S' 

X-6 1083-3M-2Y- IM-()Y X-8:'1208-I-5()OY- ()O1-503i3-503Y-OY 
37 Nm 'S'-II"'r'x NIal 'S'/ 159 Pltr 'S'x M2A-INA/\'N 'S'x IlA-LCi 

Ling S' x NMsf "S-IRA X-53782-D-2Y-3M- IY-01 
X-63735-13- IY-2M-OY 16- .Nhila 'S' 

39 Nm 'S'-hIr 'S'x Iat 'S*/ X-I8330-31-2Y-2M.- IY-2M-0Y 
Limg'S' x Msf'S'-IRA 167* Mus 'S'(2) 
X-63735-F-3Y-3M-0Y 11-2670-7 190-0Y 

62 Echidnia 'S'x M2A-Za75 138 ZcI)hra79 
X-61039-6M- IY- 1 M-0Y 1-2672-7 19 1-0Y 

64 Ecllidna 'S'x Pd 'S'-Rmi 'S' 169 MIus 'S'-Iv\I 'S' 
X-6 1079-4M- 1Y- I N-0Y 11-23-725 I -OY 

Table 8. Wheat varieties released in the Southern Cone region, 1984 
* CIMMYT origini Variety or cross and pedigree 	 Institution 

Argentina 
Retiaeon INTA (IIAI' 878) INTA 
= Jar-Chr x Clo 67 
I 2 138- 1211- 1 21'- IP-OP 

lI'arupa INT,A (LAI'889) INTA 
::Jar-(hr x (i'-Jar 
I- 21:39-1 '-413-21)- 1P-OP 

* Cochico INTA MII'v' 9400/82) 	 INTA 
= Ktz NIMI2-1'ato (11}13Man-7C x Cdli 
CM 24 166-L-7M- IY-3Y-OYQ-01-1 13V 

* 	 Norkio I-ipc Northrup) 

= Cno-GIl x NI) 81-TzI)I) King 
CM 23166-5A-IG(;-IG-A-0G 

* Norkiii ('alutir 	 Nor hrIl) 

= Ji 	x ('o-Ij King 
CM 2 13.13-3A-2G-2G-0A-0G 
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Table 8 (continued) 

Variety or cross and pedigree 

Norkin Chirrinche 

= Era-Polk x Tob 

N 7568-9A- IG- IG-OA-OG
 

Norkin Lider 
= 'ob-13 Man x I1h/KII't 
MJ 1,483-141-6G-1G-I. 1G-IA-0P 

Klein Criollo 

= 1HNam x KI Puma 


Klein Salado 

= 1I Puma- 0 A x Cno 

* 0u1'lOmb1 
= C'n0 "S'-GII/Toh-1 Man x Bb 

1 

2 
Tzpp-Sn 64 x 1zplp-An 
CM 26339-!,:-4Y- 1Y-2Y- I NI- 15Y-3LD 

Brazil 
* Br 11 = Guarani (MS 7810) 

= 8156 x Tob - Cno 

* OCEPAR 7 = Ialiirn (10C 813) 

= Kea 'S'
 
CM 21335-C-9Y-3M- IY- IY- I Y-OB
 

* OCEP,'R 8 = Mactwo (OC812) 
IAS 64 - Aldan "S' 

CM 47207-6MJ-103 PIR-2T-OT 

* OCEPAR 9 = lIrdiz (0)C 8112) 

= IAS 58-.13), 'S'x B3nq 
CM -17971-A-4M- 105 IIR-2T-0T 

* OCEFAR 10 = Grca (O(' 8123) 

= IAC 5 - Aldmi 'S' 
CNI -46961-16M- 109 PR- IT-OT 

" 0CIAR I I Jur1iti ()U 8118) 
= IAC 5- Aldan 'S' 

CM 4t6.161-I (3M-113 I'R- IT-OT 

I S 1 -cnix (S8010) 

= IF 70100-.J 15157-69
 

R S 2 = Smta Maria (S8018) 

= S 45 - Kvz
 

R S 3 = Pidlncira (S 8020) 

S -15 - Kvz
 

R S, = l4hiraiaras (W 7924) 

= IA(' 5 - S 7G
 

CEIP 11 (CEIP 7778) 
= PF 69682-11adde.
 
1B11950-,1Z-IA-IA-OA 


Institution * CIIMYT origin 

Northrup
 
King
 

Northrup
 
King
 

Klein
 
Seeds
 

Klein
 

Seeds 

Buck 

Seeds 

EMBRAPA
 

OCEPAR 

OCEPAR
 

OCEPAR 

OCEPAR 

OCEPAR 

IPAGRO 

IPAGRO 

IIPAGRO 

IIIAGtO 

IFI'COTIIO 

(continued) 
117 



Table 8 (continued) 
CIMMYT origin Variety or cross and pedigree Institution 

Chile 
* 	 Sauce INIA INIA 

= Tanager 'S' 
CM 30617-2Y- 1M-7Y-3M- 1Y-OM 

* Chagmal INIA (Durutn) 	 INIA 
= 21563-Aa 'S'x Fg 'S'
 
CM 9799-126M-IM-5Y-OM
 

Aromo INIA (Durum) INIA 
= Stw 63-Gil x Aa 'S' 
A 13979-3P-2P-3P 

* Ovacioii INIA 	 INIA 
= Bobwhite 'S' 
CM 	33203-H-I 1M-5Y-0M 

* Cisne INIA 	 INIA 

= Kvz - Cj 71
 
SWM 1430-4Y-3Y-0M
 

Lautaro INIA (Q 1 - 81) INIA 
- Bezo 1 - NS 646 x Au = NS 2699 

Patagua INIA (H-1) INIA 
= (Pato Arg./Tzpp-Sn 64 x Nor) Leda 
T 6001 -T-T-1T-500H-500H 

Qulllay INIA (11-2) INIA 
= Az 67 - Leda 
T 5996-T-T-3T-500H-500H 

Canelo INIA (11-3) 	 INIA 
= 7 C - Rabe 
T 3044-1 T-4T- 12T-500H-500H 

Astro Baer Semilla 
= IIB 11418-KL. Tol x Baer 
Wcihenstephan-1138 
TI 115-B-614-GOR69/79 

Paraguay
 
Cordillera 4 INIA 

= Aepoglom - II 64-27 (MN72131) 
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Table 9. Advanced wheat lines that showed a moderate degree of 
resistance to Helminthosporium sativum, Brazil, 1984 

F12.71 -Coc 
SWM5784- 17Y- 1M-4Y-5M- 1Y-0B 

Sunbird 'S' 
CM34630-D-5M-2Y- 1M-2M-2Y-OM 

Kvz-K4500 La 4 
SWM 176-3M-i '-10Y-2Y-2M-OY-0PTZ-0Y 

Kvz-K4500 La 4 
SWM 176-3M-l Y- 10Y- I Y- INI-OY-OPTZ 

Chat 'S' 
CM33090-N- IM- 1Y-OM- 121 Y-01 

Kea 'S' 
CM21335-C-94-3M- I Y-IY-0I3 

F3.7 I-Trm 
SWM5704- I(Y-IM-3Y-3M-3Y-OB- 1PTZ-OY 

Bobwhite 'S' 
CM33203-K- 10M-7Y-3M-2Y- 1M-OY 

Bon-Yr/F35.70 x KaI-Bb 
CM41860-A-5Y-2Y-3M- IY- IM- IY-013 

Broadbill 'S' 
CM4338 1-D- 1Y-4M-f3Y-4M-3Y-OB-3M-OY 

Car 853-Coc x Ve 'S' 
CM47556-Q- 1M-2Y-6M-OY-2PTZ-OY 

Oreg Fl .158-FdI x Kal-l3h/Nor 
CMt47634-I-2M-3Y- 1M-2Y- 1 Y- 1M-0Y 

Orcg F 1. 158-Fid x Kal-13b/N ,-
CM,763,-1-2M-3Y- 1M-2Y- I Y-2M-OY 

Table 10. Leaf blotch resistant lines selected from the 1 4 th 
Internati nal Septoria Observation Nursery (ISEPTON) 

Row 
no. Cross and pedigree 


I Kvz-7C 
SWM-,1064-6Y-4M-3Y- 1 M- 1Y-3M-
OYf-OPTZ1-OY.OH'7-IPTZ 


6 Kkvz-K4500-IA4 
SWO- 176-3M- I Y-IOY-1Y-SM-OY-
OIPTZ-OY- I 'TZ 

23 Bow 'S' 

CM33202-K-9M-2Y- 1M- 1Y-
2M-OY - IPTZ 

25 3ow 'S' 

CM33203-K-9M-9Y-4M-4Y- IM-

OY- IPTZ
 

30 Snb 'S' 

CM34630-ID-5M-2Y- 1M- IY
0M-OP'Z
 

32 Snb 'S" 

CM34630-1)-5M-2Y-3M-3Y-0M-OMOPTZ 

74 F6.74-Bun "S'x Sis 'S' 
CM60042-M- I Y-2M-2Y- IM-OY- I 'TZ 

86 IAS20-H567.71 
CM1176.,180-13Y-513- IY- 113
1YI B-OY-OPTZ 

96 IAS20-1I567.71 x IAS20(5) 
CMH78A.544-7i- 1 Y- 11 1Y
I13-OY- IPTZ 

99 CMI174A.754-Icl Atr 2 

CMI179.23s6-2Y-513-2Y- 1 3-0Y- I 1PTZ 
106 h'lhornl
ird 'S' 

Fl 1915-A-502M- I Y- 1F-701Y
3 -OY-I1PT 

111 Kvz-K,1500.I.A. 

Averagea 
infection 

6/3 

6/4 

Note: Scores taken on 00/99 scale; 
average of eight locations(Marcos Juirez and 

Pergamino, Argentina; Cruz
Alta. Brazil; Chilln, Hidango,
and Santo Domingo, Chile; 

and La Estanzuela. Uruguay) 

6/4 

6/4 

7/3 

7/3 

6/4 

6/4 

7/4 

7/4 

7/4 

6/4 

119 

http:IAS20-1I567.71
http:IAS20-H567.71
http:Bon-Yr/F35.70


Table 11. Lines selected from the 1 7 th International Bread Wheat 
Screening Nursery (IBWSN) for low levels of bacterial leaf blight, 
Pergamino, Argentina, 1983 

Entry Entry
 
no. Cross and pedigree no. Cross and pedigree 

42 Suiibird 'S' III ltu' 'S"- Chrc 'S' 
CM3-1630-1)-5M-2Y- IM- I Y- I N I Y-M M('52,I2I-26Y-3Y-31- IY- IM-OY 

43 Stinl)ird 'S' 119 3ow 'S' - I'vC'M3-1630-I)-5 M-2Y- 1I I- I Y-2M-2Y-OM ('MB1830-I 3Y- IM-8Y-2M-,IY-OM 
•77 (Tob x ('e-l)at()/ll)-GIl)Na 150 How 'S' - [)%n 

'M962-1- I -4Y-5M- I Y- I \'-2N1-2Y-0I ("M6 1830- 13Y-I N-3Y-2N1-5Y-0M 

Table 12. Area (ha) classified according to use capacity in the 
seventh and eighth regions of Chile 

Source: Plan dc DsarrolloArpcu'.195180Area Percent 
Agropccuario. 1965-1980 Use capacity (ha) total 

II. III. IV 158.855 14.9-1 

V 599 0.06 
VI 192,895 18.14 
VII 682,267 64. 17 
VIII 28,580 2.69 

Total 1.063,196 100.00 

Table 13. Yield of old and new varieties, San Nicolas, Chile, 1983-84 
and 1984-85 

Maturity Yield (kg/ha) 
Variety class 1983-84 1984-85 

New 
Onda Earl' ,1640 520.t 
Iout' ro Interfl(-diat" 4050 5330 

Old 
Nli lciie nt()s IaII 3,450 3960 
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Table 14. Effect of nitrogen and phosphorous fertilizer on the yield 
of wheat (cv. Onda), San Nicolas, Chile, 1984-85 

N (kg/ha) Soil analysis: 
N = 17.4 p)pm

0 30 60 90 120 P = 7.3 ppm 
K20 = 205 ppmP 2 0 5 	 MIO = 2.2%

(kg/ha) 1)11 = 5.6 

0 	 2610 3540 5130 

15 	 3370 5110 

30 	 2470 4630 6430 

45 	 4340 5510
 

60 	 2710 5510 6100 

Table 15. Yield of seed multiplications, San Nicolas, Chile, 1984-85 

= 1.25 haYield Area 
Farmer Variety 	 (kg/ha) Fertilizer applied = 100-50Weed control = MCPA + Banvel D. 

E. Riff'o 	 Lucero 5900 
N. Fueiialbla 	 Luecro 5000 
A. Diaz 	 Lucero 4300 
V. Toro 	 Onda 3900 
J. F1uC'ntes 	 Onda 3800 
S. Sandoval 	 Lucero 3500 
I.. Lillo Oncla 3300 
L. RiquChle 	 Ondla 2800 

Table 16. Yield of different pastures, Secano Interior, Chile 

Yielda Yielda Source: 	 Contreras. D.. Caviedcs. 
E., and Ovalle. C.. hnlbrmewithout with Tecnico Area de Produceion 

fertilizer fertilizer Animal., E.E. giilanapt,
Pasture 	 (t/ha) Fertilization (t/ha) 

2 Average valtes over five years
Phalaris 2.1 50-75-50-S-13 3.0 (1979-83) 

Subterranean clover 2.0 32- 100-50-S-13 3.3 

IPhalaris + 
subterrancan clover + 2.9 32-100-50-S-t3 2.9 
ryegrass 

Silieessionial 	 0.9 90-75-0 1.8 

Nativc 	 1.4 50-75-0 2.4 
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Table 17. Yields of wheat and Medicago spp., Cauquenes, Chile, 
1983-84 and 1984-85 

Soil analysis (1983-84):N = 13.2 ppm 	 Yield
P = 12.0 ppm 	 Cycle and crop Cultivar (kg/ha) Fertilization 

K = 226.2 ppm 
MO = 1.6% 1983-84 
pH = 6.2 Wheat Lucero 3500 30-30-0 

Qu. 1475 3000 30-30-0 
a Dry matter 	 Medicago spp. Native 4000 DMa 0-30-0 

b First year after wheat 1984-85 
Wheat Onda 4500 30-30-0 

Millaleu 4000 30-30-0 
Medicago spp. b Native 5500 DM 0-30-0 

Table 18. Yields of wheat under different nitrogen and phosphorus 
treatments at four locations, Argentina, 1984 

Source: 	 National Institute of Treatments 
Agricultural Research (kgha) Yield (k/ha) 
and Extension (INTA). N La Chispa M. OcampoPergarnino P 2 0 5 	 Junin 9 de Julio 

0 0 2074 2773 3585 3204 
0 40 1971 2570 4449 3723 
0 80 1967 2774 4673 3951 

30 20 3032 4119 4608 3495 
30 60 3181 4259 4576 3736 
60 0 3123 4031 4253 3389 
60 40 3204 i406 4386 3717 
60 80 3254 4129 4496 3857 
90 20 3401 4448 4598 3605 
90 60 3423 4430 4631 3754 
120 0 3189 4178 4251 3613 
120 40 3405 4495 4592 3414 
120 80 3332 4537 4589 3556 
150 80 3559 4816 4570 3765 

CV% 	 5.41 3.68 5.92 5.66 

Table 19. Effects of dif~erent levels of applied phosphorus fertilizer 
on the level of available seil phosphorus, 9 de Julio (soil type 
Hapludoll), Argentina, 1984 

a Treatment 1 4 years fertilizer: Treatmenta 
2 = 3 years fertilizer: 1 2 3 4 
3 = 2 years fertilizer: 4 = I year Kg P 2 0 5 Total Total Total Total 
fertilizer 
Soil phosphorus levels 

applied 
per year 

P2 0 5 
applied 

P 
ppm 

P 2 0 5 
applied 

P 
ppm 

P 2 0 5 
applied 

P 
ppm 

P 2 C5 
applied 

P 
ppm 

determined 
I method 

by the Bray 
0 0 9.63 0 11.16 0 13.00 0 8.05 
30 120 20.63 90 21.10 60 18.80 30 18.30 
60 240 27.63 180 22.13 120 29.06 60 17.73 
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Table 20. Yield of varieties and advanced lines at 0 and 100 kg N/ha, National Institute of Agricultural
Research and Extension (INTA), Marcos Juarez (soil series Casilda), Argentina, 1984 

Date of sowing Varieties 
Nitrogen rate (kg/ha) 

100 x 
Statistical 

significance 

Intermediate 
Jtunc sowing 

Las Rosas INTA 
ChajuCfeo INTA 
LAJ 2514 

2026 
2056 
2320 

21 95 
2402 
2598 

2111 c 
2229 bc 
2459 b 

NS 
NS 
NS 

LAJ 2484 2640 2903 2772 a NS 
LAJ 2537 1987 2278 2132 c NS 

x 2206 2475 23-0 ** 

Late sowing Victoria INTA 1932 ab 2237 a 2084 ** 
July M. Juarez INTA 2070 ab 2333 a 2202 

Klein Rendidor 1958 ab 2085 ab 2023 NS 
LAJ 2532 2208 a 2305 a 2257 NS
LAJ 2522 1667 b 1708 ab 1687 NS 
Li\J 2519 2182 a 2250 a 2216 NS 
LAJ 2533 1903 ab 2235 a 2009 ** 
PAR 80/5134 2097 2000 n1ba 2048 NS 

x 2002 2144 2073 

CV = 4.81 % ** = Significait difference 1% NS = Not significant 

Table 21. Yield of varieties and advanced lines at 0 and 100 kg N/ha, National Institute of Agricultural
Research and Extension (INTA), Marcos Juarez (soil series Marcos Juarez), Argentina, 1984 

Nitrogen rate (kg/ha) StatisticalDate of sowing Varieties 0 100 x significance 

Intermediate LAJ 2484 3805 a 4167 a 3985 NS

June sowing LAJ 2537 3710 a 3487 3598a NS 

Las Rosa, INTA 3583 a 3570 a 3577 NS
Cliaquefio INTA 3187 a 3485 a 34186 NS 
LP j 2514 3138 a 3653 a 3396 ** 

x 3545 3672 3609
 

Late sowing LAJ 2532 3542 3540 3541 a 
July Victoria INTA 3153 3597 3375 a 

LAJ 2519 3083 3153 3118 ab 
PAR 80/5 1341 2903 3098 3000 ab 
LAJ 2533 2958 2890 2924 ab 
M. Juarcz INTA 2555 2963 2759 atb 
Klein Rcldidor 2567 2667 2617 b 
LAJ 2522 2223 2583 2403 1 

x 2873 3061 2967
 

CV = 6.9% * = Signiiill llat I% l'el NS = Not signific;o t 



North and West Africa 
and the Iberian Peninsula Region 
S. Fuentes F. 

Introduction 
C!MMYT s regional progran for 
North and West Africa and the 
Iberian Peninsula provid, s a link 
between national cereal tnrograns 
and the research and training utit.; 
at CIMMYT in Mexico. Regional -, iff 
visit wheat programs in Tunisia, 
Algeria, and Morocco t\'.ory *year. 
sometimes alter (hc wheat is 
planted, and always at the gil'gill-
[filling stage of the crop. I'he vheiat 
programs of Poi-tuigal (the pI-ogrill's 
host country) antd southern Spain 
are visited nmior than others in Itht 
region during tle croptping season. 

During 198:3-84, as in piuvious 
seasons. North African vttllher 
conditions wtre unfavorahl for pro-
ducing cereal crops. licavy rains 
delayed planting until Deceit-t 
and mid-January. and a stvtir 
drought from January to April 
hindered plant dcvelopimictl, 
reduced yitIds. and rcsult il in a 
poor harvest. Ini the plateaus of 
western Algeria. lt e frosts 
compotnded problems caused by 
drought, limiting production oi 
many commercial fields. Rains ntar 
harvest in Mor'occo cause-d grain to 
sprout in the Ii-ld. In the Iberian 
Peninsula, b-itl rainfall distribution 
was the dcecisive faclor c'ontribut ing 
to higher total production. 

Signifitcait gains it yield pt-r htectare 
were obtaind itt ,983-84 over teile 
previous season. Good agrOttonit 
practices and tlt- lise of high-
yielding c:ult i\ars also conitributedl to 
the increase il iroduction. The 
variety Anza coverd 530/ of the 
land under whe-at curb ivation iii 
Portugal. It tlc i)rovince of' 
Andalusia in Spain. Anza (along 

with Canieri, and Yct(ora) was grown 
o:i about 4120,000 ha (90% oft lilt' 
land planted to wheat). Additioual 
details of cer-cal I protluction itt 
Morocco, Portugal. aind Spain ar 
p~rovki~l(,l in "lf. 1. 

Germplasm Evaluation 
Leaf rust virulencit-Collalbor;atois 

santiplt-s of' I'u-einlii )icorttlht andI-'~~c-
the viriletm- of tIn- piathtogtent was 
allalyzed in tIt(-Lttelllollstu antd 

laboratory facilities of the National crops. D)iseasc screening at the 
Plant Breeding Station (EN MI) at ENMNIP in El'vas. Port ugal, is achieved 
Elvas. lPortugal (the collaboratiot of by sla\'ing fieli plots weekly wit h 
Agr. Ing. Maria 3 tlia GonaIves aid spores of 1 i(hrCt, rusts and 
Ifc pathology group at 'NMI' is ScIJpol'ia tritici to induce artificial 
graltfullx aknowledgedl. Scedlingls epidemics. At the end of April and 
of the iitterliationat set of 27 Lr- May, excellent pidtcillics of stripe 
isogenIli lincs wt-l' used in the I-tsf, rlust and seploria leaf blotch were 
ats well as 12 hexaploid litis teco('(lded il all scrccing nurseries. 
selected froti (C1MMYT's iintt-- laf and stctn rustl\'tloped to a 

orxsstcrnational nutrst-is foI )\ l extclit than tle other 
coifficients of iniflection. Ith sets f(0 diseases. Tabh 3 lists th( most 
iiaterils were obtained resistant gtllt t that also hadfront (y)ts 
CIMMYT paliologists in Mtxico. good l)lant tp)c; theset materials 
Thatcher ;ind Morocco \w'ere tised as wcre sekctd at Jerez ,tid Seville in 
slisetptiblt checks. Spain. 

AIllouhgl tle dlat a ohlaiid do inot Other diseases-Environmnlial 
represent a1t horoglht survey of' Iafl cotilitiols in North Aftrica were not 
rust ill each coulltil participating itt contducive to thetclvlotnt o1 
llte study, theyN. do r-flt--t liln- lfo1]ill diseases ill c'olttlcial crops. 
clatltristi-s of rust samples A tf- oot d as olst-rvtd it 
received at Elvas. Tht- exception to Tunisia ard attribitd to a soil fungi 
tIhis statlcncit is IPortugal. wlere colnlphex cotilosted p~rinarily of 
iiicrous samIl)hs wcrc lcollected Itsarinn and lhlninthosporiim) 
fronl ilost areas wltere wheat is spp. Barlev strilt,, caused by H1. 
grown. Individtal glents or the .rinineimn, was fo rd occasiotallv 
probable combination of gtntes for in older varieties iii Algeria and 
resist anice illtthe host, and Morocco: net blotch (I1. t-l'-s) was 
corresponding genes for viriletce in SC\VrC Ot suscepliblc haricys ill 

hItl ahogm, are given il Table 2. tx ptrillnital plols. 

In the Iberian Pieniinsula., h-al itd Hessian fly-I Icssian fly is a 
stetn rust wer sett during the tite probltm of increasing con-crn in 
growthi stages of tire coillercial Morocco. The inscct causes severe 

PORTUGAL 
SPAIN~
 

Lisbon 

MOROCCO i 'TUNISIA 
. 

ALGERIA 

LIBYA 

-~~~ 
. 
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stunting and prevents tillering in acceptable levels of disease international nurseries over the past
wheat. triticale, and barlhy. At resistance have been registered in :3-4 years include Veery 'S' (cross
research stations in Guil, the varietal catalogs of their CM33027) and the older crosses Kal-
MerchoucI, and Cidera, material is respective countrics, or are 131) and Y50E-Kal 3 (cross 35188).
being tested for sources of resistance candidates for release (Table 4). The durum wheats Yavaros 'S' 
and to asscs!; lie virulenct, of the (cross CM9799) and Shwa 'S' (cross
insect populations. Sonic of tht-se cultivars originated in CD20626) have given excellent 

local crosses. but most are local yields in southern Spain; Inia-ArmVarietal Situation selections of nmaterials distributed by 'S' is a promising triticale genotype.
Several advanced lines of bread CIMMYT through the international Lines selected from CIMMYT
wheat, durum wheat, and triticale nurseries program. Promising bread international screening nurseries for
with good yield potential and wheat lines listed frequently in the good agronomic characI'nristics and 

disease resistance are listed in-
Table 3. 

Training 
One of CIMMYT's most important
functions is to train research 
personnel from national cereal 
programs. National program 
scientists may participate in 4-7 
month training courses on different 
aspects of research, or they may 
make short visits to the research 
units at CIMMYT headquarters. In 
1984. two scientists from Morocco 
and Portugal completed the breeding 
training course in Mexico. 

Other scientists from national 
programs in the region attended a 
travelling workshop organized 
annually by regional staff to observe 
nurseries in different environments. 
In April 1984, 12 breeders and'4""A 	 pathologists from Tunisia, Morocco, 

,,,xSpain and Portugal visited 
experiment stations in Guich. 

', "Cidera, Merchouch, and Annonceur 
. ' '.in Morocco, and Carmona and 

Cordoba in Spain. They were 
accompanied by CIMMYT and 
ICARDA staff members. The trip 
provided an opportunity for 
personnel of different national and 

iK. 4i\I 	 international programs to assess 
wheat and barley genotypes in the 
field, as well as to exchange and 

1 1,; discuss ideas and experiences. 

Dr. S. Fuentes, CIMMYT scientist in the North and West Africa region. 
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Table 1. Wheat, barley, and triticale production in Morocco, 
Portugal, and Spain, 1983 and 1984 

a 	 Mostly bread wheat; about7%-I0% of the area was planted 1982-83 I183-84

7%0du theaat wArea 
 Production Yield ProductionArea 	 Yieldb 	 686tof certified seed distributed (1000 ha) (1000 t) (t/ha) (1000 ha) (1000 t) (t/ha) 

to farmers for planting. Morocco 
c 	 Estimated data for Cadiz Province Bread wheat 690 732 1.06 724 759 1.05 

only: no records of production Duruni whea 1.286 1,239 0.96 1.095 976 0.89 
available. Barley 2.151 1.228 0.57 2.078 1,!98 0.58 

Portugal
 
Wheat 331 327 0.98 309a 466 1.50 
Barley 88 54 0.61 81 91 1.12 
Triticalc 0. 7 b 

Spain 
Bread wheat 2,477 4.097 1.65 2.142 5,618 2.62 
Durum wheat 138 233 1.69 125 426 3.41 
Barley 3,634 6.570 i.81 3.944 10,695 2.71 
Trit icale 6C 

Table 2. Seedling reaction on Lr-isogenic lines and selected hexaploid wheats from CIMMYT's breeding 
progran to mono-uredial isolates of Puccinia recondita from various countries, ENMP, Elvas, 1984 

Country and no. Genes in the Lr-set CIMMYT bread wheatsa 
of isolates 2a 3 3Ka 17 19 20 24 1 2 3 4 5 6 7 8 9 

Portugal (88) F F + + + 	 F + F + + + + + 
Spain (19) + F + + + + + + + + + + + + + 
Italy (23) F + + + + + + + + + + + + + + 
Turkey (7) F - F + + F 4 + + 1 4 + + + + 
Saudi Arabia (14) F + + + - + + + + + + + 
Tanzania (25) + F F + + + F F F + + + + + 
Kenya (7) + + + + + + + + + + + + + 
Zimbabwe (6) + F + + + + + + + + + + + + 

Note: Effective genes indicated by (+), frequently effective genes by (F), and noneffective genes (overcome by the 
virulence of the pathogen) by (-). 

a 
1. (Tob-BMan x Bb/Cdl)Sx 	 CM8972-F-9M- 1 Y- I M-1Y-OM 
2. AnE-My74 x Ti7l 	 CM 15928-3M- IY-50OM-OY 
3. KtzM 12-UP 30]/BMan-7C x Cdl 	 CM24160-GG- 1M- 1Y- 1Y-I Y-3M-OY- I PTZ-OY 
4. Maya 'S'-Moncho 'S' 	 CM29251-3M- 17Y-1 M- 1Y-1B-OY 
5. Bobwhite 'S' 	 CM33203-K-9M-2Y- 1M- 1Y- 1M-OY 
6. Sunbird 'S' 	 CM34630-D-5M-2Y- 1M- 1Y-2M-2Y-OM 
7. Chiroca 'S'-Anahuac 'S' 	 CM40111-19M-500Y-50OM-502Y-500BOY 
8. HD2205-Alondra 'S' 	 CM40629-500M-500Y-505M-500Y-OM 
9. Clemcnt-Mo72 x Torim 73 	 CM43381-D-1Y-IM-3Y-OM 
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Table 3. Genotypes selected from two CIMMYT international
 
screening nurseries for good agronomic characteristics and high

resistance to the three rusts and Septoria tritici, Elvas, Portugal,
 
1985
 

Nursery and 

entry no. 
 Variety or cross and pedigree 

1 7 th IBWSNa 

13 Kea 'S' 


CM21335-C-9Y-3M- 1Y- 1Y- 1Y-OB-6KE-OY 

26** Veery 'S' 


CM33027-F- 15M-500Y-OM-66B-OY 

27"* Veery 'S' 


CM33027-F- 15M-500Y-OM-75B-OY
 
29" Veery 'S'
 

CM33027-F- I5M-500Y-OM-98B-OY
 
36 Bobwhite 'S'
 

CM33203-K- IOM-7Y-3M-2Y- 1M-OY
 
57 Fink 'S'
 

CM41560-A-5M-24-3M- 14-1M- IY-OB-OPTZ
 
65* Lira 'S'
 

CM43903-H-4Y. IM-1Y-3M-1Y-OB
 
96* PatIO-AId 'S' x Pat 72300/Pvn 'S'
 

CM49922-1M-2Y- IY- 1M-2Y-OM
 
980 PatiO-AId 'S' x Pat 72300/Pvn 'S'
 

CM49922- 1 M-2Y-2Y- IM- 1Y-OM
 
165 ND-Vg 9144 x Kal-Bb/Yaco 'S'
 

CM62661 -D- IM-1Y-3M-2Y-OM
 

1 5 th IDSNb 
41* Memo-Goo 'S' 

CD26136-1 M- IY- 1Y- 1 Y- 1M-OY 
43** Shwa 'S'-Yav 'S' 

CD26406- 1B- 1Y-2Y-OM-9Y-OB 
44* Shwa 'S'--Yav 'S' 

CD26406-3B-2Y-7YOM-8Y-OB 
51* Shwa 'S'-Yav 'S' 

CD26406-3B-2Y-7Y-OM-2 1Y-OB 
52* Shwa 'S'-Yav 'S' 

CD26406-3B-2Y-9Y-OM- I Y-OB 
73 Yel 'S'-Bar 'S' (Ovi 65-CP x Fg 'S'/ 

Ruff 'S'-Fg 'S') 
CD33857-1B-8Y-3M-1Y-3M-OY 

132" Yav 'S'-Cndo 
CD38974-4M-IY-3M-1Y-OM 

1460 Shwa 'S'-Ren 'S' x Yav 'S' 
CD40159-3B-4Y-2M-OY 

154 Bdv-Ru 'S' x Yav 'S' 
CD40500-C-2M-OY 

251 Nile 
ICD74117-1L-1AP-OAP 

(continued) 

a 	 International Bread Wheat 
Screening Nursery

b 	 International Durum Wheat 
Screening Nursery (material in 
this nursery also screened for 
resistance to barley yellow dwarf 
virus) 

* Good phenotype 
** Excellent phenotype 
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Table 3 (continued) 
C 	 International Triticale Screening 

Nursery Nursery and 
Good phenotype entry no. Variet,, or crcs!_ and pedigree
Excellent phenotype 1 5 th ITSNC 

45 Ptr 'S'/Rni 'S'-IRA x FS477 
x 48675-7Y-3Y-3M-IY-4M-0Y 

69** Bgl 'S'-MIA x MIsI-IA 
x 53641-A-502Y-504Y-500Y-500B.0y

87* 13sn 'S' x Cix-FS 658/IA-M2A 
x 50234-F-4Y-2Y-3M- 1Y-IM-OY 

106 Bsn 'S'- Maya 74 
x 58439-9Y-2M-2Y-3M-OY 

139 Tesmo 'S' 
x 39860-7Y- I M- I Y-3Y- I M- 1Y-OB 

130 Tesmo 'S' 
x 39860-7Y- 1M- 1Y-5Y- I M- IY-01B 

145 Dingo 'S' 
x 41047-A-IY-2M-1Y-1Y-2M-OY 

158" Pnd 'S'-Mpe 'S' x Gpr 'S'-Yak 'S' 
x 50408-B-5Y-2Y-IM-1Y-OB 
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Table 4. Bread wheat, durum wheat, and triticale cultivars that were either registered in the varietal 

catalog or candidates for varietal release in three countries in 1984 

Variety Cross and pedigree 

Bread wheat 

Caia Aztcca-Mmucalba 

Mira Y50E-al3 

35188-5M( F)-39Y-OM-2.M-ytgOY


Alnansor I F4870-C30xM53926S6.5/lihxCC-lnia 

CM22099
 

\Jouga Napo-Cdl x Zhz 

C M8935-I)-5 M-:3NY-3NM-2y-.M


Lnima 1 Veery No.3 :zKvz-l3uli 'S'x Kal--Lb 

CM33027-I.- 12M- IY-6M-OY
 

Jolida Kal-131) 


Mercliorch Nesma : CIMMYT line 

Durum wheat 

Cclta PIc S'-Rl'x Gm 'S'-Rt tt 
CM 17904-1-3- 1Y-OM


Nufo Yavaros 'S = Jo 'S'-Aa 'S'x g 'S' 

Fg 'S' 


CM9799 

Cazalla Mallard 'S' Mcxi 'S'xCh67-Jo 'S' 


Ch67-Jo 'S"
 
CDI 894-3Y- IY-OM- 113


Trebujena Shwa 'S'-a 5' 
CI)20626-SM-2Y- 1M-0Y 

Pelfaflor Rokcl 'S x Mcxi 'S'-Fg'S' 

CD 1895-12Y- IY-813-OY
 

Marzak E'12 = 13I 13 

Acsad 65 Stork "S'= Gdo VZ4t69/Jo 'S"x 

61.130-Lds
 
CM470
 

Triticale 

l3orl)a I ligl S' x M2A-Cin 
X 15673-A- 1Y-2Y- 1IM-OY
 

Avis Inia-Arm 'S' 

X 1648-9N-OM 

Tcnitldia Tigrc 'S'= M2 A-M IA 

X279,l7-22M- 1Y-OM
 

Status Country 

Registered Portugal 

Registered Portugal 

Candidate Portugal 

Candidatc Portu gal 

Candidate Poritugal 

Registered Morocco 

Registered Morocco 

Candidate Portugal 

Approved Spain 
and 
released 

Candidate Spain 

Candidate Spain 

Candidate Spain 

Rcgistei-cd Morocco 

Registcred Morocco 

Candidate Portugal 

Candidate Portugal 

Candidate Spain 
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Eastern, Central, and
 
Southern Africa Region
 
E. Torres and D. Danial 

Introduction are planted at Ngorengore and 
The aim of CIMMYT's regional screened for earliness, whereas 
wheat program in Eastern, Central, almninum-tolerant lines or F 2 
and Southern Africa is to foster tile populations are planted at Eldoret 
development of institutions and 
individuals involved in wheat 
research and production. Taking 
into account the specific needs of 
national programs, CIMMYT 
provides technical assistance and 
advice, sponsors visits of national 
scientists to wheat programs in tile 
region and abroad, and shares the 
products of its screening program in 
Kenya. In 1984, considerable 
progress was achieved in screening 
international wheat nurseries in 
Kenya. National programs also made 
advances in developing gertuplasm 
suitable for the region, 

Current screening strategies take 
into account diverse stress factors 
operating against wheat grown at 
high elevations thonghout the 
region. A viable wheat cultv;!-" 
combines the following character-
istics in a good plant type: earliness 
for dryland farming; tolerance te, the 
acidic or aluminum toxic soils fouind 
in vast expanses of potential 
farmland in Zambia, Tanzania, 
Kenya, Rwanda, Ethiopia, and 
Burundi; superior resistance to stem 
rust, which occurs throughout the 
region: and resistance to other 
diseases (stripe rust. spot blotch, tan 
spot, septoria blotches, fusarium 
head scab) wherever they are of' 
economic importan(ce. The program 
has idenrtifed lines with acceptable 
overall perfornance for imnediate 
use in production. Lines with 
specific traits that enable them to 
withstand the stresses listed above 
are continually sought for use in the 
hybridization program s. 

Kenya 
Multilocational testing-Most 
nurseries are first screened during 
the long rainy season at the National 
Plant Breeding Station (NPBS), 
Njoro. Entries are drilled in 2-row, 
2 m plots at all sites (3-row, 2 m 
plots are used for F2s). Specialized 
nurseries a.'e planted at sites where 
specific stress factors are likely to 
occur with sufficient intensity. 
Materials intended for dryland areas 
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where acid soils are common. 
Nurseries containing lines with 
probable resistance to septoria, 
helhinlhosporium blotches, or stripe 
rust are planted in Molo, where low 
temperattres and high rainfall arc 
often condlucive to natural 
epidemics. 


Germplasm promotion-Lines
selected at Njoro are promoted to 
one of two nurseries, Selections fromt 
International Nurseries [SIN). or 
Prclim hary Observationl for Parental 
Collections (Pre-OPC). These 
nurseries are planted during the off-
season and receive suppleimentary 
irrigation. The SIN nursery includes 
entries of superior agronomie type 
that range from resistant to 
moderately resistant against stein 
rust, and are also resistant against 
low to moderate infections of stripe 
rust. The Pre-OPC nursery is 
composed of lines with acceptable 
agronomic type and very high levels 
of resistance to stem rust, stripe 
rust, or both. Entries with poor 

, . 

plant type or medium to high levels 
of stem rust and stripe rust infection 
are discarded at Njoro. 

Selections from Ngorengorc enter 
the Pre-OPC as a subgroup. At Njoro 
they are further evaluated to 
confirm their earliness, and to 
assess plant type and disease 
resistance. Selections fromn Eldoret 
and Molo are harvested too late to 
be included in off-season planting at 
Njoro, and(are observed during the 
following main season in the 
Observation for Parental Collections 
(OPC) for plant type andl stei rust 
resistance. 

Lines in the SIN are tested under 
intense disease pressure during the 
off-season. Those lines that maintain 
superior performance enter the 
Multiplheation Plots (MPS) for the 
Screening Nursery for the African 
Cooperative Wheat Yield Trial 
(SNACWYT) in the main season. 
Lines with mediocre plant type but 
outstanding resistance to stem rust 
or stripe rust are transferred to the 
OPC for main-season planting at 
Njoro, Ngorengore. and l,ldoret. 
Lines in the Pre-OI'C that express 
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superior plant type are promoted to 
,he MPS. Pre-OPC lines retaining the 
fIiture for which they were selected 
(rust resistance or earliness) enter 
the OPC. 

Usually there is a lower rate of 
attrition from the SNACWYT 
because lines have already been 
tested in tile MPS or OPC. Lines 
from Ilie MPS enter that year's 
SNACWYT, a regionally (listributed 
nursery. Lines from the OPC enter 
the Parental Collection (1C), a 
comprehensive set for which a 
descriptive catalog of valuable traits 
Will be issued annually. 

Screening international 
nurseries-Table 1 shows the 
progressive diminution of nurseries 
received In 1983 as less-adapted
lines were discarded during 
1983-84. The remaining 32 lines 
entered the 8th SNACWYT, 
distributed in 1984 (Table 2). 
Disease pressure was more intense 

in 1984, and inoculation efforts 
increased, as can be seen from 
Table 3. About 10% of the lines 
were selected, with a higher 
frequency of selection for earliness 
and aluminum tolerance. 

Parental Collections-The Yellow 
Rust Parental Collection (YRI'C) has 
been further refined aflter two sev -re 
field tests in 1984. At tihe end of the 
main season in 1984, the collection 
consisted of 53 lines with acceptable 
plant type. These lines have 
withstood yellow rust (i.e., stripe
rust) attacks for over six years. 

The program examined 15 stem 
rust-resistant lines with resistance 
(Fenes from Agatha and RL 6040, 
derived from backerosses made in 
Mexico by the germplasm develop
inent program. These liles remained 
resistant to stem rust over two 
seasons when tested with bulk 
inoculun from Kenya, but they are 
unfortunately very susceptible to 
stripe rust. 

Segregating populations-
Individual plant selections within 
each line were bulked, and F2 
populations planted in the 1983 
main season were advanced to F3 in 
the 1983-84 off-season, and to F4 in 
the 1984 main season. Beginning 
vith F5 illtile 1984-85 off-season, 

individual selections will be planted 
separately, and full pedigree 
selections will )efollowed thereafter. 
Eleven bread wheat lines and one 
triticale line ar represented in the 
I5 nursery (Table 41. 

Table 5 shows the handling of the 
F2 poptlations planted in the 1984 
main season. One )oputlation, F 2SxS Aluminum. appears particularly 
promising, with plants selected from 
83 of 127 lines. 

International yield trials--lour 
CIMMYT international yield trials 
were conducted at Njoro during 
1984. These were the 20th ISWYN, 
the 5th ESWYT, the 15th ITYN, and 
the 15th IDYN (Tablc 6). There w re 

Dr. E. Torres (second from left), head of CIMMYT's Eastern, Central, and Southern Africa office, based In Nairobi, 
Kenya. 
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dramatic differences between the 
ISWYN and ESWYT, apparently 
caused by differences in soil fertility. 
The ESWYT had good yields for tile 
local check, K. Kulungu. and other 
high-yielding material. The 
difference between '. -cry 'S' and the 
local check was significant at I% 
probability. The ITYN also gave 
meaningful results; higi-yielding 
Merino 'S'/,Jl 'S' perfornled 
significantly betler lhall tlie local 
check. T165. Results front ilhc 15t1h 

IDYN reflect durun wheat's lack of 
adaptation at Njoro. 

Yield performance and low disease 
incidence were the selection criteria 
under which 16 lines were chosen to 
be submitted to the station for 
preliminary yield trials in tlhe 1985 
main season (Table 7). 

National Programs 
Burundi- In Burundi. national 
progran scientists simiultancously 
assessed crop developmentt undcr 
conditions of low fertilit v and ligl 
fertility, as well as at di ffercn lv'ls 
of disease severitv. Whe ht'hi 7 t0 
SNACWYT, tie 2ttd Aluininun 
Screening Nursery (ALSN) and tei 
Aliminutn Resistaint Material (ARM) 
Were tested wili tIis dual systml, a 
nunber of lines appcared prouisitg. 

The best lities were 6106-9 (front 
1-oletta Research Station, Ethiopia). 
and selections fron IAS 64/Aldan 'S' 
(CM47049, entrv I in the ALSN: 
CM47202. entry 24 itt the ARM). 
Aldan 'S'/IAS 58 (CM53481. entrics 
32-35 in the ALSN), and Cqt// 
H499.71A/ *4 Jntp 73/3/Cc1t 
(CM-179A.35S, entries 69-7 1 it li 
ARM). 

Madagascar-Tie Malagasy. 
starting with fthe MasaF 2 
Alumlnum Tolerant Nursery (F2 
MATN) in 1980, lave rtaclied ill. 
stage of final yield testing and 
eventual release of vari'ties. A 
particularly out,-tanding fantily is a 
set of lines derived from PP1 
70354/Vee 'S' (CM65063), witli 
yields in excess of' 4 t/ha for all 

entries in a replicated irrigated yield 
trial, and top yields of 5.8 t/ha 
(Table 8). 

Zambia-Zanbia's wheat program, 
with assistance froi one Belgian 
scientist and a tean funded by 
Caitada. has identified PF 7748 as a 
viable c ultivar for raintfcd conditions 
and rlceasd it its ' ,ydall.' For 
irrigated conditions, lo'al selections 
of Ciat 'S'/Kavco (cross CM56774). 
starting with F2s, have reached a 
stage wherc several lines arc likely 
to be consider,,-d for release. 

Zimbabwe-Zinbawe possesses 
Oltitial growing conditions for 
wheat, and CIMMYT gerlplasla 
expresses its yield potential boti in 
farmers' fields and ol cx lerilltIlt 
stations. hi (it' 1984 Advanced 
Va-riety Trial (AVT). condutted bv 
tie natiotnal wlcat tcati ill 10 silt's, 
Rusape (= Ver, '5') was the 
highcst-yitIding entry' at nong scvCn 
statdard varieties. Rusap yielded 
an overall nean of 7726 kg/ha: local 
Yields ranged fron 5948 kg/lia at 
Matopos (a cold site. 1338 in 
elevation) to 10.343 kg/hla at Hlarare 
(1506 in clevation). Wlcil all 20 
lin's ill tlic trial werr colsidercd. 
lii' SA 79014-9- 11 (= Za/Zpi 
p'rforin'd bett r t ila Rtisapc. 
giving an overall ttean of 7897 
kg/ha, \vitl] local yields varying frot 
56:31 kg/ia al fcitbridge (570 in 
cl'vation) to 10.381 kg/lta at Harare. 
This line has also viqdcd best ill t lc 
past two years' AVTs (source: 
Report ol Wheat Advai'ccd Varict.v 
Trials, Crop lBreeding Institute. 
I)cpartment of' Researcli and 
Specialist S'rvices (I)USS). Hararc. 
Zinliabwc). 

Regional Nurseries 
Nursery results-A incomlplcc 
return of results froi n tli' Sev'ntli 
African Coopcralivc lihat Yield 
Trial (ACWYT) and 71 SNACWYT 
pcrtnits oinly frageIneutary analysis of' 
these uinurscrii's. 'T'lie 2.1 cntrics of 
the ACWYT werc rankcd fhr yicld at 
each t'eporliitg silte. No citrv ranked 
anong thc lo) 10 across ali sites. 
Two ('lit'i'sraik(d aiontig Ii- it 1) 5 
at 5 sites, anid 4 ittorc ('itrties w(e't' 
In tli top 5 at ,4 silts (Table 9). ThI 

aliple dispersion of rankings reflects 
Ill( diversity of growing conditions 
encolimtered ill East Africa. 

Distinguishing regional needs--
Results frot re1gional nurscries 
suggest tlh adva.nltage," of eonmbining 
sites or areas in wieh groupjs of 
germplasn perforn i sinil ar ways. 
Tablc 9 illist rates flile close 
siutilarity betwecl liurtunIi(li and 
Madagascar, witicl share four of 
their five hcst-y'iclding lines or 
varieties. Altlholgh these cotllllrics 
are geographically distant. both 
have acid soils, xvhich probably 
account for tlile high performance of 
triticalc it tliese areas. 

Rcstilts froin tlie 7 ti SNACWYT also 
liip (list inguisli differt'lt licds 
across tile rcgiotn. Tht scvt't, best 
cntrics it t3urundi ar, either 
trilihales or x'le'liat c'-()sses involving 
B3a/iilian progenitors (Mga/Aldan =
 
(?.M46961- 12M- 1Y- 1M-604Y- 1PTZ-0
 
V: Kvz//An/Mv/3/Pf 70354 = 13]3977-
A-IZ-5A-OA-IlPTZ-OY), or varieties 
developed within tli, region (K.lkopo, 
ET 6106-9). In cottrast t lie five best 
cltrih's ill Zinlbabve were thrte 
Veery lines. Cmnt/Yr//Mon 
(CM43405-A-2Y- I M- 1 Y- 1 I- i Y-1o3). 
and 13SV 50/Can 'S'//Ve' 'S' 
(CM147768-A- 1M- I Y-4M-2Y-0Y). 
Analogous scs for Malawi and 
Tanzania are cotil)0tsd of regional 
varieties, high -yicldig Mcxican-t C 
wheats. and iticalc entlics. 

A practical cotilhusioni, and on( thiat 
should det'rilliliC tlie futurc course 
of action ill tlic regioni, is that 
scrceitinf efforts ill Ke'nya should 
ailt at sl)('cific grollps of locations 
attd sircsses ill KenIya and 
e'lsewhiec. 
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Table 1. Reduction in number of lines from international wheat 
nurseries received in 1983 after successive seasons of selection at 
Njoro, Kenya 

Main season Off-season Main season 
1983 1983-84 1984

Crop (Int'l Nurs) (SIN-83)a (8 th MPS)b 

Bread whieal 2000 74 26 

D111ru1111wleat 800 26 6 

"riticale 800 25 14 

Off-season 
1984-85 

(8thSNACWYT)c 

20 

5 

7 

Table 2. Entries selected from the 1983 wheat international 
nurseries for the 8 th Screening Nursery for the African Cooperative 
Wheat Yield Trial (SNACWYT) 

Entry no. Variety or cross and pedigree 

I Ata 81 

2 1Jres 81 

3 Vecry No. 8 

4 Veery No. 5 

5 Veery No. 5 'S' (75B) 

6 Veery No. 5 'S' (Seri 'S') 

7 Veery No. 5 'S" (I 15B) 

8 Bow 'S' 
CM33203-K- IOM-7Y-3M-2Y- 1M-OY-Oke 

9 Hahn 'S' 
CM33682-L-Y-IY-IM-3Y- IOOB-503Y-50OB-OY-Oke 

10 Haln 'S' 
CM33682-L-1Y- 1Y-4M-4Y- 100B-502Y-OM-Oke 

11 MN 72131/Pvn 
CM42402-30Y- 1M- I Y- 1M-2Y-OB-Oke 

12 7. acst/Mo//Nae 
CM43367-E.3Y. 1M-4Y- 1M- 1Y-OY-Oke 

13 Cnt/Yr//Mon 'S" 
CM43405-A-5Y-2M-2Y-6M-2Y- I M-OY-Oke 

14 lira 'S' 
CM43903-H-2Y- IM-5Y- 1 M- 1 Y- 1M-OY-Okc 

15 Mon 'S'/Ald 'S' 
CM53460-4M- IY-2Y-3M- IY-2M-Oke 

16 Mon'S'/Ald'S' 
CM53460-4M- IY-6Y-2M- IY-OM-Okc 

17 Bnq 'S'/CNT8//Ald 'S'/IAS 58 
CM58323-E- IY-2Y-5M- IY-2M-Oke 

18 Spinetail 'S' 
CM58478/13-2Y. 1Y- 1 M- 1 -OM-Oke 

(continued) 

a SIN = Selections from 

b 
c 

Inlernatioil Nurseries 
MPS = Multiplication Plots
SNACWYT = Screening Ntirsery 

for African Coo)erative Wheat
riecl Trial 
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Table 2 (continued) 

Entry no. Variety or cross and pedigree 

19 Fink 'S' 
CM41860-A-5M-2Y-2M- 1Y-OM-Okc 

20 Burgas*2/Sort 12.13//Kal/Bb 
SWM3115-2M-4Y- 1M- 1Y-OM-Oke 

21 Shov 'S' 
CD 10569-C-i OM- IY-OM-Okc 

22 CH 67/Jo 'S'//Cr 'S'/3/Fg S' 
CD20692- 1M-3Y-2M- 1Y-3 '- 1M-OY-Oke 

23 Somo 'S' 
CD32038-H- I Y-4Y-3M-OY-Oke 

24 Yav 'S'/AA 'S' 
CD32617- 1B-3Y- 1M-OY-Oke 

25 Snipe 'S'/Rabi 'S' 
ICD74 121-3L-IAP-OAP-Okc 

26 BgI/MvI 2 A 
X 15733-2Kc-Okc 

27 Drira//M2 A 
X 15839 

28 M2 A* 2/IRA//M 2 A/Ti7I 
X49274-5Y- 1Y- 1 M- IY-2M-OY-Oke 

29 Ita*2/IGAI/13ta/3/Ptr 'S' 
X50872-C-3Y-4Y-2M-2Y-4M-OY-Oke 

30 Pd 'S'/*21RA//Mpc (R) 
X50973-13-12Y-1Y-IM- 1Y-2M-OY.Oke 

31 Masa MexiKenya Ace 3833-59.Y 
1 IKe-Oke 

32 Drira/Kgr//IRA/3I-
132674-OAP-Oke 
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Table 3. Effect of one season's selection In Kenya upon the frequency of retention of lines from 1984 
international nurseries 

Off-season 1985 

Site and Main Season 1984 SIN Pre-OPC
selection criteria Cropa (Int'l Nurs) 198 4 b 1985c Total % 

Njoro

Plant type, BW 1171 28 
 118 146 12.5stem rust and DW 336 2 7 9 2.6stripe rust TCL 646 	 4,3 24 67 10.4 
resistance 

Molo 
Stripe rust BW 1675 112 112 6.7 
resistance 

Ngorengore
Earliness BW 189 83 83 50.6 

01 Joro Orok 
Crop BW 600 3 3 0.5development DW 20 7 7 35.5 

Eldoret 
Aluminum 
tolerance BW 352 62 62 53.1 

Total 4989 	 73 416 489 9.8 

a 	 BW = bread wheat 
DW = durum wheat 
TCL = triticale 

b SIN = Selections from International Nurseries 
c Pre-OPC = Preliminary Observation for Parental Collections 
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Table 4. Composition of F5 nursery at Njoro at the beginning of 
offseason, 1984-85 

Number of plants 
Parents and cross number in F5 

Sdy/Cndr 'S'//Jup/Bjy 'S' 
SWM 12325- 1 

Pvn/Vec 'S' 
SWM 12377- 1 

Krasnodarky Karlik/Odk 51 !/Vee 'S 
SWM 12769 6 

Odk 1 6/Pcga//Au/Jitrospvrw%'uw/179/MJI 
SWM12781- 1 

Pew 'S'/Vce 'S' 
CM69825- 6 

Gen 81//Br 74.72/Coc 75 
CM72428- 2 

Gh 'S'/Dodo 'S' 
CM72445- 4 

Pew 'S'/Glcn 81 
CM73976- 4 

Snb 'S'/Kea 'S' 
CM73978- 5 

Bb/Gallo//Cj7l/3/F35.70//Kal/Bb/4/Dodo 'S' 
CM74045- 5 

Bow 'S'/Gh 'S' 
CM74416- 3 

Mizar/5/IA/Kla//Cal/3/Bgl/4/IRA/Bgl 
CT3875- 2 

Table 5. Selectiuns made in F2 populations planted at different sites 
in Kenya, main season, 1984 

Total Lines No. of 
Crop and population Site entries selected plants 

Bread wheat 
F2 bulk SxS Njoro 460 99 362 
F2 bulk aluminum Eldoret 127 83 243 
F2 bulk helminthosporium Molo 72 9 (Bulk) 

Triticale 
F2 bulk carly Ngorengore 62 27 (Bulk) 
F2 bulk Eldoret 234 41 (Bulk) 
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Table 6. Results from CIMMYT international yield trials and nurseries conducted at the National Plant 
Breeding Station (NPHS), Njnro, Kenya, main season, 1984 

Yield of selected entries (kg/ha) Percentage Signifi-

Trial or 
nursery a Mean 

Lowest yielding 
entry 

Highest yielding 
entry Local check 

difference 
between highest 
entry and check 

cance 
levelb 

(%) 
20t]h SV,"' N 1470 174 (NS 5128) 2641 Ciano 79 1666 (K. lKtillungtl) 58 5 
5th ESWYT 2930 5,15 ( a'S'/%IMon'S') 5391 Vee 'S"(cili-Nl 19) 3247 (K. Klungul) 66 1 

150h ITYN 
15th II)YN 

2720 
1230 

1087 (NIAIH.T. 183) 
715 (DT411) 

374t6 Nierin ''oSJi 
1779 Entry 2-

'S' 233- (T65) 
1316 (K. Njiwa) 

60 
35 

1 
NS 

a ISVYN =:lI(rlnational Spring \Vh(at Yield Nursery. 
ESVY'T = Elite Sel,'tionl Wheat Yield TIrial 
ITYN = Interlationli Triticaile Yield Nturserv 
II)YN liitcrnat ial Diurin Yielcl Nurser. 

siglnil'icac lnlli'is Mul tiple Range Test {DMRIT):b csl of using Di NS = Not signiicant 

Table 7. Wheat and tritical! entries submitted by the CIMMYT East, Central, and Southern Africa 
regional program to the Kenyan Wheat Program for evaluation in the 1985 Preliminary Yield Trials 

Crop and cross or Origin Rust reactionb Yield
variety and pedigree 1983-84a Stem Stripe (kg/ha) 

Triticale 
Drira/Mi2 A MPS-29 0 1OR 

X 15893-OAP 
M2A(2)/IRA//Ti71 MPS-4 1 0 20R 

X4927-1-5Y- 1Y- IM- 1Y-2M-0 
Pad "S'/IIA(2)//Mpe. (N) MPS-43 0 5R 

X50975-13-12Y- ]Y-I M-1Y-2M-0Y 
Masa Mex/Kcnva Aucc 383.5f 4 MPS-45 0 5R 

Bread wheat 
Miis 'S'/lti//Mava/Acl~ 'S' 5t h ESWYT- 16 5S TVMS 3953 

T'ralit 'S' 
5 th ESWYT-18 TMS TVIS 3953 

Tyrant 'S' 201h ISWYN-8 - 10MIRMS 2484 

Vce'.' No.9 5 th ESWYT- I1 0 l01VIR 3970 

Veery 'S' 5th ESWY t-19 0 1OMS 5391
 

(continued) 
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Table 7 (continued) 

Crop and cross or Origin Rust reactionb Yield 
variety and pedigree 1983-84a Stem Stripe (kg/ha) 

Veerv 'S' SIN-16 0 5RMR 
CM33027-F- 12Y- 1Y-12M- 1Y-2M-OY 

Mava/Monl/Kvz/Trn SIN-34 0 TR 
CM44083-N-2Y-2M- I Y-I M-1Y-2M-OY 

Kocl 'S' SIN-123 0 0 
CNM34574-F- IM-5M- 1%I-1Y-0M 

Fink 'S' SIN-124 0 0 
CM41860-A-5M-2Y- 1Y-OM 

Ciano 79 20th ISWYN-39 5MSMR 2641 

Aln' a "sor 	 20 t h ISWYN-50 lOMS 2492 

Hyslop/Pa%'on 	 20th ISWYN-18 IOMRMS 2361 

a MPS = Multiplication Plots 
ESWYT = Elite Selection Wheat Yield Trial 
ISWYN = International Spring Wheat Yield Nursery 
SIN = Selections from International Nurseries 

1) S = Susceptible. T = Trace. R = Resistant. NI = Moderately resistant: numbers are percentages 

Table 8. Best-yielding entries in a replicated bread wheat yield trial, FIFAMANOR, Madagascar, 1984 

Disease score
 

Cross and number 
Pedigree in 
Madagascar 

Yield 
(kg/ha) 

Days t. 
heading 

Dayq to 
matur'y Septoria 

Helmintho
sporium 

PF 70354/Vec 'S' 2.1.2 5855 79 137 3 2 
CM65063 

Huac/TJB 788.1038 - 5735 70 127 3 3 
CM5342 

PF 70354/Vee 'S' 2.2.2.1 5715 73 126 5 4 
CM65063 

PF 70354/Vee 'S' 2.1.1.1 5445 74 137 3 3 
CM65063 

PF 70100//Kvz/HD2009 3.2.1.2 5435 71 129 2 5 
CM65031 

PF 70100//Kvz/fiD2009 5.3.2.1 5411 74 129 3 3 
CM65031 

Aid 'S'//7C/AId 'S' 1.1.3 5370 72 137 4 4 
CM64294 

Tif 72.55/Imu 2.2.1.1 5275 77 137 5 6 
CM65270 

Mga/Pew 'S' 1.1.2 5115 71 137 2 4 
CM59372 

Pat//On/Maya 'S'/3/Ald'S' 6.1.2 5100 67 129 6 5 
CM59825 

Source: Research Department, FIFAMANOR 

a 	 Disease development evaluated using a 0-9 scale; 0 = Free from infeetion; 1-3 = Resistant; 4 = Moderately 
resistant; 5-6 = Moderately suscepllble; 7-8 = Susceptible; and 9 = Very susceptible. 
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Table 9. Entries among the top five in four or more of the nine 
reporting sites in the 7 th African Cooperative Wheat Yield Trial 
(ACWYT) 

Sites 

TI'ohta. MEXICO 

Arusha. 'VANZixNIA 

Entry numbera and ranking 
2 122 

s23 15 22 18 17 

6 16 12 f3 10 

10 1 7 6 2 

10 

2 

4 

a 23 
15 

18 
17 

= 
= 
= 

= 
= 

Juanillo 207 (triticale) 
T-65 (triticale) 
Coqui/4/A/M2A//Pj/3/13g1 
(riticale) 

Bg dcriN'atixc (triticale)
Veery 'S' 

CM33027-F I2M- IY-2M- IY
2M-0Y 

MbcN\ i, TANZANIAM AA2 19 2 12 9 16 32CM34555-B-1M-4Y-1M-1Y 10 = Bb/GII/Cj/3/F.35.70/'Ka1/Bb 

Kabale. UGANDA 16 2 8 18 4 7 2M-0Y 

Tsanigano. MALAWl 3 10 4 6 16 5 

Malkerns. SWAZILAND 1 6 13 11 4 15 

Anltsirabe, MADAGASCAR 1 5 4 3 13 6 

Malama. MOZAMBIQUE 2 7 1 5 4 7 

Kizosi, BURUNDI 4 5 1 2 19 23 
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South and Southeast Asia Region
 
E.E. Saari, D.A. Saunders, and C.E. Mann 

Introduction 
Presently, four countries within the 
South and Southeast Asia region 
receive priority: l3urlia. Indonesia. 
the Philippines, and Thailand. These 
countries are at different stages of 
wheat production and organizational 
development. and all of Ihein. wilh 
(he exception of l3urnia. havc liltlc 
or no history ol growing wliat. 

"!i- temlperature regimes, soil 
conditions, and disease problems of 
this new whcat-growing region differ 
from areas where wheat is at 
traditional crop. Little solid dala is 
available vet to perlliit confiden'r 
predictions of' the outcome of, any 
particular wheat prodluction 
practice. However, through careful 
surveys of field sowings and through 
coordinated research projects. 
interim "technology packages- are 
being refined rapidly. 

Burma 
Production-Although wheat 
cultivation in lurnma decreased 
markedly during the late 1960s and 
early 1970s, since 1974 the area 
sown with wheilt has expantded. 
Approximately f100,000 hI are 
Currently seeded: this area istuilatY 

as large as that used for wheal 
)rodluctlion ill1hi-1ia before the 


mid- 1960s. 


The expansion in wlat('l ivatl
iol
 
is as draitll ti' as the changl.. it
 
national Illcalli vielIds.
wheat whiich 
rose Irom 0.45 I/ha ill1974 to Ill( 

eurretnt estimate (if* 1.2 tlmt. 

Although iiptroved yields ia' I,,--
attributed partly to IIIhe introducl 
on 
of higher yieldling varieties roin 
Pakistan in 1980. the itcrease was 
produced prilmarily ltrough llorc 
irrigationI facilities, r-al- use
fet'rilize'r. and improved 

management praclices. Tl._! 
government of' Burma is aclively 
promnot intg the cx panrsionl of' wheatl 
and barley produitiii throigltholt 
the countrv. iticluding i,,,re 
tropical soulliern dela. 

Wheat is grown in lite cool. (lty 
season. p~rincipally without 
irrigatlion. There is lilt rainfall andIle 
the crop is essentially grown oil, 

residual moisture. Experinents introductions, since Yezin does not 
indicate that lnid-Nocmber is tie rcpresent the present wleat-growing 
optimal sowing period for Ilic areas adCqlatel,'. 
present varieties, a finding 
conlfirmed in farmers' fields. Some Coaid-.lh progress Call be 
rain fall usually occurs in late cxpecled fr'omi variet v improvement 
November. helping to establish the in Hormia. The v'ariety Mollywa 
crop, nd I)cCCenlber is esSentilllv white ( IP4) isstill donlinating ill 
rai n-free. In Ile 1983-84 cropphni the Sagaing and Monywa divisions. 
season, rainfall in Novemberwwas but sceCd I)roduction aid distribution 
greater than norlnal ii lie nortrher is unllderway for Ille newly released 
areas and crop establishmntll ald varictics from Pakistan. Lyallpur 73 
developnct were good. and 1ui*jal) 81. In the higher 

elevations of Shai State, older, tall 
Breeding-'lThe iext getllCraltioll of varieties such as Lerina 50 aid 
prolnising lines is being tested in a \V.C. 1 (all hitrod( o[iolil-olll

national trial conasistin of released (anada) arc gradually being 
varictics and a iulllthcr of VeerV rteplaccd by IAJ 26 aid lPunjab 81. 
selectinsl, of which Vcrv No.2 anrid 
Vccr- No.5 look parlictularlY [,oo(d. BiarleY is grown coinnte-cially in 

Shai State. but accurate production 
Snmall-scale crossinIg l.icllls were stalistics are utnavailable. The ntain 
initiated altwo boealiotis. Y'czilt all( varictv is Morex; Clipper ald Golden 
Znloke: the progrmitt at Zaloke was Valley al ' of s('colldarv itipolrlance. 
started by FAO. l'xcelhlent Fps
itndicate the potCntial gaills to bv Disease-Lcaf atiod stem rusts are 
o)tained froti brteding work, at 1 1d most serious wheat diseases int lil( 
the ncccssitv of, having (Xperitln('(( tiliecoItrly,. hul no major epidemic 
lat iottal staff available to itake Ielc o ttued ill1984. The vile struteture 
best use- of t htese crosses. in lHurna is reported to be (iffercnt 

fIl-oll It litie l'lStl(llrt of musts ol 
littet-nlt iol 11 tilrscrics werc rown [lit stbcotiililit, and this 
it Yezill. Yc J. arid llcto (hirl'y). IifIlrticc. along with the iitcreasiltg 
1 ftc Iankon Agriciltttural Research occelire'i( of leaf rust in Northern 
Farn at Yc U. which opned in Thailand, should lie slidicl. 
1983, was reconiitendd as Ill( 
main statliot fuio wheill 
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Seedbed preparation-Seedbed 
preparation for wheat after the 
monsoon crop appears to be a major 
constraint to increased yield. When 
tradidional bullock-drawn eCuipnlent
is used, the initial plowing produces 
large clods that dry quickly and 
become very difficult and lilmC-
consLning to break down. Up to 
10 harrowings are perlormed. 
Insl)(etions of fiarmecrs' fields 
indicate(] a positive rClationship 
bttweei stand dellsity (and plant 
developllent) with filinencss of tilth 
of"the topsoil. A partial solution to 
this problem vOUld be to reduce the 
dcptih of primary illage. Less 
secoIlidli-Y tillage would thei bllhe 
reCquirtd aild otireSi loss firo tlite 
soil prol'il- prior to secding would be 
decreased, 

In copiarisois betweel farmis 
within individual vilhages. it was 
fotund that tracitor-(ullivatc fieldS 
produced hiigher yields than fields 
prepared by t radilioilal nicalls. 
Mechanization in (Ithcr crops. 
particularly ricc. is procedingl quite 
rapidly, and so Ilie problem of 

decreasing the turnaround tin. may 
ultimately be solved !)"this neians. 

.'eed rate and fertilizer use-
Other factors that require
investig ation arc seeding rate and 
fCrtilizer technology. Research 
stations usc a seeding rilte of' 100 
kg/ha, bill some f'iarnicrs ise a rafte 
.s low as 60 kg/ha (very poor stands 
iay also indicate poor seed 
viability). Fertilizer is not used on 
whllat illsolle parts ot Ilie ( olllitry. 
althotgh mirost larnicrs 1lertilize the. 
m11ain (mlolsooll) crop. Whcre 
'ertilizer is used and lie crop is 
gr'iwin oil residtial nioistire. !!! 
plractice of spillitting ii irogt-ll 
alplications wotild lnot seem to be 
lechnically w(vll-Iouinded. 

Indonesia 
Production-Iiidoncsia's wheat 
iinl)0i-ts incrCased to nearly two 
million netric tons in 1984. and 
constantly risin imuport bills lor 
this conl nodily prompted the 
gov'ernnlent of Indonesia to 
inv-t igat the possibility of" 
lomestic wheat production. In the 

government's new five-year 
development plan. increased 
production of carbohydrate crops. 
including wheat, is a high priority. 

Alhough small quantities of wheat 
are grown or home consumption in 
isolatcd highland areas. tlie regional 
)rograin seeks to establish wheat at 

lower elevatlions of 600 illor less. A 
stitistation at Ktiiningai (550 in 
elevation) is heing ised as a prinary 
breeding and sclection silte because 
it is ai accepilblc compronm ise 
bclwee n the eivilollnentlall 
e'treies iiLa t xisl illhIdoncsia. 

Breeding-hit rodti i ions have come 
i'-oillthrec sollc' a collectiol of 
Indian and Pakislani lines and 
varieties inltrodiced belre 1980: 
recent ClIMMYT un1 'srics: iand 
ilunber of lincs Irolli tihhlstlitlite of 
Plant l3reeding progran in lhiC 
Philippines. Broadly adapted lines 
tested at several becalions o(tr more 
than two years are Swati and 
lM1P 72: SA 75. Lyalll)ur 73. and 
Puiiab 81 consistently rank anong 
the higher-yielding lines. Oft he 

Dr. E.E. Saari (left), pathologist based in Thailan1i, makes periodic visits to wheat programs throughout the South and
Southeast Asia region. 
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more recent introductions, UP 262, 
Cno 79, I'vrant 'S', C 220-4. 
C 169-6, C 212-59. C 213-13, and 
Trigo 2 seem to havc potclntial. 
Lines from all three sontrves have 
been comincd f(Or a fotir-station 
rI-ial onl Stlllitlr Ja'Itlltd (results 


are not vet ;.,vaiilabl) So fir, tto 

valiJctiCs hav: Ibeen 1
rlcaI sc(. 

Table I lists (iIM.\ YT nurst'rv lincs 
that perfornied wellll Ii tilt, soilsacid 

of Stiniatra. 


Java-Target areas foir[ hCt ill 
difficult to d(,ehit ac-CurlllfV in 
Iidoncsia, since )Ite calt find itillost 
aiy type of clillitac and crop 
competitioti is ot'lill intins'. 
Defining targt arcas is pu-ticilailv 
challenging for the (ciiselv 
populated islald of ,Javil. whert. Iltc 
principal flour lills ti,sililtd. 
One promising area, silut;llcd lmalr 
'hcSukainaiuldi Expcriit-iIial 
Station sonic 120 kitl t;it of 
Jakatta. cove'i's approxilattlyaIi'ttll]ciii 
250.000 ha. riigation is availabh 
for abotitin iotIths it the avir, 

dili twoi ric crops at' growi 
b'twvcit DIcl'liber aid Jully-Al glst. 
Fi-oI August to I)ttc-mInh'r tutlich ofti 

th1C land is vacail. I)uring this 

period sonit rainfall oct-curs. which. 
cornbint'd with risidital itoisitil- ill 
lit' soil. istu1ltgl t it rItpto produce 

of 1-1.5 i/hl if crtaimii prIhlcns i-aim 
he solved. 

h'lic ovci-ridihig pr)blui is 
Sc-I'rotiton rolls-ii. ;alorg ;nisis thiatt 
can cfhminat' tilt to 50%I iii lit' 
scdlings and 'Oi-liltlucs to w'ali'il 
plants until tilt,(' A ICes-lli]Illurt. 
prograin or contolliiig this 
organism has higitit. Grassy wccds 

Sumatra-There is much interest in 
wheat cult ivation in Sumatra, and 
resclrch effbrts are currittly based 
illSukarami Field Crops Research 
Statoll near Paci:,g. These areas 
otit it' \VSCl ItOwtilill chainltlaNVO 
podzolic and latcritic soils, and 
frtilitv r'Cselrch is ncccssarv to 
(ctti'll hie how to increasc yiclds. 
Yields of 25 lines froi tit 
tkivcrsit' oft lile( Ihilippitcs at Los 
Hafuos (U'L3) and f'roiiCIMMYT 
were studied al clievatotis of 
650-1250 i1. flthchigicst idivilual 
ytld waVts 3.3 t/hl,anld ihallt yield 
was higlhcis at 1000 ill and declined 
eit ltabove or below tfilat el'valion, 
Researtchela this Itcation has also 
foctused otl stlablishing tbt' optiniuill 
secdiilg date totrwheat. Pl-cilniiatr 
cvidetice' suggcsts that whIat should 
)1' sowin illMay f'O"hlaItst ill 

Aullust. ilt(' dhri.st ioiith (ritlil is 
;ll )roxiiliat'ly 100 tutlll). 

Flisarillill hcad scab is a significaiit 
whcni lt'lpcratilics and 

hliiiidiiv areV high. AlIhough the 
iliIensitv of this disease isreduced 
I) theirtccoitlilltldc Maxv scedilg 
dati', additional I-esaciltch ol 
tfusariillin is needed. 

"1hrilargcs poucultial area for whcat 
culltivationll Stlniatra appears to 
)e tl ItiraSIigratioln ZOll t) othe 

cast of" tili' IllollItiIs.wcsterl This 
t reill large area is being 

devt'oltt'tl. Soils arc acidic. withitelp 
high levels of*altinuiin, and the 
g(iniilnit has spolsorcd a project 
)tolinic the soils progrcssivcly. 

T'IllpeItitl-i's are 'sscntialvy stable 
tlihroughout the yNear (inlllllintll 

22(C', inuaxii111ni '3')) ai August 
is tile di'icst llouth. Rcscarch for 

(Echinoch]oa and ('v11d10 spp.) ialsot titis zoine 'illbc ititia!,'d it 1985 at 
require atthnlion Despit lit-sc 
difficultic.S, eXCellilt inidividutal pl:It 
developmnit itdicati's that whe'at 
nay have poletial is ;a -iluiu'icial 
crop ilitits i-tca.Forlttnalfv, high 
teniperatrs (21 (' aluiglt. 32'( 
during tlic (liay)do ntl gri-allv 
restrict platit d('tlopcl'i of tle, 
lines ctrri'iitlv beitig Istid, which 
arc mnittlv of hlidiai ;ld lakistmi 
origin. Initial otn-fiit cxp'rinmt'ttts 
carried out onl land a;600 ill 

elevation demoinstrated hat vilds 

of' 1.5 t/ha iay i'ca withI
i'v]itcd 

farmers' nianagc-ll 

tle SitliuItg sbstat ioln, locatCd 
Sothieitiast of ai--atami100 illat 
clvat ioll. tIh'r stations will be 
intltide.d illrcst';rtlt activitics 
f llowing obsirviatiiIis at Sitilting. 

The Philippines 
Production-iu t l' hilippics, 
tllIllial v'lcit imiports a- inIit-ttl'V
 
btVcit 850,(X) iid 900,000t)()
t.-e'r 
c-apila w'hea itllislliptliin has risill 
froi 8 kg ill1977 to 10 lig ill1982, 
a 21, in-'rcas' illsix vt-ars. 
Attitcluts tiopairlfill' substitult 
sorgum flour aindf flowr iroin sonic 

root crops for wheat flour have 
proven unsuccessful, partly because 
Filipinos have acquired a preference 
I'r a partictlttr quality of the local 
bread. 

Breeding-A wheat breeding 
program has cxisted at UPLB for 
aboit 15 Ncars. From this program 
th two current varicties, Trigo 1 
and Trig, 2,wcrc derived. Both 
varieties arc ra thcr late maturing 
aitd otlv itodlerately resistant to 
helminthosporiun;: Trigo 2 has a 
tCiidCIIV to lodge. The national 
testing systcm has identified lines 
that are better than Trigo 1 and 
Trigo 2 with regard to yield, 
ciarlhiiess, and lodging resistance. 
but these lies do not necessarily 
possCss inprovcd hlininthosporium 
rcsistance. 'Fablc 2 shows results of' 
fivc lines fronl UPLI3 C numbcrs) 
ial two 13I1 selctCions (PI, niumbers) 
'rom CIMMYT nurseries, compared 
to the check varieties, 'I'rigo I and 
2. 'Two lines 'ill he submitted for 
varictal rclcasc in 1985 after the 
required amiouInt of' seed is 
prodliccd.
 

The brccdintg progratn at LJPLB now 
has crosses between old material 

(which carne from introductions in 
thc 1960s) and Mexican material, as 
well as sel'ctions from CIMMYT 
segrcgating populations illadvanccd 
feu,'rat ions. This gcr-mplasm shouilcd 

broaden the genetic base and 
shoul lead to thc release of' hcat
tolerant varieti's with i t)i'roved 
-CSiStilC' to hhninIthosporilin and 

t lic ists. (''hc li'tSlare not sev'rc 
inItIll
Philipins. but lack of 
rcsistaicc makes Filipino lines 
uiitSib~c tor bi-ceding pi-itgriitliS 
ottsidc tit' 'titllry.)
 

13-rceding inatellials at flit'3urau of'
 
Plant Indust 'y (1311) at-c almost 
excluisively' fi'-oniCIMMYT. The 
sltioln at Sail Malco. Isabella. has 
atttillpltd a setittid geni-at'llot 
breceding -y'cle during fll- sunnier 
ilolhtltt wilh soinc succcss.
 

I chluintltospoi-ititl leaf blight
 
I-Cellalls Ihllthe wial discasc;
ai 
lteav - cpidenlics occur' vc'*vy,'car. 

:C-uonit' sitimtloutin 
make clclnicals not on]Y too 

Silcc fille iay 
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expensive, but unavailable, breeding 
for resistance to this disease is 
extremely urgent. 

National Wheat Pilot Project-
The National Wheat Pilot Project 
was established on Luzon in 1982 to 
investigate the comnercial potential 
for wheal. This project is coor-
dinated by the Phi lilppinc Council lot 
Agriculture Resotirce-., Research and 
Devclopment (PCARR ,). wlicli. witi 
tle National Food Autlhority (NFA). 
supervises the pilot production 
areas. 

To define problems and constaints 
limiting increased yields. the project 
has undertaken on-farm research 
trials. When a solution to a 
particular problem is available. 
changes are mad in the 
technological package recommended 
to farmers. If no solution is known, 
PCARRD selects tile appropriate 
cooperating agency fron amllong tile 
universities or the l3PI, then funds 
and directs the research. This 
system pcrmits the efficient use of 

personnel and rtEsources for 

particular areas of stud'vwith 
little 
duplication of effort. Research 
studies currently in progress include 
control of helminthosporiurn and 
sclerotium diseases by chemicals, 
insect control, fertilizer teclinology, 

weed control, and harvesting 

methods,. 


Wheat production in pilot project 
areas-In 1983-84, the sowing of 
47 ha of whcat was supervised and 
financed by t hc National Wheat Pilot 
Project. Prior to the cropping 
season. 1 10 potential farmcr 
cooperators were trained in Ilocos 
Norte, Ilocos Sur, Isabela. and Nueva 
Ecija at seminars that introduced 
them to illportant lalagement 
factors involved in whcat 

production, and fully, explaincd tlic 
teclnological packagc. Ninety-four 
farmers fron sev-in l)rovil(cs on 
LIuzon (-entuall participated in tic 
project, 

Pilot pro'oc-t are-as were g-tcrally 
soWti filletr tltll phliiile Iecaunse tilt' 
rice lharvcst was quite late. A 
numnber of signif!cant featuics w-r-
observed in tle-pilolt sowings. Ti-
effect of seeding depti greatly 

influenced the development of tile 
crop. Seeding at 5-8 cm produced 
plants with more tillers and more 
"normal" dhm'elopnient than seeding 
at shallower depths. This effect was 
pronounccd even in well-watered 
fields, and so is presumuably distinct 
from1 soil moist re aspeCts usually 
associated with deeper seeding. 
Effeet s of seedi ig too deeply wre 
also noted. 

Anot ier significant feat ore of tin 
pilot sowings was thlat the farIllcrs 
madei a numnber of alterat ions ill thc 
technological package. Several 
farmers space-planted the winat I 
hand, seeding very carefiull v into 
furrows or using a dibbling stick. 
BecatusC of tile care takenl. tIh-se 

fields were airlong the most 

impressive, iavin. even
very stands 
witi excellent tillering (up to seven 
tillers per plant). Other farmers 
sowed in rows f) o60 m vwide to 
enable weeding using a buffalo anld 
plow or bamboo larrow. Some 
farmers used a Iice-straw mulch It) 
conserve moisture. and their crops 

also had strong tillering. 


\Veed control was generally good. 
Crops were weeded nieclianically or 
bv hand during the first three or 
four weeks. an amount of wt-eding 
tliat appears sufficicnt because crop 
Competition against weeds is good 
after that stlagc. Latcr ctlt ivatiol 

damages tie crop. 


Weed, disease, and pest 
control-Sccdlitg blight and root 
rot caused by Sclhrotium roll'si wcre 
a widcsprea'l probc-nl in pilot plots. 
No ehenical for sted tieatmInent was 
available ill tilt marikct at the tinlc 

of sowing. 

Hhliintllosloritil was serious ill all 
crops except t host- sowin vt'. latc(. 
ly early grain-filling. sonli' crops
that had rcceivcc two applications of 
mlianlI-ozl) lad sevcrclv infictdci flag 
iea e,; .nd hieads. \Vice row-spactili 

rcdlicc th(- scl'Ctyrit Of Oh' dis-asm' 
prcsuna'll lly r tu g th t' haty\'t'
hulimlidity witin tli cropi cnlolpy. 
Still-borr cailage was also 
observed, but ill flail., c'asi's Ote 
alilleInt of Ise'lticilh applied htip tol 
folur tillmies) was probably not 
justilile. 

Pilot project results and future 
research-During the last year, 
inprovements in agrotechniqcie for 
growing wheat in tile Philippines 
increased greatly. Only one pilot 
project field had obvious 
waterlogging damage (a major 
problem in 1982-83). and the wheat 
crop in one other field had poor 
emcrgencC I)eciLS , of extessive 
seeding deptlh. M os fields had 
adeqLatC plant populations and ill 
the absence of discase would have 
yiclded 1.5-3.0 t/ha; the highest 
yield ol)tatned was 1.9 t/ha. Mean 
yicld over all sites was 692 kg/fia, in 
conparison to -400kg/ha in 
1982-83. 

Disease control icnthods or resistant 
varieties iiecfd to he devclopd and 
early disease rcoglilitiol nlilst 
improve if fillmers are to obtain 
Iliable high yields. The farmer
 
sclinars in late 1984 emphasized
 
disease recognilion and control
 
l)rocedures. About 250 ha of wheat 
;viii be sown in tll( next cropping
 
cycle. and all seed will be treated
 
agafnst sclerotiinin with titran or
 
captan., dep-ncliig Oil availability.
 

Thailand
 
Production and breeding-

Thmiland is seriously studying 
s11bstitutillg a portion of its annual 
wheat inports (200,000 t/y\r) with 
locally produced wheai. Varieties iire 
hfing developed tlrougli tile close 
-oopc-ration of tllre inst it uit ions: the 

Departme-nt of Agriculture, Kas.-tsart 
Univcrsity. and Chiang Mai 
Jniversity. Since 1980. a systen of 
olitlry-wid- iiIrscries has been 

dc-vclopcd, to which all bi-veding 
institlttolms sublit ('tit 1its (Table 3). 

Approxinately 50% of tIh- data 
rettimlied fron tIwsc nurseries 
proved uscf iii. This perc'ltage is 
aCCelltabhlCbecause tlc nurseries 
have two additional functions. First, 
tI.v a'e it mo'alis of cXl)lirlg new 
sites Ilat mav hi' siiitalfh- for w'heal 
and barly ('ilt ivat ion: secoIld, tNy
s('r\'c o(in aillilliariz tscaii'tl staff ot 
tI(,x stations \%,itlf wwal. For Ihis 
fLttr lilrposc. a Iwo-d;iV workshop 
was i-I d in Octlois for teciitcians 
fromn all c-xperihncnm stationis wherc 
wheat was grown. The workshop 
dcalt with all aspc(s of iIIrsery 
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handling, from field preparation to seed for 1984-85 nurseries will be Target areas for commercial 
data recording, and included a treated with carboxin. Although leaf wheat production-Two broad 
practice sowing with different rust incidence is still low, the categories of land suited to future 
equipment. spectrum of races appears to be ConImercial production of wheat in 

expanding slowly. Ilarlcy is Thailand have been identified. The 
The highest-vielding lines in the increasingly susceptible to first eategory consists of upland 
Wheat and Barley Thai Yield and by 11. areas of low to medium elevation,selcrotiui1 is threatened 
Nurseries (1983-84) were eompared s;ali-un every year. Because much where no erop i.sgrown following 
to the released varieties used as barley breeding work seens to be the h,1rvest of maize in Septcrber 
checks (Tables 4 and 5). Before the dolle for 11. cel's resistance,ifew and upland rice illOctober. The 
final candidates for release are il roduced lines are sufficiently wheat crop should be seeded into 
selected. sonic of tihe promising lilies resistant to If. salivulml. Trials for soil with Ilfull moisture profile, and 
will be grown in small plots tIlIder chemical control started ir thlie sonic additital railfall must be 
farners' conditions cluring the 1984-85 season. rcCiv'd dluring Novenber to ensure 
1984-85 growing season. acceptable yields. 

Weed control experiments-This 
it1983-84. approximatcly 4 1 of y'ear. a wider raglIle Of chemliCals The second broad land categol-y is 

Ilia 66 and Sonora 64 seed were was tested ol wheal in Thailand. lowland areas. wvhere sufficient 
produced by tile DepartIllelt of, The tests demioInstirated that a water is not availablc in tlhe 
Agriculture at two northern stat ions. mixture of diclofop-mcthyl and irrigation system to grow rice duiri ng
In 1984-85, the seed increase chlorsulfuron will cointrol the weed tile cntire dry. cool season. Wheat, 
program will still include thesc two spectrun adequately. with the beeilliSe Of its rlat1iVe drotilt 
varieties, but emphasis will he possible cxc-pt ion of Digitri spp.. tolerance., Cai survive this situation, 
placed oil nullil)lyinlig te most when applied 7-10 days post- and iii 1983-84, wheat yields of 
promising lines (Table 4). eIergence. Voluntecr maize and 2.4 /la were obltained ill 

rice arc controlled by diclofop- ex)eriments in which crops receivedDisease-Scroium iolW-ii isthe lehyl. although the ctrol' o rice only two irrig,'ions during the 

main wheat disease in Thailand. any depend on soil moisture juvenile plant phase (up to 30 days 
Good control is achieved if there is conditions after application, after emergence). 
no excess water after sowing, and 
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Dr. C.E. Mann (left), Inspecting barley trials in Thailand. 
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Although the lowlands represent a 
large potential wheat-producing 
area, unsolved technical problems, 
mostly related to tile tendency of the 
heavy, infertile soils to become 
waterlogged, preclude tie area's 
immediate use. Research is 
nevertheless proceeding on seedbed 
pre)aration and seeding methods 
(including zero/mininmum tillage). 
water control and management, 
fertility, and weed control. 

Research in upland areas-Since 
the lowland areas are l)roblematit. 
tile emlpliasis in wheat e/xtelsioll is 
on rainlfed ul)and areas (vhcre. 
during the l)ast 10 -15 years, some 
farmers hill-(- been growing wheat 
ot a local specialty marlw), aid on 

someIfcree-dni lniing sites whiere soie 
possibility of' iriigation exists. 

hi 1983-84. 27 sits, I'ranging i'OmIll 
0.2-1.0 ha. were sown by farneit-s. 
Yields were gentrallv low. less than 
800 kg/ha. mainly because of 
larmers' inexperience with the -rop. 
Seeding \'as usually too late (mid-
October appears to be the optimal 
date for seeding rainf'ed wheat), arnd 
seed was planted at too shallow a 
depth. which af(ected crop 
establishimient and development,. 
Fertilizers were rarely used. Data 
indicate a universal resl)onse to 
nitrogen, but phosi!horus aid 
potassiumln requ ireientIs are Ulne-lalr. 
Data on tilt'l) olaSsiUm respoise of 
wheal suggest thai lieCoitomic 
responses to iotassiuili InaV be i-are. 
For phosphorus, soil analy\-sCs 
mainly suggest delfieicy levels 
(5-10 i1). bul responses hiavte been 
lew antI inconsistent. High 
phosphorus absorption tapacit ies 
have been ilditaled 

Weeds ar also a probhlem. 
Predominant grassy wecds a'fcing 
wheat 'verc various species of,major 
Era' rostis. Ehlusiic,, Echiimochloa 
alld l)i]gitarii, whiereas broadleaf 
weeds include Antmarmths spp. and 
Portltacaolera'cca . 

Low wheat yields currently attained 
under rainfed conditions preclude 
intensive weed control measures. 
Where some supplementary 
irrigation is available, increased 
yield potential should encourage 
better weed control. Data suggest 
that thile first five weeks is the 
critital period during which weeds 
should be controlled. Mechanical 
aids to weeding (rotary hand 
weeders, hinged hand hoes, shallow 
plows, and harrow weeders) are 
being pronoted. but a m1ore 
satislattory result may be obtaiined 
in we future through chenical weed 
coni tl. 

Some Commercially available 
herbicides (e.g., lutathlor, Alachlor. 
Oxadiazon, Isoprotlu-ron) have l)en 
tested experimentally with 
aeeptable results. Ilo\CVr. in 
practice. pllylotoxicity problenis, 
rtla ttd to the level of soil moisture 
following a1)plic;lion ind to seeding 
depth, hae\', INcH Xlerienced. 

Local wheat utilization 
program-The adoption of wheat is 
promoted among farmers through a 
"local utilization' program. In this 
prograin Iarn lamilies are shown 
the uses O!" Wheat aId insitl-Uted in 
the preparation of wheat produCts. 
Interested (arniers can apply f'or 
seed and are informdCl t'he 
iltallagenileilt priJaC ices cequii'd( to
grow\ tilt crop. Tile prograin has 
plroVei siiccssful aId is oil]y 
litniled by tie restrihled supply of 
seed. The prograin's tiext objetIive 
is to create -local marlets" for 
(arin(ers' wheat such as village 
mills, noodle factorits. or hakeries. 

Training 
Training in wheat hreding.
pathology. antd prodution ('ol int'es 
to b otie of the regional program's 

objectives. atid six caildidates 
have been idtliified for iii-service 
trainiing ill Mexico in 1985. 

Publications 
Mai. C.. 191.\Vheat breeding 

objectives ('or tirol)ical tliviroll

lileilts. 1I: Proccedings of,Ilit-

National Conference on Wheat, 
Blarley and Triticale. 21-23 Jan. 
1984. Chiang Mai. Thailand. pp. 
369-381. 

Mann. C.E. 1985. Selecting and
 
inlrodueing wheatS (or the
 
environments of theit ropics. Ili:
 
Whecats for More Tropical
Environillitlls. A jlo)ced igs of 
the Il t t-fliatjoral Synposium. 
CIMMY'I. Mexico, pp. 2-1-33. 

Mani. C.E. and E.L. Saari. 1984. 
Bree(ling whtat for tiro)ical 
e-tivi rolllnells. hi: I1iotctdings of 
the rFourtlAsseilbl\' of' the
 
\Vheat lreediig Sotiet v of
 
Ausralia. TooNwooiba.
 
Qet-ns!and. Australia.
 

Satri. El.. 198-1. Polcltital areas lor 
whta ('llivat io ill tropical
lt\'irolilints. Ill: IProceedings of 

tit National Coif erenCe oil 
Wheat. 13arlev arid Triti-ale. 
2 1-23 Jan. 1984. Chiang Mat, 
Thailand. pp. 362-368. 

Saari, E.E. 1985. )istribution and 
tinlporlance of root rot diseases of
 
wheat. bare'. and triticale in
 
SonthIi an(d Sontheast Asia. lit:
 
Whteals for More Tropical
 
Ln viroiiiieIt s. A Iroeeediigs of'
 
tie littrIatlioiial Symp)sium.
 
ClNIMYT. Mcx io. pp. 189-195.
 

)aunrdcers. I).A. I.: 8-4. Agronom it 
-oistraints to w-,it cult ivatioll ill 
Iropic-al t'nvi'otnmnt'tits. Ill: 
lroceedi figs ",t the National 
(nilll'ceioe otl \\'heat-. 13al-'v and 
I'riticale. 21-23 Jan. 1984. 
C'hiang Mat. Thailand. pp. 
382-392. 

SauilIers. ).A. 1985. Agronomic 
Iiiallagell('ill issues or wheat 
)rodtlictmi in more tropical 
ciiviroiutis of Soitlicast Asia. 
Ill: \Vht'ats for More Tropi-al 
iivironli ets, A Proceedings of 
tle Internatioial Symposiun. 
C IMMYT. Mexico, pp. 260-264. 

145 



Table 1. Lines with outstanding performance in acid soils, 
Sumatra, 1984 

a International Triticale Screening Nursery and 
Nursery ntry nd 

b Helminthosporium Screening entry no. Variety or cross and pedigree 
Nursery 151 ITSNa 

C Aluminum Screening Nursery 83 Castor S' x vA - Arm S' 

X44621-4Y 2Y-iM-1Y-5M-OY 
84 Castor 'S' x M2 A-Ari 'S' 

X4,14621-4Y-3'- i M-IY- 1M-OY 
101 Cin-F5579 x FSI897/Trr 'S' 

X52471-!lY-IM-IY-6M-OY 
187 Spd 'S'- Pvn 

X54268-7Y. I -IY-6M-OY 

2nd HSN b) 

35 MIt 'S' 
CM47634-l-2M-3Y- 1M-2Y- IY
1MN-OY' 

108 [Jtip (7C-Pato(I)/LR64-hnia x 
Inia-13b)JAna 
CM37760-C-2 IY-2M- 1Y-3M-9Y-OM 

109 Kvz-3on [(21931-CH53 x An/Gb56) 
PjJSoly Yr Rcscl(13) 
CM33729-A- IM-,Y-3fv.- IY-OY 

114 Bava 'S' 
CM4 2374- 1 Y- IM- 1Y-2M- 1Y-013 

2nd ALSNc 
21 Mrng 

Table 2. Lines that yielded well in trials at three sites in the 
Philippines, 1984 

Yield of highest 
Yield check of respective Relative yield 

Line (kg/ha) trial (kg/ha) Check (% of check) 

C 169-6 1862 1535 Trigc 1 121 
C 152-7 1727 1535 'l'rigo 1 113 
C 749-2 1710 1509 Trigo 2 113 
C 220-5 1902 1711 lIrigo I III 
C 719-1 1663 1509 Trigo 2 110 
P1. 132 1603 1535 Trigo 1 10.1 
P. 136 1539 1535 Trlgo 1 104 
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Table 3. Development of national nurseries in Thailand, and number 
of stations reporting usable results 

Wheat 
Thailand 

Vjheat 
Thailand 

Barley 
Thailand 

Barley 
Thailand 

Observation Yield Observation Yield 
Year Nursery Nursery Nursery Nursery 

1980-81 5 
1981-82 9 5 8 
1982-83 10 5 6 4 
1983-84 10 6 5 4 

Table 4. Best lines across six locations in Wheat Thailand Yield 
Nursery, 1984 

Average 
yield

Rank Name Pedigree (kg/ha) 

I No. 144 Pi62-Fr x Pi62-Mz/Nlxp 2064 
2 SW 29 Quimori 79 2001 
3 UP 262 1971 
4 CMU 26 l3b-Coo x lnia66-Soty' 1885 
5 CMU 245 Chat 'S' 1876 
6 CMU 20 Jup-12300 x LR64-8156/Nor 138 
7 SW 23 I3ic 'S' (No.41) 1868 

11 Iia 66 Check 1774 
15 Sonora 64 Check 1708 

"iable5. Best lines across four locations in Barley Thailand Yield 
Nursery, 1984 

Average 
yield

Rank Name (kg/ha) 

I FNI3L 7701 1592 
2 FNB, 7704 1525 
3 FNI3L 7702 1451 
4 J'oti 1361 
5 Moll 118 (check) 1257 
6 lboo 47 (check) 1185 
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Peru
 
G. Vizquez G. 

introduction 
The pmrduction of 'heat and barley 
has declined in Peru over the plst 
few \,ears: lotal whelt production in 
1983 was 100.000 1. down from 
117,000 t in 1981. aid harlry 
productlioi fell 'om i 170,000 t ill 
1970 to 130,000 I iii 1980. To 
i-,,olcthIis probitlt ialid foster 

S1ll i i)l'(ll(' tlill,rill (rcal o lit' 
National Cereals Ph'oi,rgm ('N(') of 
[lhe Nalional lslilct, for rAgri-
cultl'i Researlch alld EX(eSioll 
(INIPA) was u'r'tt(l in 1983. '!'lc 
l)l'Og ilfl t lllitI I t s (i live tirops: 
wheat. barlev, oa s. tliticalt, ll r\'e' 
(inl desceldilg or 'rof illtpuil'tlillt'). 
The main obctives of' tlitPN(' at'e 
to: 

I)eCvlip width'IV lil)-l. 
inm pro\'CI tCI'II .)pkIslll 1*()I"[el'tl's 

fire 5ll11ll gt'aill creal-
)l'tlcill Zones: theltllltllilills. 
the coast, i11(d Ihe 'old. high 

plitean: 

• Develop illlprov1tl t'iltli' 
practi('t.s: 

" !.'ol1otc' tit' allli'alio 
alppropriate teelliiololgv: 

iof 

" Taill tc'lllcal hil'solil'l: itid 

" lncl'eas(' lol'uitli ll oii cirtills. 
pi'rticullalty wheat. whih is a 
basic coi l)li'i iof the'Peruv allntdit . 

CIMMY' wis invited to pal'tic'il)at(' 
it this )ro al I)' the lN-ruvini 
goveli-niclit . mlld (ir'ti('hs wili 
it( l)NC ill sc'vril wayvs. A simll 

grails breedel'r ws aissigti'd li Peru 
I)\ CIMMY'T to fhwilitiateli'cx-
Chalgt' of gc''llphltllalll 
infolaliat iuolbcut \ui lhttwo 
or.!panizationls. to he'lp 'walililid 
himprove' iirloim, practice.s 

limiig cereals pl'odu'tiol, an1d to 
join ii l seltlhlt i tll s. 'r l1ii g of' 
gernlliasin. (CIMMYT also takes part 
illtiailing1(ilin ical pel.onnel, both 
within and (lltside of Peru, 

Plant breeding 

Yield trials-hi t lie 1982-83 t'('('. 

adviatccd ilterials wire tested ill a
 
series of' itil'orti yield trials:
 

inte*rmediate antI prc liInIi'ry yield the cold (for ilstanice, Salcedo 
t'ials ,el'( conctiled a.- well. Liles Exp(ltintelt Stat ioni near lake 
hat pert doiwell chtiritig the "liticma). 'e'rtlihl \whelat lilies yiclded 
1982-83 ccle.arl'- "l'al u l , to 8.170 kgilm.listed il 1. 

,Ireliiinr. Mid si'wc, se,. c eltlicir cotlilisuitCIrno'diath. 

adlva'icd yiheld trials t'ill b1 tld prvented he iitial ol),jecti'es of' 
(llutmi wvhet' trit icail. 811(1I r.h tvinty V'i'n'al -ial- ftril. l bill 
\vwee also l)lahi.,d ill i lie ,83-8-1 rullized. illt'prodicl,'l of I'esh anId 
cy\vu'c. Thel'se trials, lbmscd il drlv tori'ge th'otl,l pi;lots wals 
airolloili'. disease,. iid it'ltl 'lt:l mI(isHld iliswitl. Yields of ip tlo 36 
ol)t.iilcd l'trl i tests atl v'riol:, si e.-, Ihil I sli foragt' ,lmlI I/la dry 
t lirolit h elll dilrniiig ILS')-S3. llat'cr wirt' iliill'(l tiull)i s(llc 
wc'i' rt'plic Itud lt several sites. prolt isil, Illltt'rhls. 'ht'ese r'll. 
Altogetel'. .17 litrl it's weic thilt' ) ('lltn il (Ililsil-csl tllg' lw 

pluII)plst'o tlts 


. of lie lt 

diStibIntCd to the lltaill Cei'l';- t crops alsto';tlit' 
J)nuli 'lls oi\. ilit .allt(l/or , 'lill shl ill(I )' eol' ,id't'(l 
ilid pronfisinlg lilies witl, tie hl .ilig\vll l plliln ccreals ri'tal'lh ill 
ipolcinlial[ to be'co€)l comln,'rw 'ial Ohw hih la~hl l l isrea;. 

vil'iCti'( Xx'er icllifit.d, lI'li12 
viel tials (if spriig wll it tliills Disease resistance--TI e wl at 
1"or1 ih ll lllll[aillll" I-tgioll ilicluII t]c( \'alic'lic' Illost w ich v, gro lil ill Peil 

36(0 ildv lllt'd il lutill Villi (l"lolt'lt'i' A llril'. Il llilr'h lt's llt('. 
mill t'lict'k vi'ietlii's. Ollaia bivo wliats: aikli Ngrit. 

E1':laquilhl. ;111 ('IlilI)i tlurii 

\Viiltr wli; tr'ills ill l O'Wllil.highllwlit';is) l pliLitd )y snI:WCI)
liliat lit'l Pllo \\ 'ri' s'vc't'lvtibiltitv to litiim'croiislist'as es. "l'Ties 
aiffected by hlost dllrin1 di lt'rt'lit iict'lide stripi rust (I1 i''ilii 
growih stlges. 8I1(1 liv hail t.l ' si ti'lllis); SIil lust (I1 'l''jiia 
halrvesi. Graill vitckls tritl€i sllil' oraizll/s): s pturii htealhitlh alid 
trials were recl tel to barel Iv other less l)r'tvllit t*oiar tliw;ases130 
kg/ha. At sites better prot'ict'l rulii l"nsar-illml Iliv'ale, Alle'r'iaiii 
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triticina);bacterial diseases 
(Xanthonionastraislucens);and 
root rot caused 'v Ophiobolus 
graminisand Fasaritmi spp. With 
the exception of Ollanta. which is of 
intermediate height and susceptible 
to stem rust, these varieties are also 
susceptible to lodging, which limits 
their potential to benefit from nore 
advanced crop management 
technologies. 

Inia CJ-102 and Gavihmn, the new 
semiidwarf varieties derived from 
CIMMYT germplasm, possess good 
resistance to rust and moderate 
resistance to foliar diseases, but are 
not yet widely used. It is u1ncertain 
whether these new varicties will 
easily replace the talier cultivars, 
which are planted on sloping laihd 
and receive few or no technological 
inputs. 

Future breeding work-The PNC 
prograln will ccitinuc developing
improved lines of wheat and other 
small grain cereals that arc vell 
adapted, high yielding, and possess 
adequate resislance to the most 
prevalent diseases. These lines 

should also have plant types 
suitable for the areas and conditions 
where they will be grown: such 
areas include the uneven, rainfed 
terrain of the mountains, and the 
irrigated, high-input environment of 
the coast, Finally, given the in-
creased interest in winler wheats in 
Peru. the program should develop 
winter varieties for Ihuman con-
sumlption and/or animal feed to be 
grown in the high plhltau of Putio. 

Promising materials for each of the 
cereals within the mandate of the 
PNC arc at various stages of 
development, and some of these 
have the potential !obecoic 
commniercial varieties. TheiPNC will 
continue to r'cquest germplasm from 
national and international organi-
zations for use in the breeding 
program, 

Production 
Training course-The pVoduction 
program was initiated with a three-
stage training course designed to 
instruct crop specialists on various 
aspects of wheat production. 
Recommendation domains, 

.. " 

* 

V".~ -4 L 

~~~~~ ~ 

} { 1" " ,g ,v'" ao, 

: ,: ' " ... 'recommended 

4 , I ,,along 

,',

!;,. .. .tq '
- ... , " : 


.
 
"," , 


I "," " ' "4' -. . . .., '! ',t 
i' " , 


priorities, and experimental design 
were discussed, and CIMMYT staff 
gave lectures oil crop management 
and tile diagnosis of problems in 
rainfcd wheat. Pilot trials on 
fertilization, weed control, varieties, 
and seeding rate were established 
and evaluated by course par
ticipants. Preliminary data gathered 
from the:sc trials were dranatic: 
trials that received no technological 
inputs produced yiclls ranging from 
153 to 1443 kg/ha. md trials that 
received recomnendtd technological 
inputs vielded from 2503 to 5346 
kg/ha. Final results of this research 
will be reported at the Third Annual 
Cereals Conference in September, 
1986. 

Production constraints-
Preliminary observations and results 
from the trials mentioned above 
show that one of the greatest 
constraints to wheat production in 
Peru, especially in the mountain 
region, is the lacl of fertilizer. The 
use of fertilizer could perhaps 
double or triple present yields. 
Observations at several sites 
indicated that weed control. 
particularly of Aveim Iztia and A. 
sterilis. might also significantly raise 
, yields. Research directed atwheat 

elimmaintg these production 
constraints should continue, t~aking 
into lecouniit restilt s of' the i9)83-84 
o "11~'- 11 trials. 

The vi;ricties and seeding rates 
presently' used i the iregion appear mountainitto be adequate: IS 

that mnultiplication 

and purification of'seed of preferred 
varieties be continued. This action . 

with appropriate reconi
mendations for planting, should 
satisfy current denands for seed 
and i~np o\,d technologies. 

Extension 
Program staff hosted field days for 
farmers and other groups in CUzco 
and I iuaraz. These evcnts had twoin t inl fu nc tion s : 1} to sh o wp o r-a 


farmicrs arid ot hers involved fin 
wvheat pr-odtct ion the advances incropping systems, and 2) to 
demonstrate to extension agents the

" .- "-importance of improved technology 
Dr. G. Vizquez (left), CIMMYT breeder working with the Natilonal Cereals 
Program (PNC) in Peru. 
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and tile need for close collaboration Seed Multiplication expand its research capacity and 
with farmers and researchers, Seed of preferred varieties was ensure the continuity of its work.
 
Extension workers were eneotniged multiplied to satisly the demand for 
 CIMMYT assists in the training
to use diverse methods of corn- adequate quantities of pure seed. process by selecting candidates from 
inuoniteating research resulls to For nilny y'ears, no seed had been national progi'ams for training

farmers, and to relay to researchers produced, and ilr'iers' fields 
 courses at the Cenier's headqlarters
the farners' needs for better contailned ats liuch as 50% in ix tIore, ill Mexico. and by organizing
alternative., to technologies already i three C,izco substations, additional training act itics outside 
in use. multitplication plot.s were planted Mexico. The (enter also arrannes for 

wilh Ollalla. lia (,J-102, Cholisaca. senior researchers to go to CIMMYT
Field diay's were also held to discuss Gavih'm, Illuiana, Cahuide, Sinchi. headquarters as visiting scientists. 
spring wheal. barley, and winter and other bread wheats: lBarba In 1984, -Jos' larra Ilerrera. Juanwheat produt., ;nl trials planted at Negra ditiimn wheal: and UNA to. Sails Mirand:1, and Jose Cabellos of 
several sites -'t the high plateau Grignon, La Malvina. and C''hada Peru wcre sent to CIMMYT for a 
near lPlo. Additional extension Criolla larleys. Largc-scale seen-illouth training corse. 
efforts included the planting of nl llil)lication of varieties for the 
deosllllStralioll plots ill falIllers, Sierra and soimne in lilt iplieal ion of At the I-NC. aeademie trainitog is 
f'elds in li llancNyo. -luaraz, and varieti's for the coast were done at allot her aspect of staff developne nt. 
(a.jalll'arc. and t wo deilnOstrationS coastal experiment stal:Ols du'ring 'l'ee i ,engineers,Gilbe:to Rodriguez
for producers ill tlie Maras areat winter. 1981. Production front these Soto, Graciela Menidoza, antd 
(altended by 31 and 52 farmers, n1eW sCd nur1FSTies is Conso'rvatiVely Eduartdo Valelncia SZ1iichez. 
rspe'ctiv\ly).i)iriug the subse.II lt est itaed lat 125-150 t of seccd for eininted to work ol iastl"rs 
cropping season. lie PINC. working tile siera, and 30 t of tle coastal degrees at lilt National Agrarian
in conjtunetion with :'xlcision varieties. Seed will he available for University (UNA) in Linia. Ren'
 
)ersonnel, should plant allo(ir spring plantiiig i Itle sierra ill Roiero. another engineer, 
went toseries of experinental plots in 198-1-85. and seed of the coastal Mexico to begini studying for an M.S. 

farmers' fields to denionstrate variety larticipaci6n will be rcady degree. In the futtire, the program 
prelimi nac-y recommendations tofor planting in winter. 1985. plans to give increased priorityformulated from trials conducted training production and extension 
during the 1983 84 cycle. Training personnel in addition to training 

Training of technical personnel is >lant breeders. 
essenial if a research program is to 

, - ' 

day exesookradrsachrIr~~fil ~ fo ~fames~ ~ 194~~sevra eehlodsustial.s" plne nea 

Ir 1984, several field days for farmers, extension workers, ani researchers were held to discuss trials planted near 
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Table 1. Most promising lines and varieties in yield trials, 1982-83 
cycle 

Variety or Cross 

Bread wheat
 
Pvn 'S' (Pato R-Cal/7C x Bb-Cno) 

Forlani-Acc 10 x Ana75 

MN 7231-Pvn 'S' 

C.79019 (Costa) 

Cno 'S'-Jar 'S' x 131 

Veer\, 'S' 

Sap 'S'-Mon 'S' 

S.75030 

Bobito 'S' 

Tonichi 81 

Pdgaz x Kal-Bb/Cal x Cno 67 


Durum wheat
 
Yavaros 'S' 

68112-Ward 

6F 112-Rugby/Ward 

Goose 'S' 

Tassili 77 

Geier 'S'-USA 0676 x Jo 'S'-Cr 'S' 


Triticales 
Beagle 'S'-M 2 A 
Coqui (IA-M 2 A x PJ62/Bgl 'S' 
IA-M 2 A x P1 62/Bgl 'S' 
(Drira/M2 A-IA x Ars) Ah 'S' 
FS. I 795-.LIo' 
Cin-Ciio x Bgl 'S'/LMrino 'S' 
IRA-Drira 

Barley 
Boy2 -Surb 3 x CI. 12225-16d 

3Boy 2 -Sirb x C1.12917-311 
Bcn-Tj 
Api-C1167 (Iova-Call/Hr x Ps/Api 
C.7509 
Cf.12971 -CI. 12966 

No. of 
sites 

4 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 

3 
1 
1 
1 
1 
1 

2 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 

Yield range 
(kg/ha) 

1520-3300
 
1677-3220
 

3250
 
6218
 
1590
 
2916
 
1640
 
5757
 
7237 
2817 
2733 

769-1800
 
2100
 
3220
 
1676
 
2160
 
2033
 

1350-5000
 
2240
 
3776
 
1703
 
2430
 
3016
 
2005
 

1455
 
2916
 
3500
 
4400
 
5437
 
1474
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Pakistan
 
P.R. Hobbs 

Introduction 
In 	 1984, Pakistan produced 10.9 
million tons of wheat from 7.2 
million hectares. the first decline in 
production since 1977 (Table 1). The 
shortfall inl production -- yields were 
17% below the target set for tile 
y'car - was caused primarily by a 
record drought (Table 2). Late 
planting of wheat after cot too, rice, 
and sugarcane crops, combined with 
high tenpcratures during the grain-
filling stage, also reduced yields. 

These production factors suggest tlie 
following research strategies for 
stabilizing wheat yields inilPakistan: 

* 	 Developing wheat lines that are 
heat tolerant during maturation. 
and suitable for late planting: 

* 	 Basing research on cropping 
patterns to fit wheat into iore 
intensive cropping svstc'ms 
following r-ice, cotton, and 
sugarcane: 

, 	 Increasing research on barani 

wheat: and 


* 	 Developing lines with stable 

disease resistance. 


Plant Breeding 

New releases-3reeding work was 
active in 1983, andthree new wheat 
lines from the Ayub Agricultural 
Research Institute (AARI). 
Faisalabad. were approvedl by 
national and provincial seed boards: 

" Faisalabad 8:3 (V7039 1) 
Fury//Kal/lib 
(CM37 138-42-1 M-5Y- I M-;.VSY-OA) 

* 	 Kolinoor 83 = %779353)= On' 
F. 158 FII/dl/M xif n 'S /2 * "li a'
 
63/3/CoP
 
(CM379i,7-I- i '-5N1-OY)
 

/3/tio/7c!/lHb/(i 
(CM323,17-3M- IM- I Y- I K-OA) 

Faisalabad 83 is a substitute for 
Sonalika for late planting, Kohinoor 
83 is recommended for its medium, 
maturity, and Barani 83 Is lntended 
for barani areas in the Pun jab. 

National uniform yield trials-
Numerous national yield triils are 
administered by the nattnal vleat 
coordinator, and lines to he included 
in these trials are set! to the 
national center by provincial 
breeders. In 1983-8-, five different 
types of trials were prepared and 
sent out: each type was separated 
into replicated trials for experintci 
stations and uinrcplicatt!d trials for 
fairmers' fields (Table 3). A total of 
230 trials were dispatchrd, ild 150 
were relurned for analysis. The final 
report on il' trials includes infor-
llation oil yield, yield conpollents, 

and disease tiata collected 
throughout Pakist, ii. 

International nurseries-Iakistan 
received 65 iitcrnalional nurseries 
,'rom CIMMYT (26 bread wheat, 8 
durum. 11 Iriticale, 10 barley, and 
10 others) and 66 frol ICARI)A (30
bread wheat, 19 durum, 13 harley, 
and 4 triicale) ill 1983-84. Thest' 
nursciies we-e dist ribu ted to 10 
different institutions ill the country; 
iost nurseries were planttd at 

provincial research centers. \Vitl I ite 
exception of results from the F2 
nurseries, all data for CIMMYT 
niurs(;'ies were coinpletel anl 
returned to Mexico for analysis, 

Baluchistan 

Plant Pathology 
I)iseases were no( a problen In 
1984, with the exception of loose 
smut (LjstihLuo iiuda f. sp. tritici), 
flag Sill,lt (Urocystis trici), and 
Karnal bunt (Ncovossin indica or 
Tillctia indica). Loose and flag sminuts 
continued to affect crops in file 
PItulab, but resistant gcrm)plasm is 
being found, as are various 
chemicals for controlling the two 
diseases. Krnal butl increased iin 
Pakistan, and was found in the 
Ptinjab and the Northwest Fronticr 
Province (NWFII). Collaborative 
rt'searel with CIMMYT on this 
disease will begin in 1985. 

The Cereal lDisease Rcsearch 
Institllt (CI)RI) assisted plant 
brceders withIthe inoculation and 
tvaluiation of cereal diseases. The 
National Wheat 'Disease Screening 
Nursery (NWDSN), conlaining all 
commercial \,arictits. many 
advanced lines, and ilch of tht 
segregating ma terial available in 
I)akistan. was grown at 1 1 key 
locations throughout the country. 
This nursery was incculated and 
lines were evaluated for rust SuS
ceptibility. The NWDSN was also 
scat to Kenya, Turkey, and Bangkok 
for international t'sting. The 

rth West Samu 
ntirProv. and 

I 

. 

-
-, 
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International Disease Trap Nursery 
(IDTN) was planted and evaluated at 
six locations in different provinces of 
Pakistan. 

The National Wheat Rust Trap 
Nursery (NWRTN) w%'as planted and 
data taken at 16 locations. Lab-
oratory and greenhouse studies 
continued to idetify genes for leaf 
and stripe rust resistance in local 
gerniplasm. The analysis of these 
data was given to breeders to assist 
them in their work. 

Three steps are involved in the 
program's on-larn research 
approach: 

An inforlal survcy is taken in 
an agro-ecological area where 
wheat yields have potential for 
improvcment, to identify 
"recommendalion domains." 
select sites for experiments, and 
obtain al under',tanding of' the 
farmers' situation; 

0 Formal surveys, including yield 

quantitative data on potential 
yields. Farmer-managed plots 
are also used to obtain 
information on farmers' yields 
when improved praeticecs are 
adopted. 

In 1983-84. agronomy research 
i'ocused on dr'land barani and rice
wheat areas in the Pinjab, and on 
maize-wheal areas in NWFP. Most of 
the work was done by wheat 
agronomists and social scientists at 
NARC. with some assistance from 

On-farm Research Program 
Since most wheat in Pakistan is 
grown in a double cropping pattern 
in which the interaction of the two 
crops is significant, the CIMMYT 
wheat agronomist developed a site-

assessnent aid crop ii' nage-nlent surveys, are' used to get 
more specific qclantitat i\e data 
for the area and to identily 
issues for research: and 

* A series of researcher-managed 

provincial research and extension
personnel. Preliminary surveys. 
yield assessments, and crop 
management studies were 
conditced in these areas. 
Agronomic trials on tillage. varieties, 
i'eitilizer. and wecd control were also 

specific program of on-farm research 
in Pakistan. This program was 
carried out with tlie cooperalion of 
agricultural economists and special 
attetion was given to the farming 
system at each site. 

agronomic experiments using
recommended techniques for 
land preparation, stand 
establishment, fertilization, and 
weed control is carried ott Ol 
farms in selected areas to collect 

undert aken. 

Research in 
Dryland Barani Areas 
A yield assessment and crop 
management study were continued 

I; ORO 

'L 
1i 4. 

- i i 7 
4 I 

tt1j 1, r 

Dr.P.Hobbs (right), CIMMYT scientist with the bilateral program in Pakistan, examines wheat trials with a colleagueat the National Agricultural Research Centre, Islamabad. 
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and expanded in Rawalpindi and 
Islamabad districts in 1984. The 
studs, consisted of a crop cut survey 
and interviews with fairmer:, to 
determine which cultural practices 
were used ill specific plots, 

Tlre locations receiving different 
aiounts of rainfall were included in 
tile study: Islanlabad district (high 
rainfall, more than 895 ninm/yr), 
Daultala (miediuil rainfall, 640-895 
mm/yr), and Chakwal (low rainfall. 
less thall 640 ".-n). Results for 
Daultala were compared with the 
previous year's data: average yields 
in 1984. a dry year, were 1.77 t/ha, 
in contrast to 1.9 t/ha in 1983. a wet 
year. This 7% difference is sur-
prising since the only rainfall in 
1984 fell during tei booting to 
flowering growth stages. Despite tile 
dry year, farmers' application of 
fertilizer increased by 16% for 
nitrogen (to 44 kg/ha) and 20% for 
phosphorus (to 37 kg/ha). 

Yield is strongly related to rainfall, 
but is also influenced hy manage
mert practices, which vary from tlhe 
low rainfall area of Chakwal to the 
higher rainfall areas of Islamablad 
and Daultala. Yields and details of 
some management practices were 
obtained from 298 farmers sampled 
in the 1984 survey (Table 4). 

Agronomy trials-Researcher
managed agronomy trials were 
conducted around Daultala and 
Islamabad to evaluate fertilizer 
levels, tillage, variety, and weed 
control. The biggest factor found to 
be limiting yields was tillage. 

Figure 1 shows average yield 
responses to different tillage 
treatments from three locations. The 
1.3 t/ha (52%) increase in yield 
using the moldboard plow is 
economically very beneficial, 
because although the cost of each 
pass with the moldboard is higher 
than the cost of each pass with the 
cultivator, fewer plowings arc 
needed following the deeper 
moldboard plowing. Farmers usini 
the cultivator (which is tile 
traditional implement) frequenly 
plow fields seven to eight tlnrvs 
before planting. 

A closer look at the treatments 
indicated that the mlajor reason for 
increased vield in plots where the 
moldboard plow was used was that 
plants rooted better and nutrients 
and water were more available. In 
plots plowed by tile cultivator, a 
thick. compact soil lavr below the 
-1 inch plowed surface greatly 
reduced rooting depth. Wvcds and 
root rot diseases dcercased in plots 
whicre the moldboard plow was 
used. ThIie Iaill constraint against 
lit! adhopt ion of this elinicluc is thlie 
unavailabilitY of disc or nioldboard 
plows. 

Fertilizer trials-In the ftrlilizer 
trials. a significant nitrogetn X 
phospho'lis interaction occulrrcd ill 
plots whei tle moldboard plow was 
used, bt no interactiomi was 
obser ed ill plots )lowed with the 
cultiv-t or. The main effects of 
nitrogen and plhosl)horus were 
significant for loth t illage treat-
imenits. Averaged over all plots, 
nitrogen and phosphorus were equal 

4

3 3

(2 
2 

in eflect in plots where the 
cultivator was used, and the effect of 
phosphorus was 7% greater in 
deeply plowed plots. The best 
fertilizer levels in the deeply plowed 
plots were 50 kg N + 70 kg P205, 
whereas ill the cultivator plots 
nitrogeln responscs occurred up to 
100 kg N and 70 kg P205. Longer 
term cxp)eriinvlns are planned to 
look at possible residual cffects of 
fertilizer ili plots where Ilie 
nioldboard )low was used. Potash 
ga'e no rcsponse in anyiplot. 

Research in Rice-Wheat Areas 
Planting wheat after rice is a mnajor 
cropping pattern in tl I Punjab. 
Secdbcd preparation and stand 
cstablishinlclt are l)roblems when 
wheat is planted after rice, 
especially ill heavier soils. These 
l)rohl'nlis increase when wheat is 
planted after Blasmati rice because 
t ite for land lreparation is limited 
and rict residues are greater. 

Cultivator Sub-Soiler Chisel Moldboard 
Tillage treatment 

Figure 1. Grain yield x tillage treatment averaged over three sites in Pakistan, 1984. 
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Varietal use-More than half of the 
farmers in rice-wheat areas use 
banned varieties, especially Yecora: 
only 16% of the farmers use 
varieties released within the last five 
years. Since Yecora is suscCtlible to 
stripe and leaf rusts, a serious rust 
epidemic is a real danger. 

Yield trials-In tilie national 
uniform yield trials. Pak 81 was thfi 
highest yielding variety at all site;: 
it averaged 0.59 t/ha more than the 
average yield in six varietv trials, 
and performed better than other 
entries even when planted in 
December. Since this is the only 
variety with stripe and leaf rust 
resistance, it is important to 
promote Pak 81 in t%- rice tract, 

Weed control-The . 'leedPhalaris 
minor is a serious problem in one 

fourth of the wheat fields, re(teCing 

yields by an average of 25%. The 

predominant means of controlling 
Phalarisminor is through rotation; 
farmers grow a fodder crop in weedy 
wheat fields once every five years. If 
the herbicides currently available 
were used at recommended (loses to 
control this weed, a 500 kg/ha 
increase in grain yield would be 
necessary to pay for the added cost. 

Wheat yields in the rice tract are 
low and quite variable. The average
yield from 152 samples was 1.8 
t/ha, but 20% of the fields yielded 
under I t/ha and only 7% yielded 
over 3 t/ha. Fields where high yields 
were obtained generally had lighter 
textured soils, wheat was planted 
after maize or crops olher than rice, 
the crop was planted earlier and 
received more irrigations, and 50% 
more nitrogen was applied. Con-
versely, fields from which low yields 
were obtained usually had been 
planted continuously to vheat for 
three or more years in the rabi 
(winter) cycle. usually followved 

basmati rice, and were seriously 
infested with phalaris. Multiple 
regression analyses confirmed these 
observations. 

Research in 
Maize-Whea' " :eas 
Wheat yields it... ,igated maize-
wheat aras of the NWFP were 
higher than in the other two areas. 
Average yield measured freni 150 
samplles illthe survey was 2.8 t/ha. 
Twenty percent of the fields yielded 
under 2 t/lia and another wentyv 
percent yielded over 3.5 t/ha. 
Multiple regression analyses aiidl a 
comparison of practices iii these two 
yield groups showed [hat fields fro1 
which the best yields were obtained 
were more often planted after 
tobacco-nmaize, received addi ional 
land )rel)aration, were planted to 
Pak 81. and given ph,&phiorotis 
fertilizer. Fields il which yields were 
lo\ had usually been plated
conitinuiously to wheat in the rabi 
cycle and were infested with 
broadleaf and plialaris weeds. 

Agronomy trials-Agronoiry trials 
con nfirmed the berefits of using P ak 
81, phosphorus fertilizer, and 
herbicides. 'lhe best wheat variety 
averaged over eight sites was P'ak 
81, producing 563 kg/ha more than 
Sarhad 82 (Bobwhiht 'S).'hcse two 
varieties are the only ones resistant 
to the stripe rust races illPakistan. 

'Ihere was a significant effect of' 
nitrogen (57%)and phosphorus 
(27%) oil yield averaged over tile 
nine siltes harvested, arid a 
significant nitrogen x phosphorus 
interaction of 16%. Phosphorus use 

was very profitable, with a marginal 
rate of return on capital of 266% for 
ilie first 70 k I of P 2 0 5 aild 169% 
for an additional 50 kg. 

llerbicide trials denilonstralted tie 
importance of good weed control. 
Yield increases from 10% to 16% 

over the control were found with the 
phenoxy broadleaf herbicides and 
from 17% to 22% with the 
substituted urea compounds that 
control both broadleaves and 
grasses. Yield increases for the
 
su',Stituted ureas and phenoxys
 
were 690 kg/ha and 430 kg/ha,
 
respectivcly. 

Kaghan Summer Nursery 
Work at the Kaghan Station 
(O,,ti nued to inprove. During 1984. 
breeders were able to grow, select, 
advance., and produce seed with 
resistance to tih rusts and to 
powdery mildew. 

Training 
Fivc seicilists attended short-term 
training coirst's at CIMMYT. and 
eiglrt oteris atten(ded conlerences or 
traveled outsidc Pakistan as visiting 
scintists. 

A thiree-week weed science training 
course, attended by 30 participants 
fron Pakistani research and 
extension progralis andtl iversitics. 
\was held in Islanabad in January. 
Consultants and materials came 
froun IPPC (Oregon State University). 
and USAII) supplied funds. The 
course was made possible through
 
lie cooperation of six illterralional
 
and national orgtanlizations.
 

During tilr'fonrth annual wheat 
traveling semiiniar i March. 28 
scientists \wnlt hforn Karachi to 
Peslawar to evaiate I le seasolls 
wheat crop. 'T1his totr enabled 
suicritists to rnet ca('l o1her, 
discuss conlirori probletmrs. and 
evaluate wheat research and w\heal 
ii Ili' field. 

A four-day Aiual \iWhcat Confer'
eniec wis held iii Islailabad in late 
August. II was attended b sciellists' 

froin all parts of Pakistan. and 
pal)rs were presented on all aspects 
of \vheilt research. 
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Table 1. Area, production, and yield of wheat in Pakistan,
 
1977-1984
 

Area Production Yield 
Year (1000 ha) (1000 t) (% 1977) (kg/ha) 

1977-78 6360 8367 100 1316 

1978-79 6687 9950 119 1488 

1979-80 6924 10857 130 1568 

1980-81 6984 11475 137 1643 

1981-82 6981 11631 139 1666 

1982-83 7269 12339 147 1697 

1983-84 7325 10936 131 1493 

Table 2. Rainfall and temperature data for Pakistan, Islamabad 
District, 1983-84 and 21 year average 

Rainfall 
1983-84 Average 

21 year temperature 
average (as % of ( 0 C) 

Month (mm) (mm) 21 yrs) 1982-83 1983-84 

Septembcr 72 221 307 n.a. n.a. 
October 25 58 232 n.a. 19.3 
November 15 0 0 n.a. 16.1 
I)ccelmbcr 23 1 4 ii.a. 11.5 
January 50 0 0 9.3 9.1 
February 68 106 156 10.6 11.4 
March 77 97 126 14.5 18.9 
April 60 25 42 18.7 22.0 
May 47 17 36 24.6 29.0 

Total 443 525 119 



Table 3. National Uniform Yield Trials, Pakistan, 1983-84 

Name 

No. 
of sets 

dispatched 

No. 
of results 
returned 

No. of 
entries 

a A = Replicated for experimental 
stations, 
B = Unreplicated for farmers'fields 

Normal maturity Aa 
B 

33 
44 

29 
24 

19 
19 

Early maturity A 
B 

31 
36 

26 
19 

12 
12 

Rainfed A 
B 

16 
19 

10 
8 

12 
12 

Durum/Triticale A 
B 

12 
14 

12 

7 
10 
10 

Barley A 
B 

11 
14 

8 
7 

10 
10 

Total A 
B 

103 
127 

85 
65 

63 
63 

Table 4. Summary of yield and management practices in 
areas of Punjab, 1984 

the barani 

Factor Chakwal 
Site 

Islamabad Daultala 
All 

sites 

Average rainfall (mm) 
No. of samples 
Yield (t/ha) 
Percentage farmers 

apply nitrogen 
Kg N/ha 
Percentage farmers 
apply p)hosphortIs 

Kg P205/ha 
Percentage farmers use 

farnivard inanure 
Percentage farmers use 

new varieties 

640 
63 

0.80 
40 

60 
29 

46 
44 

37 

895 
125 

1.93 
83 

57 
63 

44 
27 

95 

640-895 
110 

1.70 
91 

50 
66 

56 
26 

88 

-
298 

1.63 
77 

54 
57 

49 
31 

80 
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Bangladesh
 
L. Butler and M. Guler 

Introduction 
The Extension Directorate of 
Bangladesh estimated that in 
1983-84, 635.370 ha acres of land 
were planted with wheat. from 
which about 1.2 million tons of 
grain were produced. These yields 
might have been far lower, because 
lack of rain in November and intch 
of December, 1983, forced inany 
farmers to plant late. Ordinarily, late 
planting would mean a shorter 
growth period and reduccd yields, 
but temperatures at the end of 
February and beginning of March 
were cooler than average, effectively 
extending the cropping season by at 
least 10 days. During March and 
April, when there is usually a high 
risk of violen, prc-mOinsoon storms, 
the weather was exceedingly (ry 
and ensured the safe harvest of the 
delayed crop. 

Although the dry conditions wvere 
favorable for harvcsting the wheat 
crop, they delayed the planting of 
summer rice (a us) and produced 
water stress in winter rice (boro} in 
many parts of the country. Monsoon 
rains, beginning in June and lasting 
through September, caused wide-
spread destruction of crops and 
property. This crisis, combined with 
the threat of fimine (averted 
through intensive relief efforts), has 
focused much attention oil the 
1984-85 wheat crop in the hope that 
it will provide grain for persons in 
areas damaged during the rains. 

Breeding 
The -favorable date (Nov. 15-30)
late date (Dec. 15-20)" planting and 
selection system initiatcd in 1982 
was continued., with some modi-
licatiwns. under irrigated and 
dryland conditions at all regional 
stations. One of thie results of using 
this systill was the reduction of 
material in advanced trials: material 
Unable to produce as well at late 
dates of planting as the predominant 
c(mmcrcial varicy, Sonalika. was 
eliminated carly ini Ithe sclcctiolu 
process. Only ight lines were 
included in the most advanced 
replicated yield trials o! 1984-85, 
compared with twice that number in 
1982-83. Since this system permits 

a rigorous evaluation of material, 
greater confidence, resulting from 
stronger supporting data, will 
accompany applications for a 
potential variety's release. 

In 1.q985, the program hopes to 
release the advanced line Inia/3/ 
Son 64/P4 ,_16O,'/Son 64 (K 6841-
2A- 1A-OA), which has performed 
extremely well under tctilg. This 
line may' become the best alternative 
to Sonalika that the national 
program has been able to offer (in 
1979. Balaka was released, followed 
by Kanchan, Ananda. t3arkat. and 
Akbar in 1983; Ananda, Barkat, and 
Akbar are of dirccl CIMMYT origin), 
Two other promising lines. Mon/Vil 
(CM 59062-1Jo-OJo) and Car//Kal/13b 
(Cm 41182-K-9M-IY-1M-2Y-OY), are 
being evaluated in on-farin trials, 

Pathology 
At the central Bangladesh 
Agricultuiral Research Institute 
(BARI) station at Joydebpur. 
1983-84 nurseries were inoculated 
with leaf rust derived from naturally 
occurring populations collected and 
preserved during the previous 
season. Early and severe infections 
wet,. observed on susceptible plants 
in all nurseries as well as in suscep-

. 

0 

tible border rows. The critical ne -d 
of artificially induced epidemics was 
indicated by the susceptibility of 
about 50% of the entries in the 
advanced yield trials. The 
consequences of an early natural 
epidemic on susceptible commercial 
varieties (the most widely grown 
varieties. Sonalika and Inia 66, are 
fully suscelptible) were also 
dramatically illustrated. 

Increased emphasis was given to 
identifying lines resistant to 
Hclmintthosporium sativi'ni. Reason
able levels of resistance were 
observed in lines from several 
nurseries, but the problem of 
incorporating this resistance into a 
suitable background remains an 
obstacle to its use. I-owever, earlier 
maturing ano apparently resistant 
material from the CIMMYT F 2 
H-iclmint hosporium nursery. which 
included crosses to adapted 
material, was selected. 

The soil-borne pathogen. Sclerotium 
rolfsii, was a potentially severe 
problem for the 1984-85 season 
because November and December 
were warmcr than usual. In many 
trial plots at BARI, Joydcbpur, plant 
populations were significantly 

Joydebpur 

acca 

O 0.. 

. 
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reduced. The Plant Pathology 
Division reported that a similar 
situat!on was observed on farms in 
many areas. Studies must be 
undertaken to identify helpful 
prophylactic measures. but the 
pathogen is notoriously difficult to 
control. 

Agroromy 
Station studies-In station 
experiments, the effects of six dates 
of planting on yields of seven 
varieties of wheat were observed, 
Varieties develop,-d by the BARI 
Wheat Centre varietal improvement 
program were fully competitive with 
Sonalika even If they were sown 
late, and could be expected to yield 
more if planted on more favorable 

II 

dates. In other experiments, 
minimum tillage (no plowing) was 
compared with more traditional 
tillage practices (3-5 plowings). 
Although no significant differneces 
in yield were measured between 
wheat sown on minimally prepared 
and traditionally prepared land, 
minimum tillage enables farmers to 
realize substantial savings in labor 
and animal energy. Mnimum tillage 
experiments conducted on the 
station will be performed on farns 
in cooperation with the Soil Physics 
Division of BARI. 

On-farm studies- Farmors 
generally maintain that wheat 
reduces the yield of the summer 
rice crop. Longer-term fertility 

IVIA 

kil 

experiments were established to 
study the residual effects of 
nitrogen, phosphorus, potassium, 
and sulfur fertilizers applied on a 
wheat crop followed by an early
maturing summer rice crop. 
Although summer rice yield results 
have not vet been received, data on 
the response of wheat crops to 
fertilizers are available. The lack of 
nitrogen, phosphorus potassium,,
and sulfur applications resulted, 
respectively, in 47%, 16%, 11%, 
and 5% yield reductions (averaged 
over all sites). These results 
demonstrate the continuous need of 
nitrogen and phosphorus fertilizer, 
particularly nitrogen, and indicate 
the increasing requirement of 

Dr. L. Butler, wheat scientist with the Bangladesh bilateral program, based in Dacca. 
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potassium and sulfur. These 
experiments will continue in the 
1984-85 cycle, 

Extension 
Varietal promotion-As described 
in an earlier report, during the 
1982-83 season a varietal promotion 
program was begun, in which new 
varieties were distributed in on-farm 
demonstration kits Kits for the 
1983-84 season contained Sonalika 
and one of four new varieties (500 
contained Kanchan, 500 , nanda, 14 
Barkat, and 14 Akbar); 1028 kits 
were planted and managed by 
extension personnel. The total yield 
of grain and seed was retained by 
the farmers, who were encouraged 
to store a quantity of seed and to 
sell some to their neighbors if their 
opinions were favorable. This 
program is still the most efficient 
means of introducing and, even 
more important, disseminating new 
varieties. Five hundred kits 
composed of all four varieties plus 
Sonalika were distributed for the 
1984-85 season, 

Farmer training-Extension 
personnel and 30 farmers living 
near two regional stations took part 
in one-day training sessions in a 
pilot training program. Simplified 
lectures on breeding, patholrgy, 
agronomy, and seed storage were 
given in the morning, and in the 
afternoon at each respective station 
participants observed nurseries 
demonstrating (he plant 
improvement process. The farmers' 
response was very encouraging; this 
program will be expanded if possible 
in 1985. 

Tnc project also sponsored a seed-
storage training program in the 
northwest for 900 farmers, and two 
farmers' field days at regional 
stations, each attended by nearly 
1000 farmers. 

Training 
In-service training-Four trainees 
attended courses at CIMMYT. 
Mexico. Two trainees, Messrs. Hydar 
Ali Mollah and Md. Anwar Shahecd, 
both of the BARI Plant Pathology 
Division, studied breeding and 
pathology. The other two trainees, 
Mssrs. Md. Saifuzzaman and Md. 

Islam, of the Agronomy Division, 
BARI, took part in the rainfed 
agronomy course. 

Visiting Scientists-Dr. M.H. 
Mondal, Director (Research), BARI 
and Mr. Ashraful Islam, Crop 
Production Specialist, RARS, BARI, 
Ishurdi, observed CIMMYT Maize 
and Wheat Programs at El Batan in 
September. Mr. Islam also attended 
the Symposiunl on Wheats for More 
Tropical Environments sponsored by 
CIMMYT and held in Mexico. 

Graduate Students-Four of seven 
scholarships provided by the project 
are in use. At North Dakota State 
University (USA) in November 1983, 
Mr. A. Samad began working toward 
a niaster's degree in plant breeding, 
and Mr. Md. Badaruddin began 
working on a doctorate in 
agronomy. Mr. A.B.S. Hossain 
entered Kansas State University 
(USA) in January to begin studies 
toward a Ph.D. degree in plant 
breeding. Mr. Kazi Benozir Alam 
began to study for a master's degree 
in plant breeding at the University 
of Missouri (USA) in January. 
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Turkey 
B. Skovmand 

Introduction • 	 Initiate training for young These varieties arc being evaluatedThe objective of this bilateral Turkish scientists ill Turkey and in a replicated yield trial in Ankara. program, funded by the United at CIMMYT. Erzurum, Eskisehir, Edirne.Nations Development Program, is to Yesilkoy, and Diyarbakir, and arestrengthen the National Cereal During the initial period of the being studied for disease reaction inImprovement projects in Turkey, project, from March through Izmir. About 250 foreignthrough improving and stabilizing December 1984, the establishment introductions, those varieties forgrain production in the country. of a germplasm exchange system which enough seed was available,
Since wheat is the most important received priority. Aside from are being evaluated in the samecrop in Turkey and is grown in 66 international agricultural ccnt,.rs locations in an unreplicated yield
of the 67 provinces, the bilateral (CIMMYT and ICARDA) and other trial. 
program is nationwide and works institutions involved in small grain
with 11 research institutes. It should cereal improvement (e.g., Oregon Nearly 500 introductions, for whichbe emphazised that all of CIMMYT's State University, USA). many less seed was available, are beingactivities are carried out wi',hin the programs throughout tile world were evaluated in unreplicated trials inrealm of the Turkish Cereal invited to participate in seed Ankara and Izmir. This split shouldImprovement Project. 	 exchanges with the Turkish allow identification of winter, spring, 

program. Small samples of and facultative types. A further 500Crop Research 	 commercial varieties and advanced introductions with very smallGermplasm development-The lines were received from almost 100 amounts of seed are planted in Izmirimmediate objectives for germplasm programs. These materials will be for initial evaluatio;. and seeddevelopment are to: evaluated in the 1984-85 cycle, multiplication. 
which started with fall planting in" Establish an international gurm- 1984. Nursery distribution-Four typesplasm exchange and distribution of material were sent out to
system that will allow Turkey to Evaluation of foreign 
 programs that responded to thebenefit from improved germlasn germplasm-Foreign bread and Turkish Cereal Improvement

developed in other countries, and durum wheat varieties in the Project's redluest for seed: the winterpermit other countries to benefit Turkish program were collected and wheat screening nursery, springfrom materials developed by the formed into a nursery. This matec'ial wheat screening nursery, diseaseTurkish program: is planted in Adana and consists of resistant material, and sets of 
121 bread wheals and 71 durum commercial varieties." Develop improved germ plasm for wheats. Larger quantities of

the different grain-producing commercial varieties expected to The winter wheat nursery was sentregions o! Turkey; adapt to Turkish conditions were to CIMMYT, ICARDA, China, Iran. 
obtained with the cooperation of and to Oregon and Texas (USA). The* Increase the understanding of breeding programs in Texas (USA) spring material was distributed tosmall grain diseases and their role and Bulgaria (Table 1). 	 Queensland and Western Australiain production: and (Ausiralia), and to Quebec and 

Alberta (Canada). Lines with bunl 
resistance were ";eIt to Oregon 
(USA). and sets of rujt-rcsistant 

Odirne 	 lines went to Kenya and Mexico.0 msun 
. "Y silkr - Adapaza Sets of (colercialvarietiesdeveloped by the program were 

Eskisenir roustituitd as follows:* Ankara Erzurun .	 a 

Izmir 	 I Winter bread wheat: Bolal 2973,*	 Kirac 66 Gcrk 79, Haym ana 79,q zmirDiyarbakir and Kirkpinar 79: 

' Adana 
• 	 Winter dti t@ui whc t:'' Cakniak 79, Tunca 79. and 

i Kunduru 1149: 

* Winter barley: Cuihuriyet 50,
W 	 OTokak 157/37, Yildirim, Obruk, 

and l3uzuk: 
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" 	 Spring bread wheat: Curnhurivet 
75, Ata 81. and Gonen: 

" 	 Spring dirum wheat: I)icle 74. 

Gediz 75. and Golgol 79. 


" 	 Spring barhley: Zaf-r 160. Yesilkoy 
387. Kocaogl, 69147. aid Yersil. 

A 	 total of 153 set; (list ribtiitcd 
to 23 countries. 

The wheat progirani rccci\,cd niany 
nurseries during 198-1: "'ible 2 
Suillllllrzes [holse r'(ivTd trOIli 
CIMMYT, Mexico. (IMMYT regional 
progralls and theil" national 
collaborlator; illthe Soltheril Colne 
regioii of South America. Ecuador. 
Kienya, and Pakistan also 
contributed nm-series to ile Turkish 
p)rograin. 

Tb irt v-three additional nurseries ( 14 
Cdurumvn whea.. 11 breah \vhea -wand 
8 barley nurseries) were receix-ed 

from ICARI)A. The Oregon State 
University program senl 10 
nurseries of winter nmlaterial. These 
nurseries wcre shared among 
appropriate inst-itliis. dcpending 
oil the growth habil of ite illiaterials. 

Advanced lines and new 
releases-T'l'te Tirkish National 
Cereal Improvel lnllt Pro jecl recetllY 
rcleasc(-d varieties of winIter- aind 
st)rilig-typ brcml wieats. dr 
\hwll'ats, and tarc*. Advanced lines 

of all crops have t)eci idcluilied and 
aire hin tegste(d lliltionlly ill 
colisidcraiion for fI ire rele;se. 
Solnic advacelld lills fromt tie 
willter cereal progrlis are listed ill 
Talhle 3. Table 4 lists promising 
spring br.d and duruin wheat lines 
de\'clol)ed ly the crcal improve-
illlit )r(graills. 

Wheat Production 
Rainfall patterns-Rainfall 
pat terns were abnormal during 

1984. Too nch rain was reeeived 
in 	 the coastal spring wheat areas 
during planting tine, So the alloulnlit 
of land sown wilh wheat (lecreased 
becauise late planting would affecl' 

the slimm"er or second crops. In 
soit lhilastel' Turkey. oillyN,about 
half of tlie lnonlnal anioulli of raiillll 
was received and this was illtile 
begilnning of the c'ycle. Ce real crops 
were short of" wat(r during tile 
grilill-fillilg period, and both total 
yield aid grlill weighl were 
redlced. 

Wiliter cleals reci\(l sifficicnt 
)isture dur'illg the willcr bilt no 

rai- fell after June 2 and test 
wVeights were lowered. It is 
estillti Ihil wheat llharvesthat te in 
Turkey was 17.2 million tons, an 
increaIse of 0. million tons o\er tile 
1983 lialrvest. which was sterely 
affcted by drought. 

Dr. B. Skovmand (right), of the bilateral program In Turkey, with Dr. B.C. Curtis and Dr. S. Rajaram. 
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In general, cereal crops were not 
attacked by diseases during the past 
season, with the exception of high
incidence and severity of tan spot
(Helminthosporium tritici-repentis) 
in the Western Transitional zone. 
Durum wheats were especially
vulnerable, and the program plans 
to begin screening for material with 
resistance to this pathogen. 

In eastern Turkey, common and 
dwarf bunts cause damage when 
farmers do not lieat their seed. 
Screening fbr resistant material will 
be expanded and is likely to involve 
other countries in the region. 

In the Clhkurova area, the spring 
wheat variely Orso was seriously
affected by leaf rust. Orso has been 
the main variety for a number of 
years, but its susceptibility to leaf 
rust is causing it to be replaced by 
newer varieties, 

Varietal Use Patterns 
The total amount ,f land planted to 
wheat in Turkey is 9,100,000 ha. Of 
this. 6.6 million hectares (73%) is 
plarited with winter wheat and 2.5
million hectares (27%) with spring
wheat. Bread wheat is grown on 
6.85 million hectares, whereas 2.5 
million hectares are devoted to 
duruln wheat production, 

Fifty percent of the total land area 
used for wheat production is planted 
to the new, improved varieties listed 
in Table 5. Older varieties (30%) and 
landrace varieties (20%) cover the 
remaining half of the land under 
wheat cuitivation, 

Among winter wheat varietes, the 
most widely grown are lezostava, 
Bolal 2973. and Kunduru 1149. 
Cakmak and Gerek 79 will soon be 
grown extensively in the winter 
wheat area, and Kirkpinar will 
probably replace Bezostaya in
Thrace. The most common spring 

wheat varieties are Orso, Dlcle 74, 
and Cumhuriyet 75. In coastal 
regions, new spring wheat varieties 
Gonen, Ata 81, and Lachich are 
replacing currently cultivated spring
varieties. Table 6 lists the percent of 
recommended varieties grown in 
each region in the country. 

Production Campaigns 
Most institutes working on cereal 
improvement have started on-farm 
demonstration programs conducted 
with the cooperation of the 
extension service. In many of the 
institutes, breeders implement the 
demonstrations, 

Results from on-farm demonstra-
tions conducted by the agronomy 
group at the A,-kara Institute 
indicate the impart such work can 
iave. Dipring 1984, the program
conducted 54 trials in 7 provinces in 
the Central Anatolian Plateau and in 
the Northern Transitional zone. The 
agronomy group conducted 12 of 
these trials, 7 in the Central Plateau 
and 5 in the Northern Transitional 
zone. Basically, the trials are 
demonstrations of new varieties in
combination with improved growing
tec-hniques. 

The widespread use of new, 
improved varieties in the Central 
Plateau would be expected to 
increase yields significantly over 
yields obtained from the local 
variety (Table 7). A new variety 
grown under improved management
in the demonstrations gave a 71% 
yield increase, and improved 
management with no change in 
variety brought about a 12% gain in 
yield over farmers' traditional 
management pactices. In the 
Northern Transitional zone, the 
improved varieties yielded 70% 
more than the local variety. In 
demonstration plots, a new variety 
combined with improved
management practices increased 
yields 142%, anti improved 
management without a change in 
variety gave a 41 % yield increase. 

Though no comparison to farmers' 
yields was made in another group of 
trials whose results are reported in 
Table 8, the data show benefits in 
yield similar to those obtained in the 
trials just described. 

Additional experiments, conducted 
near Sivas in the Central Plateau, 
studied the effects of herbicides, 
fertilizers, arid planting technology.
The use of herbicides raised yields
46%, while drilling seed produced 
yield gains of 26% over broadcasting
with a moldboard plow. Phosphorus
and nitrogen at 60 kg/ha increased 
yields 23%, whereas nitrogen and 
phosporus alone raised yields by21 %and 13%. rcspectively. 

It is anticipated that as farmers 
adopt these new varieties and 
management techniques, they will 
realize the production increases 
indicated in the experiments. 

Training 
Tuxkey-No formal trainiog course 
was offered in Turkey in 1984, but 
informal visits to review germplasm 
and methodology were made to the
following institutes: Ankara,
Eskisehir, Adapazari, Yesilkoy, 
Edirne. Samsun, Ersurum, 
Diyarbakir, Adana, and Izmir. 

A visit from staff of the bread wheat,
duruin wheat, and agronomy 
programs in Mexico was used to 
conduct a travelling workshop. This 
workshop gave two of the Turkish 
national staff the opportunity to visit 
the institutes and breeding 
programs in Adana, Diyarbakir, 
Ankara, Eskisehir, and Izmir. 

In-Service Training in Mexico-
One individual. Mr. Zeynel Yavus 
from the Ankara Institute, went to 
Mexico to take part in the 
Experiment Station in-service 
training course. Four other persons
have been selected for training in 
Mexico in 1985. 
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Table 1. Wheat varieties received in 1984 and yield-tested for 
adaptation throughout Turkey 

Origin Vailety 

USA 

Texas TAM 101, TAM 105, 
TAM 107, TAM 108, MIT 

Oklahoma Payne, Chisholm 

Kansas Newton. Arkane 

Colorado Vona, Wings, 

Mustang, Hawk 

Nebraska SioIxland. BrulC. 

BULGARIA Vratza. Dobrudja. 
Monchill. Sadova 1, Panda 

Table 2. Numbei" of nurseries received from CIMMYT, Mexico 

Type of material 
Bread 
wheat 

Durum 
wheat Triticale Barley Total 

Advanced lines 24 24 9 8 

Segregatilig material 6 15 4 7 

Disease nurseries 10 - - 2 

Total 40 39 13 17 // 109 

Table 3. Advanced lines of winter bread wheat and winter barley 

evaluated for possible release 

Line Institute Crop 

ES 7 Hylslop-7C Eskisehir Bread 

No. 55 RoImany//Sconl 5/Agent Eskisehir Bread 

EGVD 12 Tzpp/Bezostaya Ankara Bread 

EGVD 14 C069359 1/Ct k Ankara Bread 

69003 K.M. 1718/7C Halkeli Bread 

Bozok 82 Ankara Barley 

Obrik 82 Ankara Barley 
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Table 4. Advanced lines of spring durum and bread wheat evaluated 

for possible release 

Line Institute Crop 

Ata 81 lzmir Bread 

Lachlich lzniir Bread 

Y5E/?* Kal//Cut75 	 lzmir Bread 

Bobwhite 'S' Several Bread 

Veery 'S' (several sisters) 	 Several Bread 

Florida Line/Jilgero 	 Sakarya Bread 

Kop 'S' 	 Diyarhakir lread 

Win 'S'/USAO237//Gad 'S' 	 lzmir Durunm 

Oyca 'S'/Magh 'S'/lRiiff 'S'/Fg 'S' 	 Izmir Durum 

Bittern 'S' lzmir DUrurn 

Diyarbakir 81 	 Divarbakir Durum 

Table 5. Winter and spring bread and durum wheat varieties 

released in Turkey 

Wheat type 	 Variety 

Winter bread wheat 
Released belore 1978 	 Bezostay'a
 

Bolal 2973
 
Lameer
 
Kirac 56
 
Ankara 093/44
 
Porsuk 2800
 

Released or 
introduced after 1978 Gerek 79 

Kirlq)inar 79 
lamiana 79 

Sadova I 
Vratza 
Dobrudja 

Spring bread wheat 
Released or 
introduced belore 1978 Cumihurivet 75 

Penjamo 62
 
Released or
 
inltr'oduced after 1978 
 Goii en 

Malabadi 

(continued) 
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Table 5 feontinued) 

Wheat type 

Spring to alternative 
Introduced 

Winter durum wheat 

Spring durum wheat 

a 	 New release 

a 	 Farmer or local variety within trial 

b 	 Farmer yield next to trial 

Seven trials in the Central 

Anatolian Plateau; five in the 

Northern Transitional zone
 

a 	 28 trials In the Central Anatolan 
Plateau: 14 In the Northern 
Transitional zone 

b 	 Farmer or local variety withintrial 

Table 6. Percent of racommended 
varieties grown in Turkey by 

Variety region 

% 
Libellula Recommended 
Orso Region varieties 
Argelato 

Thrace 100 
Kunduru 1149 Mariara 85 
Cakmak 79a Aegean 85 
Tunca 79a Mediterranean 70 

Black Sea 30 
Dicle 74 Transitional 30 
Gediz 75 Central Plateau 50 
Gokgol 79 Southeast 30 

East 10 

Table 7. Comparison of improved technology and farmer technology
from 12 demonstration trials conducted by the Ankara Institute, 
1983-84 

% Increase of improved 
technology over farmer 

Average technology 
yield 

Zone and treatment (kg/ha) Varietya Managementb 

Central Plateauc 
Best variety 3720 53 71 
Mean of varieties 3180 31 47 
Farmer varietya 
Farmer management b 

2430 
2170 

-
-

12 
-

Northern TransitionalC 
Best variety 4530 72 142 
Mean of varieties 3730 42 99 
Farmer varietya 2630 - 41 
Farmer managementb 1870 

Table 8. Average yield and percent increase of improved technology 
over farmer technology from 42 demonstration trials conducted by 
the Ankara Institute in cooperation with local extension services, 
1983-84 

yield Increase over 
Treatment 	 (kg/ha) local variety 

Central PlateausaCnrlPaeu 
Best variety 2950 45 
Mean of varieties 2590 28 
Farmer variety b 2030 -

Northern Transitionala 
Best variety 3430 63 
Mean of varieties 2980 42 
Farmer variety b) 2100 
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CIMMYT/ICARDA Cooperative
Bread Wheat Breeding Program 
G. Ortiz F., 0. Mamluk,* J. Van Leur,* P. Williams,* C. Cardona,* and A. Rashwanl' 

Introduction 
Bread wheat ranks first among the 
cereals grown in West Asia and 
North Africa. In 1983, about 10% 
(approximately 48 million tons) of 
the total world wheat crop was 
produced in this area; 78% of this 
was bread wheat and 22% was 
durum wheat (FAO. 1984)(Table 1).
Between 1969 and 1983, bread 
wheat production in the region rose 
by 13.8 million tons, an increase 
attributed to the adoption of high-
yielding varieties and better 
agronomic practices. 

In West Asia and North Africa. most 
bread wheat is grown on rainfed 
land. Over 50% of the crop is 
estimated to be produced in areas 
receiving less than 400 mm annual 
rainfall; diseases, insect pests, stress 
factors (drought, heat, cold, and 
salt), and poor agronomic practices 
are persistent problems. The 
CIMMYT/ICARDA cooperative bread 
wheat improvement program seeks 
to ameliorate such problems by 
developing high-yielding germplasm 
that is resistant to diseases and 
insects, responsive to management, 
and suitable for zones where rainfall
is low. An account of these activities 
is also given in the ICARDA Annual 
Report, 1984. 
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Breeding 
Germplasm developmcnt-Durlng 
the 1983-84 cropping season. 622 
Fls (simple and top-crosses) were 
made. Special emphasis was placed 
on incorporating specific traits into 
widely adapted, high-yielding lines 
possessing good nutritional and 
milling and baking quality. Among
these traits were resistance to the 
three rusts, 1'lnt, loose smut, 
bacterial blights, and s(ptoria leaf 
blotch, as well as resistance to many
insect pests, including sawfly,
Hessian fly, suni bugs, and aphids. 
Other desirable traits sought were 
tolerance to drought. heat, cold, and 
salt. 

Germplasm evaluation a.r'd 
selection-The program tested 
10,133 segregating crosses and 
advanced lines during 1983-84 
(Table 2). Of this material, 79% was 
developed by the CIMMYT/ICARDA 
cooperative program: the remaining
21 % was received directly from 
CIMMYT/Mexico and other 
international cooperators. For the 
past four years, the amount of 
germplasm received from outside 
Sy :ia through international 
observation nurseries or seed 
exchanges has been kept at 
approximately 21%, thus ensuring 
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the additional genetic variation 
necessary to create bread wheats 
suited to the diverse environments 
and problems encountered in the 
region. 

Figure 1 shows the movement of 
germplasin in the CIMMYT/ICARDA 
bread wheat breeding program. 
Segregating generations and yield
trials arc grown and evaluated at 
Tel Hadya experiment station Under 
two kinds o. management. Under 
one, rainfed crops are supplied with 
a small amount of fertilizer: under 
the other, crops receive supplemen
tary irrigation and recommended 
quantities of fertilizer. These two 
forms of management make it 
possible to select simultaneously for 
high yield and vield stability. 

To complement the breeding work 
at Tel Hadya, other stations and 
substaticns inside and outside Syria 
are used for multilocatioiaal testing
and breeding. The matcrial 
developed is distributed to coopera
tors in West Asia and North Africa 
through ICARDA/CIMMYT 
international and regional nurseries. 

Preliminary and advanced 
yield trials-During the past two
 
cropping seasons, preliminary and
 
advanced yield trials were
 
conducted in two iocations under
 
three different moisture levels: at
 
Tel l-adya under rainfecl conditions
 
(about 230 mm rainfall) and

supplementary irrigation (380 mm), 
and at Terbcl in Lebanon (596 mm).
In 1982-83, a few lines yielded 
sAOsignificantly higher than the checks, 
Mexipak 65 and Golan: in 1983-84, 
a greater number uf lines wvere 
superior to Mexipak 65 iTaulc 3). A 
combination offactors produced
these gains. First, higher selection 
pressure for disease resistance,
agronomic type, and yield was
applied to lines promoted to
preliminary and advanced yield 
trials; second, Mcxipak 65 suffered 
an increased susceptibility to stripe
rust. A high level of stripe rust 
resistance was present across the 

in preliminary and advanced 
trials. Superior lines were 

* ICARDA stall' 
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particularly prevalent in more 
favorable, irrigated environments. 
Under rainfed conditions in 1983-84, 
25 lines yielded better than Sham 2 
in the preliminary yield trials, and 
13 yielded better than the check in 
the advanced trials, 

Drought tolerance-Lines superior 
to Sham 2. the improved check, 
were identified in advanced trials 
conducted under conditions of low 
rainfall (230 mm annual precipi-
tation) (Table 4). The highest yield 
was 4211 kg/ha, and one line 
yielded 41 % more than Sham 2. 
Superior lines were promoled to the 
Crossing Block to be used as 
parents. 

In addition to identifying advanced. 
drought-tolerant material, the 
program tested F2 and F 3 
segregating populations at Tel 
Hadya under conditions of limited 
moisture and less than optimal 
amounts of fertilizer. Selection 
criteria included icedling vigor, 
tillering ability, and large fertile 
heads. Other locations - Breda 
(approximately 275 mm rainfall), 
Khanasser (approximately 240 mm 
rainfall), and the late planted 
nursery at Tel Iladya - were used 
for complementary tests of this 
material. 

Earliness in germplasm for dry 
environments-Early maturing, 

high-yielding bread wheat 
germplasm is essential for zones 
with lower rainfall, as early maturity 
allows the crop to escape the 
detrimental effects of late drought.
Although early, maturity is not a 

true genetic resistance mechanism, 
each day of earlier maturity in bread 
wheat grown under conditions of 
limited moisture in Syria imparts a 
yield advantage of approximately 
54-120 kg/ha. Several advanced 
bread wheat lines compared to 
Sham 2 at Tci Hadya under rainfd 
conditions 1230 am) combined 
earliness with high yields (Table 5). 
These lines headed 6-8 (Jays earlier 
than Sham 2. and matured about 
7-10 days earlier. The program will 
make extensive use of these lines in 
next year's crossing program. 

Grain characteristics and wide 
adaptation-Bread wheat is the 
principal food for most people in 
West Asia and North Africa, where 
more than 150 kg/eap/\'r is con-
sinncd. Because wheat is such an 
important component of the diet in 
this area, nutritional and grain 
quality receive special attention in 
the breeding program. It is essential 
that quality be maintained or 
improved when selecting for higher 
yields. Lines combining acceptable 
levels of protein and high 
1000-kernel weights with good 
regional adaptation v.'ere identified 
through the regional testing system 
(Table 6). 

P -- ional Performance 
o.- Bread Wheat Lines 
Bread Wheat Observation 
Nursery-In the 1982-83 Bread 
Wheat Observation Nursery (WON), 
19 lines were selected from 8 or 
more of the 30 locations from which 
data were receiv :d. Agronomic data, 
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disease data, and quality character
istics of lines selected at nine or 
more locations arc shown In Table 
7. These lines, originating from 
ICARIA. CIMMYT, Egypt, and 
Turkey, were selected visually by 
national program personnel for 
superiority to both local and long
term cheeks. The nursery was 
evaluated in a wide range of 
environmental and disease 
conditions in West Asia and North 
Africa and other locations 
throughout tie world. 

Regional Wheat Yield Trial-The 
performanee of the highest-yielding 
lines in the 1982-83 Regional Wheat 
Yield Trial (RWYT) is summarized in 
Table 8. Grain yield and other 
agronomic data were comIpiled from 
30 different locations in rainfed 
areas and under supplementary 
irrigation. The locations included 
two simulated environments at Tel 
ladva. The average yield of the 

entries, excluding national checks, 

y -:j. 

- ., 

-

m 
L',,,. " 

" ". -

I1r. Guillermo Ortiz (left), CIMMYT scientist with the CIMMYT/ICARDA 
Cooperative Bread Wheat Breeding Program, with two assistants at Tel 
Ha--".,Research Station. 168 



was 4308 kg/ha, with means for 
individual entries ranging from 3851 
kg/ha to 4862 kg/ha. 

Yields of the top entries in this trial 
were not significantly superior to the 
bread wheat check, Mexipak 65, 
However, the first four entries in 
Table 8 are significantly better than 
the durum check, Waha. The 
highest-yielding line. Drira Out 
Cross triticale, was among the top 
10 entries in 20 of 30 locations. The 
second highest-yielding line. HI) 
2206/Hork 'S', ranked among the 
top 10 entries at 19 locations and 
was superior to the national check 
at 15, even though it was moder-
ately susceptible to leaf and stem 
rust. 

The advanced line Flk 'S'/Hork 'S' 
ranked third and combined high 
yield with good yield stability. It was 

Crossing 
Blocks 

-BOH

0 - SIR, HF 

MrcRIL 
-SIR F Egioa 

among the top 10 entries at 21 
locations and performed better than 
the national check at the greatest 
number of locations (17). This line 
looks promising since the national 
check is usually a recommended 
high-yielding variety with proven 
adaptation at each testing location. 

Pathology 
Common bunt-In 1983-84, 180 
lines of the Key Location Disease 
Nursery (KLDN), together with 60 
bunt-resistant lines selected tile 
previous year, were tested for 
resistance to bunt. Before planting, 
seed was inoculated with chlamydo-
spores of both pathogens. Tilletia 
lbetica and T. caries, collected from 
bunted heads in different locations 
within Syria. Tile average number of 
infected heads among all entries was 
very high t52.2 %) and only two lines 
showed resistance (5% or h ss 
infected heads): 

Multilocational 

Testing 
I nnti: Nurs.Obs.
75 locations Africa 

and Middle East 

I 

-------- jnursery 

Mexico - IPS 
- RI LF Tunisiaevaluation 

IPSQuality
" IPS 


G - RI,...Disease 

RFLF 


SlRRHF. 


BBH Bulk best hybrids 
SIR 
HF 

Supplementary irrigation
High fertility 

MBS Modified bulk si- .ction 

LF 
IPS 

BBL 

LP 
RF 


SQuality Breda
ab .- FL 

-DOs 
TH LP 

LFTesting 	 -RF 

-Kirac -DS 
Yield trials 

Incand THRP 
-SIR... F Increases 

_C -DS 

TH, EP 
-IR, 

= 	Low fertility EP Early planting 
Individual plant selection DS Drought stress
Bulk best lines HS Heat stress 

Late planting CS Cold stress 

Rainfed TH Te IHadya
 

Figure 1. The breeding strategy of the Bread Wheat Program. 

Pvn 'S'/5/Fr/K53//N108/3/Gv55 
/4/Sr64/Tzpp*2/An 
CM 32328-4AP-2AP-0AP-2AP-0AP 

Cnr/4/Inia 'S'/7C//Cno 'S'/GII/3/ 
Pci 'S'//Bb/Inia 
CM 46935-2AP-OAP-4AP.2AP-OAP 

Additionally, a large number of lines 
furnished by D. R.J. Metzger. 
USDA-Oregon State University, 
Corvallis (USA), were planted in the 
1984 KLDN nursery for evaluation 

and multiplication. Some of these 
are known to have resistance to one 
or more races of bunt; others are
 
resistant to highly virulent bunt
 
races. A great number of the lines
 
were collected from Turkey and
 
from mountainous areas in
 
Yugoslavia. Some of the Turkish
 
lines (1,3) have already been 
screene d at Pendleton, Oregon for 
resistance to selected races of bunt. 
Of tile total lines screened in the 
KLDN. 624 showed resistance (less 
than 5% infected heads). and 99 
showed moderate resistance (lessthan 10% infected heads) to 

In another nursery. 15 advanced 

line, and commercial varieties were 
test. J for resistance to 12 different 
bunt isolates: 3 from Syria, 2 from 
Turkey. 1 each from Lebanon,
 
Tunisia, and Iran. and 4 isolates
with identified virulences. The 

was harvested by hand to
 
avoid dispcriing bunt spores:
 

was dore in the
 

laboratory. Of the 15 entries tested, 
4 varieties (Nugaines. Moldova,Kirac 66, and Sham 2) were 
resistant to common bunt, with the 
least infection (0.2%) occurring in 

66. 

Other diseases-The 1984 KLDN, 
witl 171 lines, was planted in 20
disease "hot spots"; useful 
information on stripe rust (Puccinia 
striilbrmis), leaf rust (P. rccondia), 
and septoria leaf blotch (Septoria
triticil was obtained from Syria, 
Lebanon, Tunisia, Portugal, andPakistan. Table 9 Indicates the 

number of lines with resistance to 
these diseases. 
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The severe septoria epidemic in 
Elvas, Portugal, resulted in only 
eight resistant lines. In Lattakia, 
Syria. the disease, although well 
developed on durumn wheat, was 
negligible on bread wheat, a 
difference that may be due to the 
environment or to virulences at the 
two locations, 

The 1984 Wheat Septoria Nursery 
(WST), initiatel in the 1983-84 
cropping season, included 50 bread 
wheat lines selected from prelim-
inary screening the previous year at 
Afrin. Syria. The nursery was 
planted in Tel Hadva, Lattakia, 
Elvas. and Beja (Tunisia). Disease 
development in, Tel Hadya and 
Lattakia was negligible and only 
data from Leja and Elvas were 
considered. Twelve lines were 
resistant (5 or less on a 0-9 scale) at 
both locations, and will be included 
in the WST-85 to reconfirm their 
resistance in multilocational trials, 

Bread Wheat Grain Quality 
The most important quality 
characteristics in bread wheat are 
grain hardness and gluten strength. 
The hardness of wheat affects flour 
yield, starch gas production during 
fermentation, and vater absorption. 
Wheats of medium hardness pro-
duce the best milling yields, and 
harder wheats give much more 
starch. Gluten strength is I:ie 
capacity of flour dough to retain gas 

produced during fermentation, to be 
elastic, and to give good texture to 
the bread. 

Hardness and gluten strength are 
easily tested: hardness is evaluated 
by near infrared reflectance 
spectroscopy. and gluten strength is 
measured by the Pelshenke test or 
Farinograph. 

Protein content has an important 
influence on wheat meal fermen
tation time (WMFT). and may be 
greatly affected by growing 
conditions. The WMFT is strongly 
correlated to farinograph stability 
within a growing location. but the 
strength of this relationship changes 
between locations. Excessive 
variability bet ween locations is a 
bad characteristic: the best lines 
maintain gluten strength over a 
wide range of sites. Growing 
nurseries in a series of locations 
differing in fertility permits new 
genotypes to be evaluated 
thoroughly. Some bread wheat lines 
that have medium hardness and 
gluten strength are listed in 
Table 10. 

Insect resistance 
As in previous seasons, emphasis 
was placed upon screening for 
resistance to wheat stem sawfly. 
aphids, and suni bugs. Studies on 
the economic importance of iIte sui 
bug were terminated. 

Sixty-two bread wheat iines were 
screened for resistance to wheat 
stem sawfly at Suran under natural 

infestation and at Tel Hadya under 
artificial infestation. Twenty-three of 
the lines tested appeared promising. 
Of tihe 62 bread wheat lines tested 
for resistance to aphids, only 7 were 
resistant. None of the bread wheat 
lines tested in 1983-84 were rated 
resistant to sUni bug. Lines that 
seemed promising at first proved to 
bc susceptible, and the search for 
resistance to this pest has been 
discontinued. 

The effect of [)lanting seed damaged 
by suni bugs was again studied at 
Tel Hadya to assess tie economic 
importance of this pest. Seeds were 
classified in damage grades: 0 = 
saved seeds (check): 1 = average of 
1/3 of each grain affected: 2 = 
average of 2/3 of each grain affected; 
and 3 = entire grain affected. 
Increasing percentages ol affected 
seeds of each damage grade were 
mixed with sound seeds and then 
planted. The results inuicated that 
planting seed damaged by suni bugs 
always affected the final yield (Table 
11). reducing germination sig
nificantly (uI) to 85%) and reCutCing 
plant vigor at different grovth 
stages. 

References 
FAO. 198-f , Monthly Bulletin of 
Statistics :3. 
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Table 1. Bread wheat and durum wheat production compared with

total wheat production in the ICARDA region, 1969-71, 1979-81, 
and
 
1983
 

Production (1000 t) Source: FAO Monthly Bulletin of 
1969-71 1979-81 1983 Statistics, v.7. March 1984 

Total wheat 31.8 45.1 47.8 a Estimate
 
Bread wheat 
 23.3 34.8 37. 1

Durum wheat 
 2.3 10.3 10.7Percentage 73.7 77.2 77.7 
bread wheat
 

Percentage 26.3 22.8 
 22.3a
 
durum wheat
 

Table 2. Summary of bread wheat germplasm grown at Tel Hadya,
 
1980-84
 

Number of lines
Type of nursery 1980-81 1981-82 1982-83 1983-84 

Yield trials 2970 1440 1606 1416
 
Regional wheat yield


trials 
 24 24 24 24

Interiational yield trials 110 
 186 186 134
Regional nurseries 1264 1335 1077 1349
 

(ICARDA/CIMMYTI
 
International nurseries 
 1700 2259 1286 1187
Seg. population F 2 2222 2000 1655 1287
Seg. populations F 3 -F 8 8870 7420 8317 4211
F 2 populations 853 1336 423 525 

Total ICARDA/CIMMYT 14781 11997 11545 8002
material (82%) (75%) (79%) (79%) 

Total material from 3232 4003 3023 2131 
outside Syria 

Grand total 18013 16000 
 14568 10133
 

171 



Table 3. Number of lines yielding significantly higher (p <0.05) than the local check, Mexipak 65, and
improved checks, Golan and Sham 2, in the 1982-83 and 1983-84 yield trials 

Average yield No. of lines No. of lines yielding higher than 
(kg/ha) tested Mexipak Golan and Sham 2

Location/trial 1982-83 1983-84 1982-83 1983-84 1982-83 1983-84 1982-83 1983-84 

Tel Hadya RFa 
PWYT 3592 3661 858 528 9 228 8 25 
AWYT 4137 4196 176 144 0 45 7 13 

Tel Hadya SIR 
PWYT 4928 4713 396 456 9 245 30 89 
AWYT 5266 4949 176 144 17 95 7 49 

Terbol IRR 
AWYT 5495 6282 176 144 0 10 15 50 

a 	 RF = Rainfed (230 mm): SIR = Supplementary Irrigation (380 mm): 
IRR Irrigation (596 mm): PWYT = Preliminary Wheat Yield Trials; 
AWYT = Advanced Wheat Yield Trials 

Table 4. Lines that yielded best under low rainfall conditions (230
mm) compared to improved check Sham 2, Advanced Wheat Yield 
Trial (AWYT), Syria, 1983-84 

Yield % of LSD CV 
Crnss and pedigree (kg/ha) Sham 2 (5%) (%) 

Flk 'S'/Hork 'S' 4211 120 502 8.8 
CM39816-IS-I AP-OAP 

II 58-57/4/Maya/Cgn/3/CC/Inia//CaI 4144 120 576 10.8 
CM40742-27M- 1Y-2M-3Y-3M- 1Y-08 

Crow 'S' 3894 121 673 12.9 
CM40457-5M-3Y-2M-2Y-OM 

Pvn 'S'/Spr 'S' 3755 141 579 11.5 
CM46702-2AP-OAP-2AP- 1AP-OAP 

PCo/Pvn 'S' 3588 135 579 11.5 
CM467 10-1 AP- IAP- 1AP- l AP-OAP 
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Table 5. Advanced bread wheat lines 	combining earliness with high yield potential compared with theimproved check, Sham 2, at Tel Hadya under rainfed conditions (230 mm), 1983-84 

Days Days
to heading to maturity Yield (kg/ha)a RelativeCross and pedigree 	 Line Sham 2 Line Sham 2 Line Sham 2 (%) 

Arz/Sa 42 126 134 168 176 314 4 (1)b 3522 89
ICW 77162-K-1AP-lAP-
4AP-2AP-OAP 

Chr/5/Tp/Cno/inia/3/ 	 129 136 168 178 3027(1) 2655 114 
Sr/4/Hork 
CM46934-2AP-OAP- IAP
1AP-0AP 

Pvn 'S'/Oln 	 130 168 3372(2)136 178 	 2655 127 
CM46693-1AP- 1AP
4 10 -1AP-OAP
 

Pri 'S' 127 133 170 177 3050(1) 3277 93 
CM25988-8Y-3Y-2Y
IM-IY-0B 

Cmh 72-428/Mrc/Flk 'S' 	 128 170 2872(1)136 178 	 2655 108 
CM46869-2AP-OAP-2AP
1AP-0AP


Bjy 'S' 129 133 170 177 3272(1) 3277 100
 
CM5287-J- 1Y-2M-2Y-3M-OY
 

Crow 'S' 129 136 170 176 	 3894(2) 3205 122
CM40457-5M-3Y-2M-2Y-OM 

a The LSDs (5%) for comparing mean yield of these lines with their respective checks are: 
502. 579. 579. 788,579,788, and 673 kg/ha, respectiv'ely

b 1 = Not significantly different: 2 = Significantly different 

Table 6. Lines combining acceptable protein content and 1000-kernel
 
weight with good regional adaptation; Wheat Observation Nursery

(WON), 1982-83 (20 locations)
 

1000- No. a Data from two locations 
kernel locations b Number of locations where the

Proteina weighta 	 entry waswhere entry 	 selected as promising,Cross and pedigree (%) (9) selectedb 	 based on visual evaltation of 
agronomtic type and diseaseSakha 18//Cno/Cal/4/Sakha/3/ 13.6 49.6 11 resistance
 

Tzpp//Sn64/Napo
 
S2896- 100-1 S-3S-OS
 

Cno/Gll//Bb/Inia 15.1 49.7 8 
CM21840-5S-9S-OS 

Ana/Mon 'S' 15.4 48.9 8
 
CM51743-S-2714-1GM-

2GM-OGM
 

Sprw 'S'/Bch 'S' 	 14.2 48.8 7 
CM352 I6-35M- IY-2GM-OGM 

L 2451.134.61 I/Pvn 'S'/ 15.2 47.2 6 
Vcm/3/Cno/7C 
CG3049- Gn- l Gm-0Gm 

Sakha 14/5/inia//Tob/Napo/3/ 14.3 47.2 6 
Cno/S10133/4/Mah 
S2377-200- IS-2S-OS 

Mexiplak 65 (regional check) 12.9 40.2 5 
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Table 7. Agronomic and disease data of the most frequently selected lines in the Wheat Observation
 
Nursery (WON), 1982-83 (30 locations)
 

No. Average
locations 1000- coefficient 

where kernel of infection
Variety and entry Days to Days to Height Protein weight Stripe Stem Leaf 
cross and pedigree selecteda heading maturity (cm) (%) (9) rust rust rust 

Bb/2*7C//Y50 1 3*Kal 11 103 152 93 13.0 41.5 5 3 10 
CM29014-7S-2AP- 1AU-
4AP-OAP 

Sakha 18//Cno/Cal/4/Sakha/3/ 11 97 146 89 13.6 49.6 18 0 11 
''zpp//Sii64/Napo 
S.2896- 100- 1S-3S-0S 

Snb 'S' 9 108 153 87 12.7 41.9 10 0 2 
CM34630-D-3M-3Y- 1 M- IY-OM 

7C/Pvn 'S" 9 102 150 88 14.5 43.5 5 0 2 
CM36596-8Y- 1 M- IY-2M-OY 

Gv/AI(''S" 9 105 152 88 14.5 44.9 8 0 0 
L.0882- 1Al-0AP-2AP-0AP 

Sakha 69 9 99 146 89 12.5 47.1 22 4 17 

Mexipak 65 	 5 102 149 87 12.9 40.2 36 29 45
 

a 	 Number ol locations wherc the entry was selected as )roimiising, based oni visual evaluation of agronomic type 
and ci isc'lsc resistanciw 

Table 8. Performance of highest yielding lines in the Regional Wheat Yield Trial (RWYT) at 30 locations, 
1982-83 

1000
kernel 

Variety or cross Yield Days to Height Protein weight
and pedigree (kg/ha) CHKa SELb maturity (cm) (%) (9) 

Drira Out Cross (triticalcl 4862 16 20 158 115 11.1 46.4 
X21295-OAIP 
ID 2206/-fork 'S' 4845 15 19 159 86 11.7 33.3 
CM39808-62M- IY-IM-0Y 

Flk 'S'/Hork 'S' 4832 17 21 159 80 11.8 35.1 
CM39 € 16-iS- IAP-OAP 

Inia/Napo//3*CalI3/Cjl41K 4815 16 17 58 88 12.0 31.2 
NCIP 212-A- 1K-3A1'-0AP 

Mexipak 65 4518 14 12 158 89 11.6 34.1 
(bread wheat check) 

Waha 	 4256 8 10 158 84 12.8 41.0 
(durum wheat check) 

Overall mean 4308 
LSD (5%) 488 
CV %) 14 

a CHK = Number of locations where line was suipcrior to national check 
1) SEL =Number of locations wherc lines were among the 10 highest yielding entries 
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Table 9. Number of lines resistant to stripe rust, leaf rust, and septoria leaf blotch in different locations 
of the 1984 Key Location Disease Nursery (KLDN) 

Resistant 
Syria all 

El locationsDisease 	 Tel Hadya Lattakia Ghab Lebanon Tunisia Portugal Pakistan No. (%) 

Stripe rusta 72 	 92 81 125 	 47 27 

Leaf rusta 	 91 159 44 42 25 

Septoria leaf 58 24 13 8
 
blotcha
 

a Selection criteria: 
Rust: less than 5% severity
 
Septoria: 5 or less on 0-9 scale
 

Table 10. High-yielding bread wheat lines selected for suitable milling and baking quality 

Potential Wheat meal 1000
size fermentation kernel

Variety or cross 	 indexa timeb weight Protein
and pedigree 	 (%) (min) (g) (%) 

Maya 74 'S'/Nr-Resel 50 191 33.7 15.6
 
CM40691-3KE- iAP-OAP
3AP- 1AP-0AP
 

II 58-5714/Maya 74 'S'// 
 50 193 35.4 16.9
 
Cgn/3/CC/Ihnia//Cal
 
CM40742-27M- 1Y-2M
3Y-3M- I Y-013
 

Yr/Pam 'S' 
 52 184 37.4 15.0
 
CM46091-4M- IY-5M-0Y
 

Kvz//Cno/Pj 
 52 179 36.1 13.2
 
SWM 1285-2Y-3M- 1Y-OM
 

Ymh/Ald 'S' 
 53 153 35.7 14.9 
SWM 3142-8-4AP-OAP-
IAP-OAP 

Ym h/Alcl 'S' 50 179 35.2 15.1
 
SWM 3142-8L-4AP-OAP
2AP-0AP
 

a 40 is verv hard. 70 is verv soft 
1 30 is v'erv weak, 200+ is very lrong: 120. 180 is suitable ior baking flat bread 

Table 1 1. Percent yield losses incurred by planting Mexipak bread a I = Average 1/3 of each grain
wheat seed damaged by suni bugs affected 

2 = Avcrage 2/3 of each grain
Suni bug % Infected seeds affcchcd 
damage in the mixtureb 3 = Elltir graill aff'c(ld
gradea 
 50% 100% Mean b)	lIncreasing perecellages of afftlcc(l 

sc( of ('alh (lainlagl gradlicI mixed 
1 	 17.6 28.1 22.8 with 'oiiiol sccd and platcd
2 	 26.3 32.8 29.0 
3 	 29.0 38.11 33.7 ILSI) 5% for son i hmg (alnage

Mean 	 24.0 33.1 28.5 grades = 8.0 

[.SI) (Y for i)'c.liiseeds illtle 
iiiixt fre-- 5. I 
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CIMMYT/ICARDA Cooperative 
Durum Wheat Improvement Program 
M. Nachit, 0. Mamluk, * J. Van 	Leur, * 1. Naji, * P. Williams, * A. Sayegh, C. Cardona, * A. Rashwani* 

Introduction The central objectives of lth Alppo- * hitrove resistance to such inseCt
In 1984. CIMMYT and ICARDA biased )rogra in arc to: pe-sts is wheat st cm sawl'l . suni
established at jnint d11ur whtl buig, I lessian fl., and aphids:
 
program with the aim of d(evetloping 0 Improxve yield anid slailitlV of
 
comlplerventarv lnrm wheat (r n Iwhat ill ;-irttUd air'as: * Mailtin anlld ill)rov, grailn

research il both instiiutions. qality chlracterist ics: and
 
coordinating grn)liAsnl dis- * Irt'orporatela resistalce to stripe

trbutLioll, itnd wor,-ki.ig closelY wit Ih 	 torIrlst srll rustl af rust. septoria E1ncourage natollnal pograIIIS

lational programs. At iceotilt of h.ai Ilotch. coilitioll lunt. and develop agrortoilic prnitices lot 
tihtse alctivities also apl)ars in tIle 	 intItecr diseases pivaiehtt \Vest illiproviig tlur-uint wleat pro-

ICA)RDA Annua:l 1,'lort. 1984. Asia Africa:
im(l North 	 duttior ill tt \Vesi Asian and 

North Aficanin rtgion. 

Breeding 
lhte area ofl landIllltt'd to luruni 
wheal in \VI.st Asia and North Af',-ila 
is al)proxillttyl 8.6 million liet
arcs, soeie -t5% of tht total land 
arc(a (eotc lto dr1iri wIn-at 
Cir',lt iatirt in tilt' world. Nearly 98% 

................. ~~ ~ of, thre dirrirrir1 wheat prolduiced il (tte~ .~. ~- ~ .~4*A. rgiort is growt lirl(cr rairtfc -d 

r-Afltectilrrcs tt, lantd anc plarrtcd to-clur"wu n l tl in lielth igh -rai nlditll 

zones ((A-vr -)00mm)il,
-1.7 million 
l-ec lt's il tIlhllow-riinfll zone .s 

..(less thar -t00 i1n). arid 0.2 inilliont 

Itcctarcs ilt irrigated iar-eas. 

' 	 The aVerage rcgiotal yield of thlln 
whlal is 1000 kg/ha iii high-riaillfall 
aAi(-as and (00 kg/ha it low-rainfall 
areas: hot- re about 30%
Iih avelre-


-! - less h;rt av1er-age brcrd whelat vields 

iIllti regiolln 

Germplasm development To 

railCl ains in \'st Asia and 
North Ari(-a, a pro rin was 
"s ahlish(l to dtlevlopIduril in 
w:it"s tolerantif or ru-sistatt tdo 
"-r'rll ililittlll stlss .s, discasts, 
anrid iltscclst. Tie 1)l(li ltl also aiils 
to dt(loi g-i rpllsrnl that 1cri~rrins 

-	 .... ..- .. ,- ' lavll g-owi rig 
- tlio] i 11iil 

- -	 . tl u hI Ihorahle 

coidlit iorts. Io )i.11"i 
Iliit(-riailis exailurated itlsitcs ill 
NortIh Africa and Itt Mliddlc East. 

... .- ,: . . Altcr ,stiwrior jinr ,littil intes are 
. .7 - cortln nt11crl ii l .,eirlv-gk oln

G. ol~uhilionis cillexl sc(l various 

slrsss. Philil ilsl scl td iihi the 
folloxwiig (-rnvirgnlntnts: 

S"'ll I hidyi, rainl((l (230-370 mint 

milnulal ,)ril)ilatini -1() k4g N/ha, 
In ti kg 1'9051l1: 

Threshing wheat In Morocco, one of the many North African and Wcest Asian 
countrics In which the CIMMYT/ICARDA durum wheat program works. IARA srall 
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" Tel Hadya, early planting with 
supplementary irrigation 
(approximately 450 mm 
precipitation simulated, 100 kg
N/ha, and 60 kg P205/ha); 

* 	 Breda (160-270 mm annual 
precipitation, 20 kg N/ha, and 30 
kg P205/ha for droughty 
conditions); and 

" 	 Tel Hadya, late planting (40 kg 

N/ha and 60 kg P205/ha). 


Segregating populations -Each 
segregating family is planted in two 
different environments at Tel 
Hadya: 1) relatively favorable 
conditions (early planting and 
irrigation), and 2) rainfed conditions. 

Selection in the relatively li.gh-input 
envirouiment during 1983-84 was 
affected by a high incidence of stripe 
rust. In the rainfed environment, 
drought influenced selection: 
precipitation in the 1983-84 season 
was only two-thirds (230 mm) of the 
amount received in an average year 
in northern Syria. Wheat stem 
sawfly was endemic in the rainfed 
nurseries. Selections were made for 
heat (late planting) and drought 
tolerance, 

Durum Wheat Observation 
Nursery-Promising advanced lines 
in the Regional Durum Wheat 
Observation Nursery (DON) are 
subjected to preliminary screening 
at national program testing sites, 
Selected data from tile 31 sites of 
the 1982-83 DON are reported in 
Table 1. 

Tan spot and barley yellow dwarf 
virus (BYDV) were the major 
constraints to grain yield throughout 
the region, but most of the advanced 
germplasm also needs additional 
resistance to leaf, stem, and stripe 
rusts. 

Earliness was associatei with higher 
yields and pievented plants from 
being attacked by such diseases as 
stem rust. However. early-heaiing 
durum wheat lines suffered more 

damage from powdery mildew, 
Septoria tritici, and UIclmintho-
sporium triticircpentis than late-
heading types. 

Regional yield trials-Two kinds 
of regional durumn yield trials, 
comprising lines that pcrf', rmed be:;t 
in 	the DON, were distributed in 
1982-83. The Regional )turuni Yield 
Trial (RI)YT) is intendct. for 
favorable environments, aid the 
Regional Rainfed Durun Yield Trial 
(RFDYT) is for rainfed areas in the 
Mediterranean region. Yield data 
were received from 17 locations for 
the RDYT and 16 lor the RFDYT. 
Yield performance and] other 
important characteri:,tics of the two 
best lines are sumnarized for each 
trial in Tables 2 and 3. 

Two durum \whCat lines from the 
RDYT, Mallard and Oin Rabia. 
were selected for their yield 
l)erformance for the second con-
secutive year. Both entries head and 
mature early. Out of 24 entries 
tested in the RFDYT, 2 lines 
Cr'S'/Stk'S' = Belikh and 
Rahi/PI-94587//Cit/3/Mexi/Val = Po 
-	 were the highest yielding entries 
lor the second year. 

Preliminary yield trials-Selced 
lines from F5 and latr segregating 
generations enter the yield testing 
phase w\'hen they becolmle honlo-
zygous for such inp,ortant 
)henotypic charact._rs as height. 

disease resistance, and chaff color. 
The first replicated testing of these 
lines occurs in the Preliminary 
lI)uul Yield Trials (PIDYT). 

In Ihc 1983-84 I)DYT, 14 yield trials 
were conductcd under sut)l)lenn
tary irrigation and rainfed conditionls 
at Tel 1ladva. Each trial con ;sh(d of 
21 entries and 3 checks (Stork. Sail. 
and liaurani). Table 4 lists the 
highest yielding lines in the 1983-84 
PDYT. giving their yield perccentage 
over Stork and SahI titu"er both 
growing conditions. Based on their 
yield l),'lornialcu,in bot I1a11ii 
en\'ilronlncluts and oil their disease 
resistance, grain diuality, and 
lilatllriy t.
he lest lines were 

promoted for further evaluation in 
the Advanced DuruL Yield Trial 
(ADYT). 

Advanced Yield Testing 
Lines found promising after pre
liminary testing are included in the 
advanced testing program, in which 
they are yield tested in contrasting 
envirolnments. screened for 
rcsistance te diseases and insects at 
"hot spots" in the region, evaluated 
for stress tolerance to frosi. drought. 
and he.t. and tested for quality
 

haracetristics.
 

Dring 19S3-84, Stork was an 
cxcellent check in advanced tests for 
rainfed as well as high-input 
cnvironments. The highest yielding 
dhii-un lies uinder these different 
envitlonmental conditions are shown 
in Table 5. The good )erformance of 
these lines across contrasting 
environments may be tbe result of 
their earliness. 

Environmental
 
Stress Tolerance
 
Drought tolerance- he 399
 
durum wheat lines that constituted
 
the ADYT were evaluated visually
 
fbi drought tolerance in 1983-84 at
 
locations with different amounts of
 
rainfall, including Tel Hadya under
 
supplelentary irrigation (approx
inately 450 am) and rainfea 
conditions (230 nun), Breda 
(approximately 160 mim), early 

lanting (mid-October,450 mm), late 
lanting (February, 300 rum), and 
erbol (Lebanon) (approximately 

500 am). Forty-five lines were 
selected at Breda, and these lines 

differed markedly in number of days
ioheading. 

A ong the 399 advanced lines. 17 
\'err classified as early heading: of 
ihese. 4 lines similar to Stork in 
inaturity \vere selected at Breda for 
drought tolerance. lowever. the 
number of selectedi lines with 
heading dates similar to those of 
llaurani and Gezira 17 was higher 

th1e inulnber with heading dates 
similar to Stork (Table 6). These 
rcsults conirmn that screening for 
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drought tolerance at Breda was 
affected by low temperatures, 
particulariy during the vegetative 
growth stage. which favored the 
-election of medium-late to late 
genotypes similar to I-laurani and 
Gezira 17. More attention has to be 
given to developing early, drought-
tolerant lines suited to other 
environmental conditions within the 
region. Under such conditions, 
earliness is all important factor lor 
attaining high and consistent yields, 
and the effect of low temperatures 
during the vegetative stage is 
insignificant. Table 7 shows the 
average yield range of advanced 
durum wheat lines with different 
heading dates. 

Heat tolerance-For the past five 
years at Tel Hadya. grain yield has 
been related to precipitation and 
temperature (luring different growth 
stages of dur-jm wheat. The 
importance of each of these factors 
is clearny denonstrated in Table 8. 
Precipitation during the growing 
season influenced yield most, 
followed by precipi!ation duiing the 
early stages of plant dcvclopmeii. 
The number of days of rainfall 
during the vegetative stage was also 
important for final grain yicld. 

Mean temperature was negatively 
correlated with yield, especially 
during the grain-filling stage: tile 
higher the temperature. the lower 
was the yield. The minimun 
temperature during the early stages 
of plant establishment and 
development had a positive effect on 
final grain yield. 

Pathology 
Common bunt-In the 1983-84 
Common Bunt Nursery 1,670 line 
were tested, including 520 from ( ic 
1984 KLDN. Before plantiiig, sec J 
was inoculated with spores of 
Tillitia lbetida and T. caries 
collected from bunted heads 4n 
differeiti locations within Sy' ia. 
Average infection for all epl-rics was 
29.4%, and 10 lines had good 
resistance (less than 5% infected 

heads) to the disease (Table 9). 
These lines will be tested again next 
season. 

In Common Bunt Nursery It,11 
advanced lines and commercal 
varieties were tested for resistance 
to 12 differenl bunt isolates: 3 from 
Syria, 2 fron Turkey, I each fr'om 
Lebanon. Tunisia, and Iran, and 4 
isolates with identified virulences. 
The nursery was harvesled by hand 
and evaluated in the laboratory. 
IHaurani and Stork had good 
resistance (less than 5% infected 
heads) to all isolates used. 

Septoria leaf blotch- The Durum 
Septoria Nursery (,,ST-84), initiated 
in the 1983-84 cropping season, 
included !50 durum lines selected 
during 1982-83 at Afrin, Syria. The 
nursery was planted in Tel Hadya 
and Lattakia (Syria), Beja (Tunisia), 
and Elvas (Portugal). At each site. 
artificial inoculation vas accom-
plishcd with isolates of Seploria 
lriti, i prevalent in the country. 
Lin( s with the best resistance are 
li:ccd in Table 10. 

Screening advanced breeding 
material-The 1984 KLDN included 
lines from the advanced yield trials: 
243 of those lines had been tested in 
the 1983 KLDN. This nursery was 
planted in 20 disease "hot spot" 
locv!ions and data on stripe rust 
(iueinia striifbrins),leaf rust (P. 
recoudila), scptoria leaf blotch 
(Septoriatritici), and barley yellow 
dwarf virus (I3YDV) were obtained 
from Tel Hadya, Lattakia, and El 
Ghab in Syria; Terbol. Lebanon: 
Taiz, Yemen; I3eja, Tunisia: Elvas, 
iPorttga.: and Montreal, Canada. 

Table 11 piesents the number of 
lines resistant to these diseases at 
differcn locations over two years. In 
1983 andI 1984 in Tel Hadya and 
Terbol, similar numbers of liles (68 
ind 66) were resistant to stripe rust. 
In all locations tested and over both 
years, 34 liles (14% of the lines 
scored) proved to be resistant to 
stripe rust. 

Numerous lines were resistant to 
leaf rust in 1984 at Tel Hadya, 
Lattakia, Terbol, and Elvas: 3 6 't, 94, 
475, and 3-31 lines, respectively. 
Over all locations in 1984, 82 lines 
were resistant, but when data fr'om 
1983 and 1984 are considered, only 
1 line was resistant at all locations. 
For better screening, a set of the 
KLI)N will be planted late at Tel 
l-ladya and Terbol during the next 
season. 

Data ol septoria leaf blotch were 
obtained from Tel -ladya, Lattakia, 
El Ghab.Beja, and Elvas, where 63, 
30, 34, 57, and 462 lines, respec
tively, showed resistance to the 
disease. Over all locations and for 
both years of screening, however, no 
single line showed complete 
resistance. To improve the level of 
disease resistance, tile Durum 
Septoria Nursery was initiated in 
1983-84 and planted in three 
sepltoria "hot spots.' 

Information on BYDV was available 
from Beja and Elvas. A good 
number of lines (158) showed 
resistance to the disease at both 
locations. 

Nitrogen Application: 
A Strategy
 
Durun wheat is grown under 
conditions in which modest 
responses to nitrogen fertilizer are 
obtained. The magnitude of the 
grain yield response to applifd 
nitrogen is likely to vary in the 
250-350 mm rainfall zone, the most 
important durum wvheat-producing 
area in West Asia and North Africa. 
The rtsk of wing nitrogen fertilizer 
Ior ditrum wheat production in this 
zone is quite high. 

Cereal productivity in the region is 
rclatively low, and the gap between 
farmers' yields and yields obtained 
on research stations has been 
estimated to range from 53% to 
74% in durum wheat (Fifth Cereals 
Workshop, Algiers, Algeria, May 5-9, 
1979). Unimproved varieties, low 
levels of fertilizer, and poor weed 
control are among the main reasons 
for this diflerence. 
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Apart from the scarcity of capital for 
obtaining improved inputs and the 
occasiutial unavailability of the 
inputs themselves, the risk 
associated with climatic uncertainity 
is often the paramount factor 
influencing farmers' decisions. One 
means of minimizing this risk is to 
use split applications of nitrogen 
fertilizer. Some nitrogen may be 
applied at sowing, and the 
remainder applied in the spring at 
tillcring, when seasonal conditions 
and prospects for the crop's 
development canl be tetter assessed, 
In some cases, iv) nitrogen is 
applied at sowing and the entire 
amount is applied at tillering. 
Splitting nitrogen applications 
reduces or delays the expenditure 
for a relatively costly, risky input. 

During the 1983-84 season, an 
exl)eriment on rates and timing of 
nitrogen application was conducted,. 
The aim of this trial was to study 
the effect of nitrogen on durum 
wheat by applying it at different 
rates during sowing and tillering. 
Five rates of nitrogen, applied at 
sowing and tillering in all possible 
combinations of rate and timing, 
were applied to Sham I durum 
wheat grown under rainfed 
conditions (Shani 1 is newly 
released in Syria). There was no 
significant difference in brain yield 
for applications made at the sowing 
and tillering stages. The difference 
was not significant when nitrogen 
was applied at different rates (Table 
12), and the interaction between 
rate and timing of application also 
showed no significant difference, 
results that confirm data from 

Irrigated zone Zone A (Mean Zone B (Mean 
(Mean rainfall/ rainfall =348 mm) rainfall 212 mm) 
irrigation 682 mm)
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Figure 1. Differences in four quality parameters of durum wheat over three rainfall 
zones, 19P,3-84 

previous years. This lack of response 
to nitrogen may have been due to 
rought during the vegetative 

growth of the crop in 1983-84. 

Grain Quality 
Durum wheat quality is affected 
both by season and site. Figure 1 
shows tile variation in different 
qoality parameters from wheat 
grown at different sites in Syria. 
Protein content was the parameter 
most affected; 1000-kernel weight 
and sedimentation showed 
insignificant variation across sites. 
As expected, protein content and. 
percentagc vitreousness were 
reduced at wetter sites. 

Gluten strength-The SDS 
sedimentation test gives an estimate 
of the gluten strength of wheat, and 
results depend on the protein 
content of the wheat tested. Very 
low SDS levels wtrc recorded for 
lines grown in areas Ohea produced 
grain with low protein content! tls 
relationship was particulariy 
apparent in grain grown under 
irrigated conditions. Differences in 
quality parameters were noticeable 
from location to location, even in 
material grown under irrigation. 

Yellow pigment content-The 
yellow or anbe, color of durum 
wheat is caused by carotenoid 
pigments, mainly xanthophyll. 'The 

the grain pigment content, 
the better the grain is suited for 
export and ifr making burghul, 

semolina, and pasta. For khobz 
bread, Clurum lines with lower 
pigment content are acceptable. The 
pigment content of entrics in several 
yield trials is presented in Table 13. 

Resistance to insect pests 
At Suran, Syria, the resistance of 99 
durum wheat lines to wheat stem 
sawfly was assessed under natural 

infest'ation, and at Tel Hadya underinfestation. Thirty-two liles 

were rated resistant. The resistance
99 dur1111m ilnes to suni bug was 

tested at Tel Hadya under artificial 

itnifestation and at A'azaz under 
natmtn. infestation. Four lines were 
.foundto be resistant. 
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Table 1. Agronomic and disease data of the most fr.!quently selected lines (14 or more sites)
in the Regional Durum Wheat Observation Nursery (DON), 1982-83 

Average 
coefficent
 

of 
infectiona

Days toLine heading STR LR 

Cr 'S'/T.D.Vern//Gll 'S' 122 23 5 

Win 'S'/USA.02237//Gad 'S' 
 125 19 4 
Rabi 'S'/3/Ld 390//Gelle/Tc60 126 12 0 
Fg 'S'/Jo 'S'/3/Gu 'S'// 119 6 4 

61-130/Lds
Shwal/Magh 'S'/Bit 120 10 3
Duro3/Ibis 'S'//1 150/KR569 119 12 3 
USA.0640/Fg/!Fg/Ru ff 122 7 1 

Waha (rcgilonal check) 119 2 3 
Sahl (regional check) 121 1 1 

a Lower mimber6indicate resistance and low disease severity at 
LR = leafrust: SR = stem rust 

l: Resistance scored on a 0 (resistant) to 9 (susceptible) scale 

SR 
Septoria
triticib 

Powdery
mildewa 

Tan 
spotb BYDVb 

11 5 5 2 1 
19 4 5 2 1 
0 4 7 1 1 
1 5 4 2 1 

10 3 5 1 2 
8 4 7 2 1 
3 4 7 2 3 

3 5 5 3 2 
8 5 7 3 1 

the sites used, 0-100 scale: STR = stripe rust; 
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Table 2. Performance of highest yielding entries and variety Sham 1 in the Regional Durum Yield Trial 
(RDYT), 1981-82 and 1982-83 

10001981-82a 198 2 -8 3 b Yield kernel
Yield Yield (% Heading Maturity Protein Vitreousness weightEntry (kg/ha) Rank (kg/ha) Rank Sham 1) date date (%) (%) (kg/hl) 

H505-71A/Bgl 2 - - 4638 1 104 116 162 13.1 n.a 34.9 
(triticalc) 

Stk 'S'//Chap/ 4627 3 4600 2 103 119 163 14.5 99 36.6 
21563/Ma! "S' 

Ourn Rabia 4697 2 4544 3 102 118 163 14.7 99 38.1 

Sham 1 4772 1 4456 7 100 120 164 14.8 99 37.0 
(regional check) 

Nursery mean 4377 4261 95
 
LSD (5%) 200 237
 
CV (%) 16 17
 
ObservatoUns 4
 

per mnean
 

d 23 locations
 
1 17 locations
 

Table 3. Performance of highest yielding entries and variety SL, I in the Regional Rainfed Durum Yield
 
Trial (RFDYT), 1981-82 and 1982-83
 

a 10001981-8 2 -8 3 b Yield1 9 8 2 kernel
Yield Yield (% Heading Maturity Protein Vitreousness weightEntry (kg/ha) Rank (kg/ha) Rank Sahl) date date (%) (%) (kg/hi) 

J 1109 - 4386" 1 116 115 159 15.1 n.a 40.6
 
(triticale
 

Cr 'S'/Stk 'S' 3759 2 42220 2 111 119 160 14.1 98 38.6 
= Bleilikh 

Ral : !1-94587// 3710 4 41920 3 111 126 161 14.2 99 40.8
 
Cit/3/Mexi/4/
 
Valn/Po 

Sahl 3579 11 3791 15 100 118 158 13.6 100 38.9 
(regional check) 

Nursery mean 3562 3852 
LSD(%) 192 209 
CV(5%) 17 15 
Observations per 4 
lmlelan 

a 23 locations 
b 17 locations 

* Significant at 5% level 
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Table 4. Durum wheat lines that yielded significantly (P - 0.05) 
better than Stork and Sahi under rainfed conditions, and yielded
well under high input management in Preliminary Durum Yield 
Trials (PDYT), Tel Hadya, 1983-84 

* Significant at 5% level Rainfed Irrigated 

yield % of yield % of 
Cross and pedigree (kg/ha) Stork (kg/ha) Sahl 

Pg//Ch/215G3/3/Rabi/Fg 4477* 129 5422 110 
ICD78-0362-4AP-3AP-
6AP-OAP' 

Stk//Chi/21563/3/AA//Fg 4366* 122 5283 116 
ICD78-0415-2AP-2AP-
2AP-OAP 

PicICII//Jo/RDI19/3/Ovea 4288* 120 5450* 121 
lCD78-0623-4A P-4A P. 
2AP-OAP 

Rabi/Fg//GdoVZ579/ 4033* 119 5077 98 
3/Bit 
CD26109-OAP-2TR- 1AP 

1AP-OAP 

Table 5. Advanced durum wheat lines with high yielding ability and stability, Tel Hadya, 1983-84 

Yield 
Supplementary

Ratnfed Early planting irrigation Terbol, Lebanon 
% of % of % of %of Heading

Entry name (kg/ha) Stv.rk (kg/ha) Stork (kg/ha) Stork (kg/ha) Stork date 

ADYT 711 Shwa//21563/ 3511 118 5588 167 4988 113 6484 103 142 
AA/3/Bit 

ADYT 713 OviCp//Cando 3-111 115 5666 169 4838 110 5894 94 155 
ADYT 716 Shwa/Mexi75lBit 3416 125 5455 163 5300 121 5883 94 143 

Stork 2955 100 4333 1000 4383 100 6255 100 135 
LSD (5%) 598 577 9,3 1058 
CV (%) 12.2 10.8 12.7 11.1 
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Table 6. Relationship between different ranges of heading dates and 
drought colerance in advanced durum wheat lines, Breda, 1983-84 

Range No.
 
Earliness of days No. of entries 
group to heading of entries selected at Breda 

Stork 135-138 17 4 
Waha 139-147 122 8 
Haurani 148-155 175 15 
Gizera 17 156-163 85 19 

Table 7. Mean yield of some advanced durum wheats having 
different ranges of heading dates 

Earliness Range of Yield (kg/ha) No. of 
group days to heading Mean Range lines 

Stork 135-138 3756 3011-4533 17 

Waha 136-147 3672 2294-4600 122 

Haurani 148-155 3488 2111-4450 175 

Gezira 17 156-163 3392 2033-4672 85 

Table 8. Correlation between grain yield of durum wheat lines and 
rainfall and temperature at different growth stages, Tel Hadya 
rainfed yield trials, 1978-83 

Seedling Vegetative Reproductive Seasonal 
Factor stage stage stagc avcrage 

Precipitation 
Amnount +0.78' +0.57 4 0.96'* +0.65 
No. of days +0.66 +0.82' +0.76" +0.74* 

IoCIt ("C) 
Meai +0.21 -0.63 -0.92 * -0.66 
Mean mmi. tm ). + 0.78* -0.69 -0.91 * * -0.70 
Mean max. temIIp. +0.39 -0.54 -0.86' -0.52 
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Table 9. Material with resistance (5 %infected heads) to common
bunt (Tilletia foetida and T. caries), Tel Hadya, 1983-84 

a 	 Inoculum density: 2.2 x 105
 
spores/seed 
 Cultivar or cross and pedigree Infected headsa 

Ch/21563//Cr 'S'/3/Gediz I
 
ICD77-0085-2AP- IAP-OAP 

Cr 'S'/ 3 /2563//6l-130/Ld/4/Ente 'S' 5 
ICD78-0029,-2AP-4AP-0AP 

Gediz 75fPIt 'S 5 
CD26820- IAll- I AP-OAP 

Shwa/Pt I ''' 5 
CD 20632-2AP-2AP-3AP-OAP 

Ovi/Cp//Cando 5
ICD78-000 1-7AP-2AP-2AP.OAP 
W-2057 5 

GdoVZ 469/Plc 'S'//Jo 5 
ICD77-0027-4AP-2SH- 1AP-OAP 

Ato 'S'/D-10 0 
ICD77-0080-8AP-6SH-2TL-OAP 

Cit 'S'/GdoVZ 579 5ICD74-0 105-4L- IAP-2AP- I AP-OSH-OAP 
Haurani I
 

Table 10. Lines resistant to Septoria tritici, Durum Septoria Nursery
(DST), 1984 

OriginVariety or cross and pedigree DST-84 

Shwa 'S'/Bit 'S' 1 
CD20626-5M-4Y-2Y-Oy

Pg 'S'/3/Gii 'S'//T.D.Vern/GiI 'S' 15 
L0532-1 -2AP- IAP-OAP 

Gs 'S'/Aa 'S'//Plc 'S'/3/Cit71 19 
L0576-2L- 1AP-2AP-OAP 

Snipe 'S'//Amarelcjo/Haynaldia 33
1CD77-0216- 1AP-OAP 

ZF/Lds//Kobak2916/3/6l-130/4/ 34 
Stk 'S'/Fg 'S' 
1CD77-0233-2AP-2AP-OAP 

Jo 'S'/Cr 'S'/5/Gll 'S'/4/Br 180/ 50 
LK//GZ220/3/21563/Aa 'S' 
ICD77-0045-4AP-OSlI 

Algerian 83/Mexi75 112 
CD32954-2TR- 1AP-OAP-OSH 

GdoVZ 385/Gs 'S'/4/D.dwarf S15// 113 
T.D.Vernum/Gll 'S'/3/Pic 'S' 
ICD77-0134-4AP- IAP-4AP-OAP-OSH 

Riccya (Winter)-1 149 136 
YE023-26- 1-1-4-OE 

PI 29847 141 

Ente 'S'/Stk 'S' 146
CD08153-1 2M-3Y-3M- IY-OM

Reichenbachl/BD 1645 147 
FA025.190 
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Glossary
 

AARI: Avub Agricultural Research 
Institute, Faisalabad. Pakistan 
ACWYT: African Cooperative Wheat 
Yield Trial 
ADYT: Advanced Durum Yield Trial 
ALSN: Aluminum Screening 
Nursei y 
APHIS: Animal and Plant Health 
Inspection Service, USDA 
ARM: Aluminum Resistant Material 
ASN: Aluminum Screening Nursery 
AVT: Advanced Variety Trial, 
Zimbabwe 
AWYT: Advanced Wheat Yield Trial 
BARI: Bangladesh Agricultural 
Research Institute 
BC: backcross, i.e., a cross between 
an F 1 and one of its parents; BCI. 
BCII, etc., refer to the first, second, 
etc. backeross generations, in which 
the progeny of the previous 
generation is again crossed with the 
same parent 
BID: Interamerican Development 
Bank (Banco Interamericano de 
Desarrollo) 
BPI: Bureau of Plant Industry, the 
Philippines 
bulked: bulk-harvested 
bulk-harvested: a mixture of seed 
harvested from more than one plant, 
e.g., an entire line or population (vs. 
individually harvested): also applied 
to mixtures of different races or 
collections of pathogen spores 
BYD: barley yellow dwarf, a viral 
disease of a large number of grasses. 
including most cereals 
BYDV: barley yellow dwarf virus 
CB: Crossing Block 
CDRI: Cereal Disease Research 
Institute, Pakistan 
CIANO: the Yaqui Valley 
Agricultural Experiment Station 
(Campo Agricola Experimental Valle 
dcl Yaqui) of the Northwestern 
Agricultural Research Center 
(Centro de Invest igacioncs AFricolas 
del Noroeste), administered by the 
National Institute of Agricultural 
Research (INIA); 39 in elevation, 
271N latitude 
CIAT: Internaltional Center for 
Tropical Agriculture (Centro 
Internaciona, de Agricultura 
Tropical), Call, Colombia; also the 
Tropical Agricultural Research 
Center (Centro de Investigacl6n 
Agricola Tropical), Bolivia 

CPAC: Centro de Pesquisa 
Agropecudria do Cerrados, 
EMBRAPA, Brazil 
Culiacan: experiment station 
administered by the National 
Institute of Agricultural Research 
(INIA): 53 in elevation. 241N latitude 
CV: coefficient of variation 
cv: cultivar 
DMRT: Duncan's Multiple Range 
Test of statistical significance 
DON: Durum Wheat Observation 
Nursery 
DRSS: Department of Research and 
Specialist Services, Ministry for 
Agricultuvc, Zimbabwe 
DST: Durum Septoria Nursery 
EDYT: Elite Durum Yield Trial 
EEZON: Elite Yield Trial for the 
Northern Zone (Ensayo Elite de la 
Zona Norte) 
El Batan: experiment station and 
CIMMYT headquarters: 2249 m 
elevation. 19 0 N latitude 
ELISA: enzyme-linked 
immu..'sorbcnt assay 
EMBRAPA: Brazilian Agency for 
Agricultural Research (Emprcsa 
Brasilcira de Pesquisa Agropecuria) 
ENMP: National Plant Breeding 
Station (Esta(ao Nacional dle 
Mellioramento de Plantas), Elvas, 
Portugal 
ERCA: Andean Barley Yield Trial 
(Ensavo de Rendimiento de Cebada 
Andino) 
ESWYT: Elite Selection Wheat Yield 
I'rial 
F: filial generation; F I refers to the 
progeny of a croE5 between any two 
plants: F2, F3 , F 4 , etc. refer to tie 
successive generations 
FAO: Food and Agriculture 
Organization of the United Nations, 
Italy 
FECOTRIGO: Federation of 
Brazilian Wheat and Soya 
Cooperatives (Federaido das 
Cooperativas Brasileiras dc Trigo c 
Soia) 
F 2 MATN: F 2 Masa Aluminum 
Tolerant Nirsery 
g/ha: gram(s) pie hctare 
ha: hectare(s) 
hi: hectoliler(s) 
HSN: Hclminthosporium Screening 
Nursery 
Huamantla: off-station site used by 
CIMMYT: 250 in elevation, 19'N 
latitude 

IAPAR: Agronomy Institute of 
Parand, Brazil 
IBTA: Bolivian Institute of 
Agricultural and Livestock 
Technology (Instituto Boliviano de 
Tecnologia Agropecuaria), Bolivia 
IBWSN: International Bread Wheat 
Screenit!g Nursery 
ICA: Color,:bian Agricultural and 
Livestock Institute (Instituto 
Colonibiano AgropeCuario) 
ICARDA: International Center for 
Agricultural Research in Dry Areas, 
Aleppo. Syria 
IDSN: International Durum 
Screening Nursery 
IDTN: International Disease Trap 
Nursery 
IDYN: International Durum Yield 
Nursery 
IDYT: International )urum Yield 
Trial 
IICA: Interanicrican Institute of 
Agricultural Sciences (Instituto 
Interamericano de Ciencias 
Agricolas), Turrialba, Costa Rica 
individually harvested: seed 
collected separately from each plant 
(vs. bulk-harvested) 
INIA: National Agricultural 
Researcl Institute (Mexico: Instituto 
Nacional de Investigaciones 
Agricolas; Chile: Instituto Nacional 
dc Investigaciones Agropecuarias: 
Spain: Instituto Nacional de 
Invest igaciones Agron6nmicas) 
INIAP: National Institute of 
Agricultural Research (Instituto 
Nacional de Investigacioncs 
Agropecuarias), Ecuador 
INIPA: National Institute of 
Agricultural Research and Extension 
(Instituto Nacional de Investigaci6n 
y Pronoci61 Agropccuaria), Peru 
INTA: National Institute of 
Agricultural Technology (Instituto 
Nacional dc Tecnologia 
Agropecuaria). Argentina 
IPB: Institute for Plant Breeding. tie 
Philippines 
ISEPTON: International Septoria 
Observation Nursery 
ISSN: Intez national Scab Screening 
Nursery 
ISWYN: Interntional Spring Wheat 
Yield Nursery 
ITSN: I[t,'o;it ioimal "riticalh 
Screening Ntii s'ry 
ITYN: Intermational Trtivale Yield 
Nursery 
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Table 11. Number of lines resistant to stripe rust, leaf rust, septoria leaf blotch, and barley yellow
dwarf virus (BYDV) in different locations, Key Location Disease Nursery (KLDN), 1983 and 1984 

Resistant
Syria allDisease Tel El locationsand yeara Hadya Lattakia Ghab Lebanon Yemen Tunisia Portugal Canada No. % 

Stripe rust 
1983 
1984 

1983+ 1984 

129 
188 
68 

224 
148 
66 

387 
123 
87 
34 

51.0 
18.0 
14.0 

l.eaf rust 
1983 
1984 

1983+1984 

223 
367 
163 

94 
'43 
475 
231 

7 228 
391 

158 4 
82 
1 

2.0 
17.0 
0.5 

Septoria leaf blotch 
1983 
198. 

1983+1984 

22 
63 

8 
30 34 57 462 

22 
1 
0 

9.0 
0.2 
0.0 

BYDV 
1984 492 158 158 32.0 

ilnes plauted in 1984-85 KLDN; 243 of these lines were planted in the 1983 KLN. 
Selecvlion criteria: Rust: less than 5% severity: Septoria: 3 or less oi 0-9 scale: IYDV: 2 or less on 0-4 scale. 

Table 12. Influence of nitrogen rates and time of application on yield
(kg/ha) of Sham 1 durum wheat, 1983-84 

Nitrogen LSD (5%) = 397 kg/haCoefficient of variance = 13 
rates at 
tillering 
(kg/ha) 0 

Nitrogen rates at sowing (kg/ha) 
30 60 90 120 Mean 

0 2044 2359 2099 1945 2404 2170 
30 1791 2276 2252 2322 2220 2172 
60 2257 2375 2022 226-1 2086 2201 
90 2099 2286 2058 2283 2202 2186 
120 2070 2063 2245 2006 2138 2104 
Mean 2052 2272 2135 2164 2210 

Table 13. Distribution of color in entries from different durum yield 
trials 

Transmission b ADYT = Advanced Durum Yield 
Trial 

20-30 30-40 40-50 50-60 60-70 70-80 RFDYT 	 = Regional Rainfed Durun
Triala % % % % % % 	 Yield Trial 

R-YT = Regional Dirum YieldADYT (Ei) 2 18 51 49 20 2 Trial
RFDYT (D') - 2 8 12 1 1 DP = Delayed planting
RDYT (ElP)  - 5 8 10 1 	 El' = Early planting
RFDYT --	 10 8 1
RI)YT  - 4 7 12 1 1)	Lower transmission indlcleates 

greater color: if Ihc Iransmission
Toll 2 20 78 84 47 6 ishigher the color will be pale 
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kg: kilogram(s) 
kg/cap/yr: kilogram(s) per capita 
per year 
kg/ha: kilogran(s) per hectare 
KLDN: Key Location Disease 
Nursery 
LACOF: Advanced Lines of the 
Souther, Cone (Lineas Avanzadas 
del Cono Sur), a regional nursery for 
tile Southern Cone region 

Lagunilla: an off-station site near 

La Lagunilla, Hidalgo, Mexico; used 
by CIMMYT 
LO: Observation Lines (Lineas de 
Observacin) 
Los Mochis: the Fuerte Valley 
Agricultural Experiment Station 
(Campo Agricola Experimental Valle 
del Fuerte), administered by the 
National Institute of Agricultural 
Research (INIA): 40 m elevation, 
26'N latitude 

LSD: least significant difference 

m: meter(s) 

MAV: an isolate of barley yellow 

dwarf virus transmitted specifically

by the aphid Sttobion avenae 

(Formerly Macrosiphirnaverna) 

MexicaUi: experiment station 

administered by the National 

Institute of Agticultural Research 

(INIA) 1 in elevation, 321N latitude 

mm: millineter(s) 

mono-5B: a genetic stock of the 

Chinese Spring variety of bread 

wheat in which one number of the 
normally paired chromosome 5B is 
missing: in intergenerir hvbrids 
lacking this chromosome, pairing is 
enhanced at meiosis 
MPS: multiplication plots 
MT: million metric tons 
NARC: National Agricultural 
Resear-h Centre, Pakistan 
NFA: National Food Authority, the 
Philippines 
NPBS: National Plant Breeding 
Station, Kenya 
nursery: a small amount of seed or 
a small number of plants of a line or 
variety used in an experimental plot 
NWDSN: National Wheat Disease 
Screeiing Nursery. Pakistan 
NWFP: Northwest Frontier Province, 
Pakistan 
NWPP: National Wheat Pilot Project, 
the Philippines 

NWRTN: National Wheat Rust Trap 
Nursery, Pakistan 
OCEPAR: Organization of 
Cooperatives of the State of ParanA 
(Organizacao das Coopcrativas do 
Estado do ParanA), Brazil 

OPC: Observation for Parental 

Collections 

Patzcuaro: the Tarascan Mountains 
Agricultural Experiment Station 
(Campo Agricola Experimental 
"Sierra Tarasca"), administered by 
the National Institute of Agricultural 
Research (INIA): 2180 n elevation, 
18("N latitude 
PAV: an isolate of barley yellow 
dwarf virus transnitted 
nonspecificallv by Rhopalosiphtml 
podi and Sitobion avenac 
PBI: Plant Breeding Institute, 

Cambridge, England 

PC: small seed mult'r;deation plot

(parcela chica); alsr Parental 

Collection, Kenya 

PCARRD: Philippine Council for 

Agricultural Resources, Research, 

and Development 

PDYT: Preliminary Durul Yield 

Trial 

PNC: National Cereals Prograin 

(Programa Nacional de Cereales) of 

the National Institute for 
Agricultural Research and Extension 
(INIPA), Peru 
Poza Rica: The Poza Pica 
Experiment Station, administered by 
CIMMYT: 60 in elevation, 21"N 
latitude 
ppm: partis per million 
Pre-OPC: Preliminary Observation 
for Parental Collections 
PSH Pucciniastriforinis f. sp. 
horti 
PST: Puciniasiiulbrni Iritici 
PWYT: Prcli'n.- v Wheat Yield 
Trial 
qq: quiinlals (10 qq = I t: I ciiilntal 
= 100 kg) 
r 2 : eoefficient of determination 
RDYT: Regional Duruni Yield Trial 
RFDYT: Regional Rainfed Duruni 
Yield Trial 
Rio Bravo: the Rio Bravo 
Agricultural Experiment Station 
(Campo Agricola Experimental "Ric 
Bravo "). adnilistered by tilt' 
National Institute of Agricultural 
Research (INIA): 30 in elevation. 
26"N latitude 

RWYT: Regional Wheat Yield Trial 
Sanidad Vegetal: the Mexican 
Plant Protection and Quarantine 
Agency 
SIN: Selections from International 
Nurseries 
SNACWYT: Screening Nursery for 
the African Cooperative Wheat Yield 
Trial 
SRSN: Scab Resistant Screening 
Narsery 
t: metric ton(s)
 
Tampico: experimenit station
 
administered by tht NJational
 
Agricultural Researcn Institute 
(INIA); 4 m elevation, 221N latitude 
Tepatitlan: experiment station 
administered by the National 
Agricultural Research Institute 
(INIA); 1700 m elevation, 20'N
 
latitude
 
t/ha: metric toil(s) per hectare
 
Tlaltizapan: the Tlaltizapan 
Experiment Station, administered by 
CIMMYT; 940 m elevation, 191N 
latitude 
Toluca: the Toluca Experiment 
Station, administered by CIMMYT; 
2640 m elevation, 201N latitude 
TON: Thailand Observation Nursery 
top cross: a cross between an F 1 
and a variety or line genotypically 
different from either of the parental 
varieties or lines 
ULVA: u!tra-low volume applicator 
UNA: National Agriculture 
University (Universidad Nacional 
Agraria), Peru 
UPLB: University of tile P!,ilippines 
at Los Bafios 
USAID: United States Agency for 
International Development 
USDA: United States D)epartment of 
Agriculture 
VEOLA: Disease and Observation 
Nursery in Latin America (Vivero de 
Enfermedades y Observaci6n en 
Latinoanlrica) 
WMFT: wheat meal fermentation 
tine 
WON: Wheat Observation Nursery 
WST: Wheat Scptoria Nursery 
yellow rust: synonym of stripe rust 
YRPC: Yellow Rust Parental 
Collection 
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