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1. Program Overview

The diverse projects carried out by the Cereal Improvement Program
were oriented towards assisting national programs to increase
productivity and yield stability of barley, dunm wheat, and bread
wheat, particularly in rainfed areas. The camodity focus of projects
within the Program was maintained, but the importance of the unique
farming systems present in WANA were considered as each project was
formulated. One of the Program’s strong points is the milti-
disciplinary approach employed in cereal improvement. Breeding,
agronomy,  crop  physiology, pathology, entomology, grain quality,
biotechnology and interaction with national program. are welded
together into an integrated team. In addition, other ICARDA programs
such as the Genetic Resources Program, the Farm Resource Management
Program, the Food ILegume Improvement Program, and Computer Services
contributed in various ways to the Cereal Program’s research effort.

A major 1987/88 activity for the Cereal Program, as well as for
the rest of ICARMA, was the second evaluation by an external review
parel called in TAC terminology the External Programme Review (EPR) .
Over the past year a select panel of TAC appointed scientists examined
the Program’s activities, achievements and projections. Their review
effort culminated in an intensive series of discussions at Tel Hadya in
June 1988 with scientific and management staff. We in the Cereal
Program greatly appreciated this opportunity to review in-depth our
activities and to receive constructive suggestions for further
endeavors. We were especially gratified that the panel recognized the
full sweep of Cereal Program contributions to cereals research and
training, encoureging staff and management to continue for the most
part in the direction already charted. We have embraced the EFR
panel’s major recommendation to define and strengthen our current
collaborative project with CIMMYT with the aim of providing NARS with
the penefits of tw> complementary international centers. A new
agreement has subsequently been reached between ICARDA and CTMMYT for
collaboration in cereal improvement in the WANA region. The agreement
will allow the efficient use of OGIAR resources for increased benefit
to NARSs. The agreement includes the posting of a third CIMMYT wheat
scientist at ICARDA and the implementation of a new system of wheat
germplasm distribution in WAMA. Wheat germplasm derived from ICARDA
Aleppo, and CIMAYT, Mexico, will be pooled in joint screening nurseries
to be distributed from ICARDA to NARSs in WANA.

The major achievements of the Cereal Program in 1987/88 are
highlighted hereafter.

~The Program continued to refine breeding philosophy and approach
based on the idea that germplasm for specific stresses is difficult to
identify unless the material under selection is exposed to those
stresses.  Among the findings of the Program were: 1) selection
progress can be made even in harsh envirorments, 2) the identification
of physiological and morphological traits associated with higher yields
unde- stress conditions, and 3) water use efficiency can be both
genet ‘cally and agronomically manipulated.



-Selection techniques and methodologies were developed and
refined. Examples are the different time of sowing used to expose
material wunder selection to different stresses at different
phonological stages and the increased use of experimental designs
better suited to handle envirommental variation. Ancther example is
the use of multi-loccation testing and selection to identify suitable
genotypes for different enviromments and to develop genetic material
with increased yield and production stability.

~In meeting the challenge of harsh enviromments the Program
increasingly used landraces and wild relatives, with a strong focus on
the preservation and utilization of their var1ab111ty New accessions
of Hordeum gpontaneum were evaluated, some of which hold promise for
stressed envirommenis. Efforts on evaluation, documentation, and
utilization of durum iandraces and primitive forms of wheat expanded to
cover wild relatives of wheat such as Aegilops and other members of
Triticeae. Selected trait-specific germplasm of durum wheat was
provided to evaluators in national programs through a network of
cooperating institutions.

-The effectiveness of CP breeding strategies were proven by the
increasing fregquency of germplasm selection by NARS for different
agroecological conditions and farming systems, particularly in WANA.
Approximately 32 barley, 26 durum wheat, and 30 bread wheat varieties
are known to have been released by NARS by using CP germplasm (Table
1). The release of Cham 3 (Korifla), a durum wheat identified by Syria
as an improved variety for the B zone where a locally adapted landrace,
Haurani, has been successfully grown for many centuries, was a major
achievement and indicates the success of CP breeding philosophy for
sevnrely stressed enviromments.

-During 1987/88, stress physiology research was oonmderably
strangthened with the objective of supporting breeding programs in
seluction methodologies for abiotic stresses. Work on gas-exchange of
barley and wheat genotypes under drought consistently showed that
karle has a higher water use efficiency than wheat. A strong positive
correlation between C-13 discrimination and yield was found for barley
genotypes grown under severe stress. This technique is being further
ass&&adasascreen.mgtool for cereal improvement in dry areas. An
intermational symposium, "Improving Winter Cereals Under ‘IWemperature
and Salinity Stresses," October 26~27, 1987 was organized in Cordoba,
Spain.

-The evaluation of about 2500 bharley genotypes in three
contrasting enviromments confirmed for the third consecutive cropping
season that there may be a trade off between yield potential in
favorable conditions and yield under stress conditions. The breeding
strategy followea by the barley project, which is based on different
plant characteristics for stress and moderately favorable corditions,
has therefore been consolidated.

-Results in durum wheat breeding showed that drought tolerance can
be improved without reducing yield potential. Under dry conditions, a
longer peduncle length appeared to be a desirable trait. In bread
wheat breeding, the use of a modified bulk method coupled with multi-




location testing allowed a strong selection pressure for disease
resistance in early segregating generations. As a result the level of
stem rust and yellow rust resistance in aavanced lines has been
considerably upgraded.

-Work on haploid breeding using anther culture and the H. bulbosum
technique was initiated in collaboration with advanced institutions in
France and Japan. Facilities for in vitro techniques were developed.
An H. bulbosum nursery initially comprised of 206 accessions was
established.

~-A breeding technique based on primordium development and other
screening methods for cold and drought toleraince was developed to
generate improved germplasm for high altitude areas. An International
Symposium on Winter Cereals and Food Ilegumes Production in High
Elevations Areas of West and Southeast and North Africa wes held at
Ankara, Turkey in July 6-10, 1987. National program participants from
countri% with major high altitude areas agreed to develop arA
participate in a network of cereal improvement for such areas.

~Several barley and wheat germplasm pools resistant to a major
disease, such as yellow rust, bunt, septoria or scald were developed.
Genotypes with multiple diseace resistance were identified and made
available to NARS. Seedling screening techniques were developed to
detect partial resistance to scald and barley leaf stripe. Work on
seedling screening for disease is being expanded with the availability
of controlled enviromment chambers.

-Genetic stocks possessing resistance to wheat stem sawflies,
aphids and Hessian fly were assembled for use in c,rossmg programs.
Networking efforts with naticnal program scientists in the Nile Valley,
North Africa, Sub-Saharan Africa, and West Asian countries were
improved.

-The evaluation of quality parameters (for food, feed, and straw)
was considerably refined and strengthened. Methodoloyies were
standardized and made available to NARS.

“The demand for internmational nurseries continued to increase as
the quality and types of turseries substantially immroved over the last
five seasons. Nursery reports became more sophisticated and
informative, and were made available to the cooperators much earlier
than before. Promising lines nominated by national scientists were
included in observation nurseries for the first time. Cluster analysis
and regressions were carried out on grain yield data from regional
yield trials to further aid breeders target their varieties to specific
envircmments.

-Luring the season, ICARDA cereal scientists trained over 150
national program participants in specialized short courses, individual
non-degree or dgraduate research training, and in in-country and
residential courses. 1In addition, scientists from the region visited
the Program for various periods. During the last five years, over 400
NARS researchers part.icipated in various cereal training courses. As a
result of these training act1v1t1es, national scientists are
1ncreasmgly beocmlng partners in research and technology transfer, and
there is an increasing rate of adoption of our research products, i.e.
methodologies, techniques, and germplasm, by NARS.



-The Program developed subregional networks that concentrate on
problems unique to each subregior. Such networks develop leadership
and responsibility in the national programs and foster a collaborative
atmosphere among them and with ICARDA. For example, Cyprus is taking
the lead in identifying early barley and durum wheat lines for areas
with mild winters and low rainfall. Egypt assumes specific
responsibility for identifying aphid resistant germplasm, and Turkey is
capable of assuming greater responsibility in high elevation cereals
research. North African, West Asian, Nile Valley, Arabian Peninsula
and highlands regional networks were initiated or strengthened.

-There was a marked increase in CP publications, and increased
requests for Program Scientists to contribute to international
conferences. The Program itself organized several workshops and
international symposia. As a result there is an increasing
international recognition of CP’s scientific contributions in WANA and
in the scientific community at large.

The remainder of this dic.uwent reports detailed research results
fram each project, concentrating on those derived during the 1987/88
cropping season. This report therefore constitutes an inventory of the
Program’s activities over the past season as well as describes in~depth
a few selected topics. The Program’s collaborative activities with
NARS and institutions outside WANA are also described.

Staff Changes

During 1987/88 Dr. rhilippe lLashermes, formerly with the Plant
Breeding Department of INRA-France, joined the Cereal Program on a
biotechnology special project supported by the French Ministry of
Foreign Affairs and the Ministry of Research and Technology. Dr.
Mohammed Tahir, the Program’s wheat breeder for high elevations, left
for a one year sabbatical at Colorado State University in Fort Collins,
Colorado, USA. Dr. Ardeshir B. Damania, durum germplasm scientist, was
appointed in charge of a new project on the evaluation of wild
progenitors and primitive forms of wheat. Ms. Rosella Franconi was
also appointed to assist in the laboratory work of this project. in
Viterbo, Italy.

J.P. Srivastava



Table 1. Cereal varieties released by national programs as cof Nov.

1988.
Country Year of release Variety
Barley
Algeria 1987 Harmal
China 1986 Gobernadora
Cyprus 1980 Kantara
Ethiopia 1981 BSH 15
1984 BSH 42
1985 Ardu
Iran 1986 Aras
Jordan 1984 Rum (6-row)
1988 Petra
Maru
Amra
ACSAD 75
Mexico 1986 Mona/Mzq/DL71
Morocco 1984 Asni
Tamellat
Tissa
1988 Tessaout
Aglou
Rihane
Nepal 1987 Bonus
Pakistan 1985 Jau-83
1987 Jau-87
1987 Frontier 87
Peru 1987 Una 87
Nana 87
Portugal 1982 Sereia
1983 CE 8302
Qatar 1982 Gulf
1983 Harma
Saudi Arabia 1985 Gusto
Spain 1987 Rihan
Syria 1987 Furat 1113
Thailand 1987 Semangl IBON 48
1987 Semeng2 TBON 42
Tunisia 1985 Taj
Faiz
Roho
1987 Rihanets"
Yemen AR 1986 Arafat

Beecher



Table 1. (cont’d)

Durum vheat

Algeria

Cyprus

Jordan

Saudi Arabia
Spain

Syria

Tunisia
Turkey

1986

1982
1984
1982
1984
1979
1988

1982
1983
1984
l9g5
1985
1988
1988
1988
1988
1987
1985

1984
1985
1983

1984
1985
1987
1983
1885
1984
1987

1987
1984
1985

Sahl

Waha

ZB S FG’S’/IUKS GO
Timgad
Mescaria
Karpasia
Schag I
Sohag IT

Beni Suef
Selas

Sapfo

Skiti

Samos

Syros

Korifla = Petra
Cham 1 = Muru
N-432 = Amra
Stsork = ACSAD 75
Belikh 2
Marjawi
Ghuodwa

Zorda

Baraka

Qara

Fazan

Marzak
Wadhanak
Celta
Timpanas
Castico
Heluio

Cham 1

Mexa

Nuna

Cham 1

Cham 3
Bohouth 5
Razzak

Susf bird
Balcili



Table 1. (cont’d)

Bread Wheat
Algeria 1982 Setif 82
HD 1220
Bgypt 1982 Giza 160
1988 Giza 162
Giza 163
Giza 164
Sakha 92
Ethiopia 1984 Dashen
Batu
Gara
Greece 1983 Louros
Pinios
Arachthos
Iran 1986 Golestan
Azadi
1988 Darab
Saludan
Quds
Jordan 1988 Nasma = Jubeiha
v 183 = Rahbba
Libya 1985 Zellaf
Sheba
Germa
Morocco 1984 Jouda
Merchouche
Pakistan 1986 Sutlej 86
Portugal 1986 LIZ 1
LIZ 2
Sudan 1985 Debeira
1987 Wadi El Neel
Syria 1984 2
1986 Cham 4
1987 Bohouth 4
Tunisia 1987 Byrsa
Yemen AR 1983 Marib 1
1987 Mukhtar
19886 Aziz
1988 Chumran
Yemen PIR 1983 Ahqaf’

1988 SW/83/2




2.1. Barley Breeding

Barley is the most important cereal crop in unfavorable
enviromments. In developing countries it is grown on about 17 million
ha, of which 75% are in West Asia and North Africa (WANA) . According
to "Agriculture: Towards 2000", it is expected that WANA will be
characterized by a gradual shift from direct to indirect consumption of
cereals. As a consequence while the demand of cereals for food will
increase at the same rate as population growth, the demand for feed
(mostly barley) will increase at twice the rate of population growth.
Barley area in WANA is expected to increase from 12.7 million ha (1983)
to 15.5 million ha by the year 2000 (Table 2). About 50% of the area
planted to tarley will still be in enviromments where insufficient
moisture is tre main limiting factor. An additional 25% of barley
hectarage will be planted where encessive water and/or unsuitable soils
are the main yield limiting factors. This leaves only one quarter of
the total barley area where potential yields per unit area may be
attained. The relatively favorable area now contributes almost 33% of
the total barley production in WANA (Table 3), and by the year 2000 is
expected to contribute more than 37%.

Outside of WANA barley is an important crop in the Andean Region
of Latin America, in the Himalayan countries, in the Indian
subcontinent, in China and Korea. In all those countries barley is
mostly grown for human consumption. In ILatin America, barley is one of
the few crops adapted to cultivation in the extensive highlands of the
Sierra. It has considerable frost tolerance and is adapted to high
altitudes and poor soils. In the Sierra, barley is grown by poor
subsistence level farmers and is utilized as a basic food staple by
their families. Barley contributes 20% of the total caloric intake of
these people, second only to potatoes (21%), as shown in some Peruvian
econamic surveys.

The overall objectives of the barley improvement project are: to
increase barley production and to assist the national programs in WANA
and beyond. To achieve these dbjectives two major approaches are
followed:

1. Development and dissemination of germplasm and/or research
methedologies,

2. Continuous stre.gthening of research capabilities of national
programs (NARS).

The two approaches are camplementary to each other, and deperding
on the status of the barley research in different countries, different
cambinations of both approaches are often needed. We expect that, as
national programs will become more self-reliant, our assistance and
interaction will be oriented towards the transfer of methodologies and
the development of increasingly specific germplasm. During 1987/88 we
began to modify our interaction with national programs including those
of Syria, Morocco, Pakistan and Ethiopia by encouraging the development
of national barley breeding programs.



Table 2. Barley Area (1000 ha) in WANA in 1983 and in 2000 (From:
"Agriculture: Towards 2000%).

Agroecological No. of Growing 1983 2000
zones* Days Area % Area %

Low or Uncertain

Rainfall (Arid up to 179 6693 52.7 7289 47.1

and Semi-Arid)

Problem Areas >269 2311 18.2 3132 20.2
(Dry sub-humid) (120-296) +

Naturally Flooded n.a. 675 5.3 1129 7.3
(Moist sub~humid)

Good Rainfall (Humid) 180-269 1552 12.2 2066 13.4

Irrigated n.a. 1470 11.6 1854 12.0

Total 12701 15470

* As defined by FAO Agro—ecological Zone Study
+ Areas with soils only marginally suitable
n.a. = not available,

Table 3. Barley producticn (1000 t) in WAN® in 1983 and in 2000.

Agroecological Mo. of Growing 1083 2000
zones* Days Prod. % Prod. %

Low or Uncertain
Rainfall (Arid up to 179 5931 43.7 9577 36.6
and Semi-Arid)

Pruislem Areas >269 2593 19.1 5525 21.1
(Dry sub~humid) (120-269)+

Naturally Flooded n.a. 609 4.5 1280 4.9
(Moist. sub-humid)

Good Rainfall (Humid) 180-269 2590 19.1 5287 20,2

Irrigated n.a. 1858 13.7 4485 17.2

Total 13581 26144

* As defined by FAO Agro—ecological Zone Study
+ Areas with soils only marginally suitable
n.a. not available.



In the interaction with national programs it is important to
generate and offer gocd and durable products. Freguently germplasm (as
a product) is not locally adopted, while techniques, methodologies and
st.rategles, if adequately tested, are both applicable and durable. It
is therefore important to maintain a strong, solid research program
able to generate both germplasm and methodologies.

To cope with the diversity of envirommental conditions where
barley is grown, the barley improvement project aims at ‘echnology
development for:

1) moderate rainfall,

2) low rainfall,

3) high elevation with continental climate,
4) high elevation at low latitudes.

The activities of all four components have two major features: 1)
they are geared to the improvement of a commodity crop in a farming
system context, and 2) they are oriented towards generation of both
germplasm and methodoloyies.

Results obtained during the 1987/88 cropping season will be
presented in five sections:

1) Performance of barley germplasm within and outside WAMA.
2) Evaluation and development of germplasm,

3) Breeding for moderate rainfall areas.

4) Breeding for low rainfall areas.

5) Breeding for high elevation areas at low latitudes.

The activities related to high elevation areas with continental climate
will be reported in section 2.4.

. Performance of barley germplasm within and outside WANA.

A number of barley lines have outyielded the national checks in
Regional Yield Trials for both moderate and low rainfall areas.

The average yield of the lines included in the Regional Yield
Trials for mcderate rainfall areas was 3% lower than the long-te.m
check (Beecher) in 1985/86 and was 5% higher in 1986/87 (Table 4).
indicates that a larger number of lines possess a higher yleld
potential. The lines shown in Table 4 significantly outyielded
(P<0.05) the national check in countries such as Iran, Iraq, Jordan,
Lebanon, Syria, Algeria, Egypt, Morocco, Tunisia, Korea and Pakistan.

In the Regional Yield Trials for low rainfall areas the average
vield of lines evaluated in 1985/86 was 15% lower than the long-term
check (Beecher) but was 1.5% higher in 1986/87 (Table 5). The lines
shown in Table 5 significantly outyielded (P<0.05) the national check
in countries such as Iran, Jordan, Syria, Morocco, Algeria, Eqypt,
Greece ard Pakistan.

In addition to the lines shown in Tables 4 and 5 a mumber of other
lines outyielded the national check. A summary of the performance of
barley lines in different countries is given in Tables 6 and 7 which
show that the number of lines outyielding the national check in the
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moderate rainfall a.as is larger than the number of lines outyielding
the national check in low rainfall envirorments. It should be noted
that a rnumber of lines performed well outside the WANA region, in
countries such as China ard Korea.

Table 4. Performance of barley lines in the regional yield trials
1985/86 and 1986/87 for moderate rainfall areas.

Cross/Pediqgree Average Yield*
1985/1986 1986/1987
As46/Aths*2
Sel, 2L~1AP-3AP-2AP-1AP-1AP 4286 5448
CI 08887/CI 5761 - 5399
SEA, 0013-24S-3S~0S
Iris/Nopal’s’ 3819 5037
QMB 77A-0056-1AP-0AP
Long-term check 3707 4612
Average of all lines 3589 4860

* 18 locations in 1985/86 and 22 locations in 1986/87.

Table 5. Performance of barley lines in the Regional Yield Trials
1985/86 and 1986/87 for low rainfall areas.

Cross/Pedigree Average Yield#
1985/1986 1986/1987

Mr25-84/Ahiki 3421 4677
CYB-0165-14A-2A-1A~-0A

Roho/Mazurka 3387 4431
I1CB77-0170~1AP-1AP-0AP

Roho/Mazurka 3436 4440
ICB77-0170-4AP-1AP-3AP-1AP-0AP

Long-term check 3856 4045

Average of all lines 3289 4104

* 25 locations in 1985/1986 and 22 locations in 1986/1987.



Table 6. Number of barley lines in the Regional Yield Trials for moderate rainfall areas which
autyielded significantly the national check in 1986/1987.

Country Numbar of Number Best line(s)
locations of lines Cross Pedigree

Algeria 3 13 AS46/Aths*2 Sel, 2L~1AP-3AP-2AP-1AP-OAP
CI 08887/CI 5761 SEA-0013-24S-35-0S

Egypt 4 9 Soufara-03
As46/Atho*2 Sel, 2L-1AP-3AP-2AP-1*P-0OAP

Lybia 1 2 Comp. Cr. 229//As46/Pro ICB78-0752-1AP-1AP-0AP

Morocco 2 2 CI 08887/CI 5761 SEA-0013-24S5-3S5-0S

Tunisia 1 1 " "

Iraq 1 1 M64-76/Bon//Jo/York. . CMSWB~77A-0164-2AP-0AP

Iran 2 7 Lth/3/Nopal’S’//Pro/11012-2 QMSWB-782-0044~3AP-7AD-0AP
WI2291/4/11012-2/70-22425/.. ICB78-0035-1AP-0AP

Jordan 1 9 CI 08887/CI 5761 SEA-0013-24S-35-0S
Qgy/Cny//Apn/3/12410/4/

Lebanon 3 6 " "

Syria 3 20 AsS46/Aths*2 Sel, 2L~1AP-3AP-2AP-1AP-OAP

Turkey 1 1 n "

Korea 1 11 Iris/Nopal’s’

Pakistan 3 13 Soufara-03
As46/Aths*2
Harma-01

Ethiopia 2 6 Iris/Nopal’s’ B 77A-0065-1AP-0AP

* Exclud.ng the checks.

4



Table 7. Number of barley lines in the Regional Yield Trials for low
rainfall areas which outyielded significantly the national
check in 1986/87.

Country No. of No. of Best line(s)*
locations lines Cress Pedigree
Algeria 1 2 WI2291/WI 2269 ICB78-0594-8AP-1AP-0AP
Eqypt 3 5 Roho/Mazurka ICB77-0170~1AP-1AP-0AP
Mcrocco 5 10 Mr25-84/Akiki CYB-0165~-14A-2A-1A-0A
WL 2269
Iran 3 3 Harmal-04
Mr25-84/Akiki CYB-0165-14A~2A~1A~-0A
Jordan 1 1 Mr25-84/Akiki "
Syria 4 5 Mr25-84/Akiki "
Roho/Mazurka. ICL77-0170-1AP-1AP-0AP
China 1 1 Deir Alla 106/Cel ICB77-0091-4AP-0AP
Pakistan 3 2 Roho/Mazurka ICB77-0170-1AP-1AP-0AP

* Excluding the checks.

2. Evaluation and development of germplasm.

The type of germplasm evaluated during 1987/88 at the Aleppo-based
pruject is summarized in Table 8.

Table 8. Barley breeding material evaluated during 1987/88.

Materials No. of Locations
Entries
Fl’s 1832 Tel Hadya
Segregating Populations
(F2-Fn) 10817 Tel Hadya (*F2), Bouider (F2-F3)
Initial Yield Trials 1650 Bouider, Breda,Tel Hadya
Preliminary Yield Trials 720 Bouider, Breda, Tel Hadya
Advanced Yield Trials 400  Bouider, Breda, Tel Hadya*, Athalassa,
Terbol, Merchouch, Ie Kef, Perugia
Crossing Blocks 940 Bouider, Tel Hadya, Athalassa
Observation Nurseries 308 Bouider, Tel Hadya, Athalassa, Terbol,
Perugia, Catania
Regional Yield Trials 60 Bouider, Breda, Tel Hadya, Athalassa,

Terbol, Perugia, Catania

* two planting dates.



As indicated in the Table the project used the same sites as in
the past years. Most of the early generation work is conducted in the
Aleppo province (Bouider, Breda and Tel Hadya), while the more advanced
material is tested in a progressively larger number of locations.
Other locations, reported in the Pathology Section, provide information
on reaction to diseases.

Three major climatic events characterized the 1987/88 cropping
season in the three sites in Aleppo province: 1) the unusually high
rainfall, 2) a cold spell at tillering stage, with minimm temperatures
ranging from -7.4°C at Tel Hadya to -11.5°C at Bouider, and 3) terminal
drought and heat stress caused by hot winds during the last week of
April.

The first event. had negative effects on the work for low rainfall
areas, which were partly compensated in the advanced 1lines by
information generated by late planting (April 16, 1988) at Tel Hadya.
The second event was useful to screen for cold tolerance at early
stages of growth, although it did not seriously affect yield. The third
event, which led to premature desiccatior of a mmber of genotypes,
made it impossible for the first time in the last four years, to
harvest the yield trials at Breda.

Some methodological changes were either introduced or implemented
in 1987/88. These include:

a) the bulk pedigree method of selection has been modified as indicated
in the 1987 Program Report (pg. 25).

b) the technique of late planting at Tel Hadya wes further improved by
delaying the planting date to April 16. Furthermore, whereas this
technique was previously used only for advanced lines, it has now
been extended to the F, segregating populations. This allowed the
identification of spring habit segregants in spring x winter
crosces.

c) the modified augmented design, previously used for the Initial Yield
Trials at all three locations (see Table 8), was substituted by a 9
X 9 simple lattice design at Bouider.

d) a much wider use was made of the summer nursery at Terbol, not only
for segregating populations, but also for rapidly increasing head
selections in the bulk pedigree method.

2) we started to implement a system by which in the near future we will
have a full selection history for each line reaching the advanced
vield trials. This should further improve our ability to compare
the efficiency of different selection criteria.

f) a new nursery, the "Barley Breeding Stocks" was established which
includes about 550 genotypes divided in 13 groups according to one
ajor characteristic (e.g. earliness, yield potential, drought
tolerance, cold tolerance, resistance to specific diseases, etc.).
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The purpose of this nursery is to provide NARS with 1ines possessing
a high expression of a given character as parental material. The
nursery, or specific groups within the nursery, will be distributed
upon request. The camposition of the nursery will be changed as new
genotypes with better expression of a particular character became
available.

Three points of note in the evaluation and development of germplasm
were:

a) The improved characterization of photoperiod response and
vernalization requirement

b) The identification of genctypes cambining prostrate growth habit and
earliness

c) Identification and utilization of genotypes resistant to Barley
Yellow Dwarf Virus (BYDV).

Photoperiod response and vernalization requirement

The characterization of the barley germplasm for both response to
photoperiod (PR) and vernalization requirement (VR) is an important
step in tailoring breeding material for specific agroecological zones.
The aim of this characterization is to know both PR and VR before
promoting genotypes to international nurseries, rather than to select
for photoperiod insensitivity and spring types. National programs
located in high elevation with continental type of climate or in dry
areas with cold winters can usefully exploit the photoperiod sensitive
and winter types germplasm pool.

Barley is a quantitative long day species (responding to short
nights) which is affected by short-day-vernalization, and therefore the
assessment of PR can be done only in relative terms unless a specific
evaluation is conducted covering a wide range of photoperiads.

Our preliminary information on PR and VR of lines evaluated in the
Advanced Yield Trials was derived from the late planting (April 18,
1988) at Tel Hadya, and from Ciano (Mexico) at 27° 29’latitude. Mean
temperatures at Tel Hadya after April 16 were never below 9°C and
therefore genotypes with some degrees of VR were not expected to head.
At Ciano there are about 35 days with minimm temperatures below 59¢
with an absolute minimm of -1°C (H. Vivar, pers. commnication) and
therefore genotypes with VR are expected to head unless they have some
degree of photoperiod sensitivity. The comparison of days to heading
between Tel Hadya late planting and Ciano was used to Classify the
advanced barley lines into four groups (Table 9).

Within the limitations of this classification it was found (Table
10) that 81.4% of the advanced lines are spring types and that 18.6%
are winter types. Furthermore 67.5% of the lines are photoperiod
insensitive and 32.5% are photoperiod sensitive.
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Table 9. Classification of advanced barley 1lines in relation to
photoperiod response (PR) and vernalization requirement (VR).

Heading at
PR VR Tel Hadya late planting(1) Ciano(2)
Insensitive - Early Early
Insensitive + Late Early
Sensitive - Early late
Sensitive + Late Late

(1) Iate genotypes are those that remained in vegetative stage or
produced few heads per plot.
(2) late genotypes are those with more than 95 days to heading.

Table 10. Photoperiod response and vernalization requirement of all
advanced barley lines (n=360) and of those selected in 1987
under severe stress corditions (n=112).

Vernalization Reaction to Selected in 1987
requirement photoperiod N % under stress conditions

N %
Winter Type Sensitive 48 13.3 12 10.7
Winter Type Insensitive 19 5.3 8 7.1
Spring Type Sensitive 69 19.2 10 9.0
Spring Type Insensitive 224 62.2 82 73.2
Total 360 112

Table 10 also shows that selection under severe stress conditions
(selection for grain yield at Bouider in 1986/87) did not alter the
frequencies of spring (81.2%) vs. winter types (17.8%). However the
112 lines selected in 1986/87 at Bouider had a lower frequency of
photoperiod sensitive genotypes (19.7%) than the total population of
advanced lines (32.5%). Therefore there iz nc evidence that the use of
Bouider as a selection site for stress conditions, might alter the
camposition of ICARDA’s barley germplasm towards types that are
photoperiod sensitive and require vernalization.

Early and prostrate genotypes

In most of the barley germplasm early heading is associated with
erect growth habit while prostrate habit is found associated with late
heading, often with a vernmalization requirement. In enviromments with
cold winters and terminal drought stress, genotypes carbining a
prostrate growth habit and early heading could have an advantage. &



prostrate growth habit, if associaved with early growth vigour, would
allow a rapid ground cover and corsequent reduction of the amount of
water lost wy evaporation, while early herding would ensure a drought
escape mechanism.

In the 1987/88 we identified 10 <enotypes (three in the Advanced
Yield Trials, and 7 in the Initial vYield Tirials) that combined
prostrate growth nabit and early heading (Table 11) when compared with
the prostrate landrace Arabi Aswad and the very early cultivar Harmal.

Table 11. Barley genotypes combining prostrate growth habit and early
heading in the advanced (BAT) and initial (BIT) barley yield
trial 1987/88.

Material Days to Growth Growth Cold
Heading Habit (1) Vigour(1) tolerance(1)

3BAT-LINES 119.7 3.9 2.9 3.7
Harmal 118.8 2.9 2.2 4.4
A. Aswad 125.2 4.4 3.5 1.5

7BIT-LINES 119.0 4.0 3.1 2.5
Harmal 120.1 2.6 2.2 2.9
A. Aswad 126.0 3.4 2.9 1.4

1 = erect (or good vigour or cold tclerant) -5 = prostrate (or poor
vigour, or cold susceptible).

The three lines identified in the Advanced Vield Trials (0.8%;
also had a growth vijour intermediate between A. Aswad and Karmal,
although they are cold susceptible. These three lines headed in the
late planting at Tel Hadya and also headed in Ciano (Mexico) amd
Holetta (Ethiopia, 9° latitude) indicating that they are photoperiod
insensitive and do not require vernalization. The seven lines
identified in the Initial Yield Trials (0.4%) had a better growth
habit-earliness combination and were close to A. Aswad for both growth
vigour and cold tolerance. No information is yet available on either
vernalization requirement or photoperiod response of these lines.

BYDV resistance

Through collaboration with Dr. K. Makkouk (Germplasm Resources
Program) and of Dr. A. Comeau (Canada) 8 barley lines were identified
as reliable and consistent sources of BYDV resistace. Four of these
lines were included in the Barley Crossing Block for 1989 and have
already been used to produce 30 F; during 1987/88. F, segregating
populations derived from {hose crosses will be artificially inoculated
at Tel Hadya and also grown in a "hot spot" in Morocco to increase the
frequency of BYDV resistant plants with different genetic background.

S, Ceccarelli



2. Breeding for moderate rainfall areas

Breeding barley for moderate rainfall areas has four major
camponents:

1) Breeding for disease and insect resistance,
2) Breeding for lodging resistance,
3) Breeding for high grain and straw yields,

4) Breeding for tolerance to short term fluctuations in
enviromnmental conditions,

Breeding for disease and insect resistance

Three major diseases, powdery mildew, scald, and net blotch,
constitute the backbone of the disease resistance breeding efforts.
Selection for other diseases such as rusts (yellow, black, and brown) ,
smuts, barley stripe, and BYDV is also practiced whenever it’s
possible.

Plans for breeding for insect resistance, in cooperation with the
cereal entamologist, have been developed. Wheat stem sawfly and Hessian
fly will be the two major insects to breed for. Lines showing
resistance to wheat stem sawfly will be included in the crossing block
this season.

Powdery mildew

Data from the Advanced Yield Trials as well as from F; families
(2308 families) show that two-row barleys are more resistant to powdery
mildew than the six-row barleys (Figs. 1 and 2). Additional efforts
will go into upgrading the six-row barleys for powdery mildew
resistance.

Sc~1d

Figure 3 shows that six-row barleys are more resistant to scald
than two-row barleys. In this case, the two-row barleys will receive
more attention for scald. Data from F; families (Fig. 4) which were
artificially inoculated (see Pathology Section for details) showed that
the early families are more resistant to scald than late or medium
maturing types. Table 12 gives the pedigrees of the earliest and the
most resistant families. These early resistant families will be
examined in more detail in 1988/89 in the F5 generation (F4 generation
was carried out in the summer nursery).
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Table 12. Pedigree of the earliest and most resistant F; families to

scald.
Cross Pedigree
ID/CM67//Asse/Nacta/3/As46,/Aths*2 ICB05-0042-2AP
Bal.16/Mqy/3/M67-18/M14//Ds/Apro/4/

Iris/5/ROD586/Nopal’s’ ICB85-0064~4AP
Cr.115/Por//Deir Alla 106/3/As46/Aths*2 ICB85-0068-3AP
Cr.115/Por//Deir Alla 106/3/Matnan-05 ICB85-0071-2AP
Cr.115/Por//Deir Alla 106/3/Matnan-05 ICB85-0071-3AP
Comp. Cr. 229/ /As46/Pro/3/Arar ICB85-0157-1AP
Giza 121/CI 06248/4/Apm/IC65//11012-2/3/

Api/QM67//Ds/Apro/5/Aths ICB85-0177-2AP
Api/CM67//Mona/3/DI//Asse/CH65~-TW-B/4/
Assala-02 ICB85-0225-2AP

Arabi Aswad/3/0P/Zy//Alger/Union, 385-2-2  ICB85-0261-1AP
Arabi Aswad/3/0P/Zy//alger/Union, 385-2-2  ICB85-0261-2AD
Arabi aswad/3/0P/2y//Alger/Union, 385-2-2 ICB85-0261-4AP

MD Atl/cm59-3w-B//Arar ICBE5-0582-2AP
Arar/Rihane-03 ICB85-0624~1AP
Arar/Rihane-01 ICB85-0636-3AP
Cbg (CT 10114)/Bongie//Arar ICB85-0818~4AP
Badia/4,/ID601810/Jul ia/Cmn/3/Mich62-201-44/

CI 02274/5/Badia//CM67/Gva TCB85-1144-2AP
Aths/As46 ICB85-1224-1AP
Rihane-03/4/Lth/3/Nopal//Pro/11012-2 ICB35-1323-1AP
Arar//Bc/Bgs ICB85-1595-3AP
Arar/3/Camp.Cr.229//As46/Pro ICB85-1601-3AP
Arar/3/Camp.Cr.229//As46/Pro ICB85-1601~4AP
Arar/6,/0q/Q//Apny/3/Eqypt 20/4/11012-2/

70-22425/5/Ager ICB85-1602~2AP
Net blotch

Data on net blotch from Cyprus (Fig. 3) indicate that additional
breeding effort for net blotch resistance is justified as the best
yielding lines in Cyprus show some susceptibility to this disease.

The disease situation of the Advanced Yield Trials is summarised
in Tables 13, 14 and 15. It appears that a number of lines combine
resistance for at least two diseases. Among these lines, the highest
yYielding are included in the crossing block to upgrade disease
resistance (Table 16).
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Table 13. Disease performance of the Advanced Yield Trials (360
entries). Number and % of lines with a score of 3 or
less (on a 0-9 scale) at different locations.

Diseases Locations No. Lines %
Powdery mildew(PM) Greenhouse (GH) & Tunsia (TUN) 145 40
Scald (Sc) Tel Hadya (TH) & TUN 75 21
Net blotch (NB) Cyprus 1 & Cyprus 2 (CY1&CY2)& TUN 103 29
™ GH, TH, CY1l, CY2, & TUN 97 27
sC GH, Breda, CY1, CY2, & TUN 56 16
M & SC All locations 7 2
M & NB All locations 21 6
SC & NB All locations 11 3
PM, SC, & NB All locations 3 0.8

Table 14. Disease performance of the selected parental lines from the
KIDN (% of the selected lines with a score of 3 or Yess on a

0-9 scale).
Diseases %
Powdery mildew 75
Scald 75
Net blotch 83
Powdery mildew and scald 47
Powdery mildew and net blotch 37

Powdery mildew, scald and net blotch 23
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Table 15. List of the highest yielding and most disease resistant
lines from the advanced yield trials.

Cross

Pedigree

Arizona 5908/Aths/Lignee 640
Arizona 5908/Aths//Asse/3/F208-74
Lignee 527/Sawsan//Bc

Lignee 527/Arar

Emir/Harmal

Mo.B1337/W12291

ER/Apny//AC253

Lignee 640/Harma-C1
5604,/1025//Arabi Abiad /3/Harmal-02
Lignee 1242/Harmal-02

Lignee 527/Badia//Alg.1179 E1.973/3/
Lignee 527/Sawsan//Bc
Atem/Roho//Katade

ICB81-0210-1AP-9AP-CAP
ICB82-1287-3AP-4AP-OAP
ICB82-0426-0SH~1AP-OAP
ICB82-0850-7AP-OAP
ICB83~0835-3AP-0AP
ICB81-2606-2AP-OAP-OAP
ICB82~0707-2AP-OAP
ICB82-0862-10AP-0AP
ICB82-0617-5AP-0AP

ICB82~0757-10AP-0OAP

ICB83-1038-10AP-0AP

ICB82-0557-6AP-OSH-OAP

Table 16. List of the selected lines from
with resistance to powdery mildew,

the advanced yield trials
scald and net blotch.

Cross

Pedigree

ER/Apm//Lignee 131
WI2198/1lignee 131
Lignee 640/Harma-01
Atem/Roho//Katade
Lignee 640/Lignee 527

ICB82-0702-10AP-4AP-0AP
ICB82-0832-3AP-3AP-0OAP
ICB82~0862-10AP-0OAP
ICB82-0557-6AP-QOSH-OAP
1CB81-0628-0SH~-2AP-OAP-OAP
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Diseases and yield performance of selected parents

Thirty lines were selected from the Key locations Disease
Nursery (see Pathology Section) to be included in the crossing block
for upgrading disease resistance of the harley germplasm. Both the
disease performance and yield levels were considered during the
selection of these parents. Powdery mildew data were collected from
the greenhouse and the field at Tel Hadya, from two locations in
Cyprus, and from Tunisia. Scald data were collected from Tel Hadya,
Breda, two locations in Cyprus, and Tunisia. Net blotch data were
collected from two locations in Cyprus, and from Tunisia. Yield data
were collected from the Advanced Yield Trials (Tel Hadya, Bouider,
Cyprus, Terbol, and Morocco with data from Morocco based only on a
visual selection). Among these lines, 74% had a yield equal to or
superior to that of Rihane-03 in at least one location. Seventeen
percent produced as much as or better than Rihane-03 in two locations.

Breeding for lodging resistance

One of the major problems of the barley production under
relatively favorable growing conditions is lodging. Stiff straw and
short stature are the two major traits used to breed for lodging
resistance. Both of these traits can affect straw feeding quality
and/or total biocmass production, and therefore these two traits need to
be manipulated taking into account the value of barley straw to farmers
in WANA. Depending on when it occurs during the growing season,
lodging can reduce yield, decrease quality, and make mechanical
harvesting difficult. lodging resistant parents were included in
crosses to be evaluated as F, families in 1988/89. The Advanced Yield
Trials were also screened for lodgirg resistance in both Tel Hadya and
Morocco and the lines for the observation nursery for the moderate
rainfall areas were selected among the most lodging resistant ones.

In segregating populations (F3-F6), the tall lodging prone
families were eliminated. Most of the selected families were among
those presenting an intermediate height.

Yield potential and high biomass production

In the moderate rainfall areas grain and straw yield determine the
success or the failure of a new variety. High yielding lines should
always make a sizeable component of parental stocks. Selection for
high biological yields and high harvest indices, or selection for
higher biological yields while maintaining harvest irdices constant
will result in higher grain and straw yields. For 1988/89, 15% of the
F2 families are labelled as high biomass families. Efforts were made
to combine high tillering capacity with lodging resistance. Also 33%
of the F2 families are labelled as having high yield potential, disease
resistance, mainly against powdery mildew and scald, and good
adaptation. These families resulted from crosses between selected
lines from the intermational nurseries for high yield capacity across a
wide range of envirorments and the disease resistant parents (selected
from KIDN) .
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Breeding for short term fluctuations in envirormental conditions

Moderate-rainfall areas have a less variable rainfall pattern than
drier areas. However, there are always chances of having fluctuations
in the envirommental conditions (drought, heat, cold, etc.). The
breeder should always try to find a way to cope with these types of
fluctuations.

Although the k.owledge in this area of research is rather limited,

cooperation with the crop physiologist will be helpful. From the
breeding point of wview, utilization of traits such as tillering
plasticity, height stability, as well as using the best lines from the
international nurseries and some of the landraces as sources of
tolerance to these fluctuations are being considered in the program.
At the present stage of the program, four of the best performing lines
across a wide range of enviromments (Rihane-03, ER/Apm, Assala-04 and
Ar46/Aths*2) were used in crosses to try to incoporate tolerance to
short term fluctuations in the enviromment. This is based on the idea
that these lines, given the wide range of ernviromments to which they
were exposed, must have experienced scme stress at certain stages of
their dev:lopment.

The Rihane story

Rihane-03, a well performing barley line across different
enviromments, l:as been evaluated on on-farm yield trialsz in Syria for
three years (Table 17) and has proved to be an outstarriing line. 1In
1987/88 Rihane-03 had a grain yield ranging from 3800 to 5940 kg/ha
across ten locations in Syria. The average yield was 4660 kg/ha.

Table 17. Grain yield (kg/ha) of Rihane-03 in comparison with Arabi

Abiad.
1985/86 1986/87 1987/88 Average
(8 locations) (7 locations) (10 locations)
Rihane-03 2302 2636 4659 3199
Arabi Abiad 2124 2211 3716 2684

Rihane-03 ranked first in eight out ten locations and secomd in the
other two locations. On the average, Rihane-03 produced 125% of the
yield of the local check Arabi Abiad, and 117% of the yield of Furat 1,
an improved check. Rihane-03 is also used as a reference line in
segregating populations and yield trials. All data collected thus far
on this line indicate that Rihane-03 is an outstanding line. Seed
requests for this line were received from different countries in the
region, and it is being considered for release by different programs.

A. Zahour
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3. Breeding for low rainfall areas

The major objective in breeding for lo rainfall areas is to
stabilize yield in those envirorments where bar. -y is the only possible
crop, and where barley planted in conjunction with 1ivestock husbandry
(mainly small ruminants) is the major and often only possible farming
system.

T main breeding methods are being used in this conponent: the

within landraces. In addition we are also evaluating the rvle of
mixtures to assess the role of genetic heterogeneity as a cenetic
mechanism to stabilize grain yield cver time.

Three major sources of germplasm are being used, namely improved
genetic material, local landraces ard Hordeum vulgare ssp. spontaneum
= Hordeum spontaneum). The results of the 1987/88 season will be
summarized under the followirg headings:

a) Effect of selection under dry conditions on yield potential,
b) Evaluation ard utilization of landraces,
€) Evaluation and utilization of Hordeum spontaneum germplasm,.

Effect of selection under dry conditions on yield potential

Results obtained durirg the previous three cropping seasons have
indicated that yield potential (dofined as yield in a nonstress
eivirorment) is a poor selection criterion to identify useful germplasm
for stress envirorments. This applies to other crops such as durum
wheat (Nachit, in press) and pearl millet (Bidinger et al., 1987).

The unusually high rainfall Guring 1987-88 offered the nossibility
of further verifying this finding by analyzing the vield potential of
barley lines that were selected during 1986/87 (a very dry season) for
grain yield under stress conditions.

The 360 lines in the advanced yield trials (Table 18) gave the
highest average yield in Cyprus (5008 kg/ha), and the lowest at Bouider

(2910 kg/ha).

Table 18. Average grain yield (kg/ha) of 360 barley lines evaluated at
five locations in 1987/88.

Location Average* Range

Bouider 2910 e 964-4686
Tel Hadya 4388 b 2403-6849
Cyprus 5008 a 1928-8120
Terbol 3730 c 1469-5252
Perugia 3539 d 1933-5881

* Figures followed by the same letter are not significantly
different (P < 0.05 based on L.S.D. test).
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The top individual yields were recorded at Cyprus and Tel Hadya
with 8120 kg/ha and 6849 kg/ha, respectively. Therefore the yields at
these two locations were assumed to be a good estimate of the yield
potential of the material in the advanced stage of yield testing.
Table 19 shows the camparison between those lines in the advarced yield
trials that were selected in 1986/87 on the basis of different
selection criteria, namely earliness, grain yield at Bouider or grain
yield at Breda.

Table 19. Effect of different selection criteria on yield potential
(Barley Advanced Yield Trials, 1988).

Material No. of Grain yield (kg/ha) at
lines Tel Hadya Cyprus
Mean Range Mean Range
Selected at Bouider 112 4659 2524~6320 5070 1928-7876
in 1987
Selected at Breda 92 4240 2745~6251 4965 1948-8044
in 1987
Earliness in 1987 97 +905 2830-6848 4979 1948-8120
Top 5% for grain 18 6084 5828-6849 7445 7112-8120
yield in 1988
Best check* 5446 5678
Pcpulation mean 360 4388 2402-6849 5008 1928-8120

* Rihane-03 at Tel Hadya and Harmal at Cyprus.

The lines selected at Bouider in 1987 had a wide range of grain
vield both at Tel Hadya and Cyprus and they included a number of lines
which were in the top 5% highest yielding lines. Although as a group
lines selected under severe stress conditions have a relatively low
yield potential under high rainfall conditions, the reduction in yield
potenti~l varies greatly from line to line. Out of the lines selected
in Bouider during 1986/87, about 30% yielded more than St/ha at Tel
Hadya, and 25% yielded more than 6 t/ha at Cyprus in 1987/88 (Table
20).

Earliness is often referred to as a mechanism to escape both
drought and yield. However, same of lines selected in 1987 for
earliness had the highest grain yields at either Tel Hadya (where they

the effect of hot winds during grain filling) or Cyprus during
1987/88. The pedigree of the lines which were selected at Bouider in
1986/87 and where among the top yielders in Cyprus in 1987/83 is given
in Table 21 together with their grain yield compared with three
improved checks.

These results indicate that selecticn for grain yield under severe
stress and for early heading does not necessarily reduce yield
potentjal. Because of the climate during 1987/88 it was not possible
to assess the actual performance under stress conditions of the lines
selected at Pouider or Breda in the previous cropping season.
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Table 20. Frequency distribution of grain yield under favorable
conditions of barley lines selected in 86/87 under severe

stress.
Classes (kg/ha) __Tel Hadya Cyprus
n % n %

>7000 - - 6 5.4
6000 7000 3 2.7 22 19.6
5000 6000 31 27.8 33 29.5
4000 5000 51 45,5 30 26.8
3000 4000 26 23.2 15 13.4
2000 3000 1 0.8 5 4.5

<2000 - - 1 0.8

Table 21. Barley advanced lines selected at Bouider in 1986/87 with
high yield potential (Grain yield at Cyprus).

Cross/Pedigree Grain yield Type
(kg/ha)

Lignee 131/Arabi Abiad 7182 Winter
ICB81-0642-10AP-5AP-0AF

Harmal-02/Arabi Abiad 7876 Winter
ICB82-1922~-3AP-0SH-0AP

Harmal-02/3/0P/Zy//Alger/Union, 385-2-2 7172 Winter
I1CB83-1552-0AP

Bani2 025/Arabi Abiad//Iris/CI 01507 7234 Spring
ICB82-0313-4AP-0AP

Impala/Julia//Api 7389 Spring
ICB78-1085-2AP-2AP~1AP-2AP-0AP

Roho/Arabi Abiad 7109 Winter
1CB81-0431-1AP-0AP-0AP

Rihane-03 5390

Kantara 5509

Harmal 5678

Evaluation and Utilization of Landraces

The main objective of this activity was to develop and test work
models wilh locally adapted cultivars which might be used by national
programs with their own adapted germplasm.
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Iardraces are still widely grown in many dry areas where they
appear to be well adapted to local conditions, are relatively stable
and in areas where both grain and straw are used as animal feed, are
utilized by farmers for their feeding quality.

The initial step in the evaluation and utilization of landraces
was to assess the amount of variation for morphological and agronomic
characters as well as for disease resistance and to determine the
extent tne genetic diversity available within landraces is useful for
breeding purposes. Activity was mainly concentrated on the two widely
grown Syriaa landraces, Arabi Abiad and Arabi Aswad.

In 1984/85 a sample of 420 single-head progenies (out of a
collection of 7000 lines) was evaluated at Breda, and the results
showed that the two landraces grown in Syria are highly variable. 1In
fact a large diversity was observed both between and within collection
sites for morphologicai characteristic (Ceccarelli et al., 1987) and
for disease resistance (van Leur et al.).

The information generated led to proposals on how to utilize
adapted germplasm in a breeding program in different ways, (Ceccarelli,
1984) :

1) release of the highest yielding lines as varieties, after testing
their stability in different envirorments (locations and years),

2) utilization of supeilor lines as parents in the crossing program
to introduce additional desirable characters in an adapted genetic

backgrournd,

3) evaluation of multi-lines built with a variable mmber of pure
lines to achieve a better urderstanding of relationship between
genetic heterngeneity and stability,

4) evaluation by the cereal physiologists of lines showing extreme
expressions of specific attributes but similar for others to
quantify the adaptive role of specific morpho-physioclogical traits
in a given combination with other traits, in stress enviromments.

All the four approaches have been implemented during the last four
years, although the first meaningful results of the miltiline approach
will be available only at the end of 1989.

The first approach is cbviously the quickest way to utilize
readily available genetic diversity ard to identify superior genctypes
for stressful environments. An example of the potential of this
approach is given by Tadmor, a pure line selected from a sanmple
collected at Taibe, near Palmyra. Table 22 sumarizes the results of
three years testing in the on farm verification trials in the third
stability zone of Syria (< 250 mm annual rainfall) where Tadmor has
outyielded A. Aswad espcially under hinhly stress conditions. Tadmor
will be evaluated again during 1988/89 in the on-farm verification
trials for zone C in Syria.
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Table 22. Grain yield (kg/ha) of Tadmor coapared with Arabi Aswad.

Material 1985/86 1986/87 Mean of 1987/88
(6 locations) (6 locations) 1986/87 (9 locations) Mean

Tadmor 2205 866 1536 2459 1748
Arabi Aswad 1941 798 1370 2430 1665
L.S.D. 2.05 142 ns 119 ns ns

Since the results generated from the avaluation of a small sample
of the whole collection were encouraging it was decided to exploit the
genetic value of the 5444 lines still available from the original
collection. So far 2408 lines from landraces have been evaluated (Table
23).

Table 23. Number of lines extracted fram landraces and evaluated and
utilized since 1984/85.

84/85  85/86 86,87 87/88

Evaluation of pure lines 400 1379 609 -
Selection and yield testing \ \

- Initial Yield Trials 656 609

- Preliminary Yield Trials 173 1372

- Advanced Yield trials TTT—g87e— 38
Utilization in crosses

- Crosses 86 168 682

-F 62 86 168 682

- F 24 62 86 168

In 1987/88 372 lines were tested in Preliminary Yield Trials and
609 in Initial Yield Trials. An additional 1336 lines were planted at
Tel Hadya to increase seed.

As already mentioned umusually high rainfall in 1987/88 exer‘ed &
negative effect on the work for low rainfall area. Therefore only
results on cold tolerance ard yield potential will be presented.

In the Preliminary Yield Trials (Table 24) 59% of landrace lines
were cold tolerant (scored 2 or less) compared with 0.6% in improved

germplasm.
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Table 24. Frequency of cold tolerant lines in two different types of
germplasm (Barley Preliminary Yield Trials-Bouider 1988).

Type of No. Frequency of cgld
germplasm tolerant lines
Improved 326 0.6
Landraces 373 59.0

* Lines with an average score of 2 or less in a 1-5 scale.

In the Initial Yield Trials (Table 25) adapted germplasm had an
average score of 1.8 ranging from 1.0 to a maximum of 3.8, while the
improved germplasm was in general more cold susceptible with an average
score of 3.0.

Table 25. Cold damage (mean and range) at Bouider of irproved germplasm
and landraces in the barley initial yield trials 1987/88.

Cold damage

Material n Mean Range
Improved 1041 3.0 1.0-5.0
Landraces 609 1.8 1.0-3.8
Rihane-03 2.8

Harmal 2.9

A. Aswad 1.4

A, Abiad 1.5

Landraces collected in Syria had a higher level of cold tolerance
Table 26) than Jordanian landraces. Within Syrian landraces the
highest. frequency of cold tolerant lines was found in samples collected
in the Gezira area and in the steppe. Those results clearly indicate
that Syrian landraces are important sources of cold tolerance.

The use of landraces in breeding programs has been neglected on
the basis that they are susceptible to diseases and have low yield
potential. This may be true when landraces are evaluated as
populations, hut not when single lines extracted from landraces are
evaluated.

Yield data fram the Preliminary Yield Trials (Table 27) and the
Initial Yield Trials (Table 28) indicate that the average yield of
landraces as group was lower than the grain yield of conventional
germplasm, but that it was possible to identify lines from landraces
that outyielded the best check in Tel Hadya.
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Table 26. Frequency distribution for cold damage score* in landraces
collected from different areas of Syria and fram Jordan
(Barley Preliminary Yield Trials. Bouider 1987/88).

Percent of
Area of Origin n tolerant med. tolerant susceptible
Gezira 144 92.4 7.6 0.0
Central 15 46.7 46.7 6.7
North West 53 60.4 35.9 3.8
South 23 34.8 56.5 8.7
Steppe 34 82.4 17.7 0.0
Jordan 82 1.2 20,7 78.1

* tolerant (score = 1-2)
medium tolerant (score = 2.5-3.0)
susceptible (score = 3.5-5.0)

Table 27. Grain Yield (mean and range) at Tel Hadya and Bouider of
improved germplasm and of landraces in the barley preliminary
yield trials 1987/88.

Tel Hadya Bouider

Material n Mean Range Mean Range
Improved 272 4132 763-5934 3099 973-5272
ILandraces 288 3933 882-6217 2617 220-4775
Rihane-03 5214 3812

Harmal 4819 3834

A, Aswad 3445 2589

A. Abiad 4585 2782

Table 28. Grain yield (mean and range) of improved germplasm and of
landraces in the barley initial yield trials at Tel Hadya and

Breda, 1987-88.
Tel Hadya Breda

Material n Mean Range Mean Range
Impraoved 1041 4388 455-7852 3151 845-6584
Landraces 609 3606 623-6600 3070 1385-5002
Rihane-03 5109 3986

Harmal 4811 3502

A. Aswad 3217 3178

A. Abiad 4366 3807
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Evaluvation and Utilization of Hordeum vulgare ssp. spontaneum

Hordeum wulgare ssp. gpontaneum is che wild progemtor of
cultivated barley. In barley breeding the use of the species as source
of resistance to powdery mildew, rust and scald has been reported by
many authors. It has been indicated that the species also can
contribute useful genes for other attributes.

Although H. spontaneum mlght be expected to have a potential in
contributing useful genes in barley breeding for dry areas, as
suggested by its distribution in the driest areas of the Fertile
Crescent, the species has never been investigated as a source of
genetis. variation for drought resistance mechanisms. Since o large
variability fcr a series of characters has been fowri between as well
as within accessions, the use of the already available collections of
H. spontaneum should go through the following steps:

1) extraction of pure lines,

2) evaluation of pure 1lines for agmncmically useful
characters and identification of promising genctypes,

3) use of selected lines in crosses with cultivated barley,

4) utilization of segregating populations in conventional or
non conventional methods.

A collection of 215 lines (5 lines fur each of 43 accessions of
H. spontaneum was evaluated under oontrolled conditions for the
followmg char>ters: coleoptile length, number of seminal roots,
maximum length of seminal roots. A large variability was observed for
these characters (Table 29).

Table 29. Some morphological differences between Hordeum wulgare and
Hordeum spontaneum

Characters H. spontaneum (r=215) H. wvulgare (n = 10)
Mean Rarge Mean Rarge
Coleoptile length(mm) 58.9 40.0- 81.7 58.8 46.4- 69.2
Root rmumber 4.4 3.2- 5.9 5.9 5.0- 7.3
Root length (mm) 88.7 56.7-123.6 70.0 51.2-109.8

The mportance of a long coleoptile has been reported by Acevedo
(1986) and it 1is interesting to note that although the average
colecptile length of H. spontaneum does not differ from cultivated
barly, there were lines of H. spontaneum with very lorg colemntiles (up
to a maximum of 81.7 mm).

H. spontaneum had less and lomger seminal roots than cultivated
barley. It is known that manipulation of the root system has also been
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pProposed as a possible avenue in breeding for tolerance to severe
moisture stress. In barley as in other cereals seminal roots are
responsible for the initial absorption of moisture and may function
throughout the life of the plants. Under drought or other stress
corditions the adventitious roots often do not develop and plants may
reach maturity growing only on their seminal roots. Passiocura (1972)
has shown that in wheat growing predominantly on stored water a high
hydraulic resistance in the seminal root system, obtained by decreasing
the number of seminal root axes, is an advantage. With this in mind, H.
spontaneum can be an useful source of a low number of seminal roots.

A subset of 55 lines for the same collection was also evaluated at
Bouider during the 1987/88 cropping season in plots of 6 rows at 30 cm
spacing, 2.5 m long, using a simple lattice design 8 x 8 (55 lines + 9
H. vulgare checks) with two replications. Data were recorded for the
following characters: cold damage, growth vigour, days to heading, culm
length, peduncle length, peduncle extrusion, straw yield, ard protein
content.

Table 30 shows the means and ranges for the characters observed on
the 55 lines of H. spontaneum and the 9 barley cultivars. 1In general
H. spontaneum had lower early growth vigour than cultivated barley,
although lines with good growth vigour were also present. Earliness
evaluated as days from sowing to spike extrusion indicates that on
average H. spontaneum did not differ from H. vulgare, but that within
the species very early types are available. Nine lines significantly
earlier than Harmal (the earliest check) were identified. A positive
association between peduncle length and grain yield under stress
corditions has already been found in durum wheat (Nachit, 1986). It was
therefore interesting to find a large number of lines with an
exceptionally long peduncle as well as with a high portion of the
peduncle outside the flag leaf.

Table 30. Differences between Hordeum vulqare and Hordeum spontaneum
(Bouider 1987/88).

Characters H. spontaneum (n=55) H. vulgare (n = 9)* Best
Mean Range Mean Range H. vulgare
Cold damage 3.0 1.0- 5.0 3.7 1.5~ 5.0 Tadmor
Growth vigour 2.9 1.0- 5.0 1.6 1.0- 2.5 Tadmor
Days to heading 141.8 131.5- 152.5 141.1 138.5- 145.5 Harmal
Peduncle length 44.2 32.8- 50.3 23.5 20.3- 32.1 Rihane-03
Peduncle extru. 18.4 8.2- 26.3 4.4 1.0~ 10.5 Rihane-03
Straw yield (t/ha) 4.4 2.8- 6.5 5.1 4.1- 6.1 Tadmor
Straw protein (%) 5.1 2.7- 7.0 3.5 2.8- 4.7 A. dbiad

* Harmal, Rihane-03, Kantara, Arta, Tadmor, SLB 39-10, SLB 39-60,
Arabi Aswad, Arabi Abiad.

For the first time we evaluated both straw yield and straw protein
content. Compared with the best checks (Tadmor for straw yield and A.
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Abiad for straw protein content), same lines of Hordeum spontaneum had
either a slightly larger straw yield or an unexpectedly high straw
protein content. Although very preliminary, these data may offer
additional justification to the use of H. spontaneum.

S. Grando

4. Breeding for high elevations at low latitudes

Among several factors that contribute to low barley production in
the region outside of WANA, the most frequent problems are poor
agronomic practices and susceptibility of commercial varieties to
prevalent diseases.

large-scale barley producers in Ecuador and Colombia often
cultivate barley for the malting industry. They use two fungicide
applications to control stripe rust and leaf rust. The cost of the
chemical is equivalent to 20% of the total cocst of production. Small-
scale peasant farmers do not use chemical control due to his high cost
and to limited access to credit.

During the past five years, the ICARDA/CIMMYT Barley Program has
incorporated genetic resistance to six discases into barley germplasm:
stem, leaf, and stripe rusts, scald, net blotch, and barley yellow
dwarf virus (BYDV).

The introduction of mltiple disease resistance followed a
stepwise approach, where first a template was built with material
resistant to scald and leaf rust, with subsequent resistances being
incorporated later.

In 1988, Ecuador and Bolivia, two countries of the Andean Region,
are yield-testing promising harley lines that showed multiple disease
resistance in national trials.

Preliminary results in Ecuador showed that three sister lines
originated from the cross, Lignee 640/Kober//Teran (L/K//T), were among
the top five yielders in the national test. One sister line is a firm
candidate for release as a variety after another year of national
testing. One ha of seed is being increased this fall.

The development of the Lignee/Kober/Teran (L/K//T) lines clearly
shows major aspects of the methodology used in the progiam:

1. a cambination of high-yield and disease resistance traits,

2. miltiple disease resistance. The I/R//T lines are resistant to
three diseases: scald, stripe rust, and leaf rust,

3. superior levels of resistance were cbtained by pyramiding different
resistance genes for a given disease, for example stripe rust
resistance genes originated fram all the three parents (Lignee 640,
Kober and Teran). Scald resistance genes could be traced back to
Kober and Teran,

4. cambination of high yield and multiple disease resistance with
tolerance to acid soils,
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5. close cooperaticn with national programs. The lines were selected
as Fg by Ecuadorian barley workers from germplasm sent from Mexico,

6. the lines are currently being crossed to enhance tne resistance
to stem rust.

Breeding Procedures

There are four factors that have played a big role in the
development of high-yielding, disease resistant barley germplasm.

1. The wide use of the top cross method which allows the combination of
several disease resistances,

2. The availability of locations that have favorable agro-climatic
conditions for diseases development,

3. The ability to develop artificial epidemics of different diseases
under field conditions that allow for effective selection,

4. Two generations of breeding per year where alternate selection is
done in the field. For example, during the winter cycle, plants
resistant to leaf and stem rust are selected. These plants are then
planted during the summer cycle where plants resistasit to scald, net
blotch, and stripe rust are selected.

As a result of this breeding effort, there are now different sets
of advanced lines with multiple disease resistance available (Table
31). This germplasm is currently being sent upon request to
cooperators.

National programs are interested in barleys developed by the
ICARDA/CIMMYT Program because they have found that the disease
resistance in the germplasm has solved their particular problems. A
couple of examples illustrate this.

Nepal barley production is at risk mainly due to stripe rust.
Nepalese barley workers have found stripe rust resistant lires readily
available from the ICARDA/CIMMYT Program.

Chinese scientists have found an increased number of lines with
good resistance to scab and Barley Yellow Mosaic (BM), both important
barley diseases in the Yang-Ze Basin

Most encouraging, however, are the results abtained by national
barley workers, who reported on the yield performance of same advanced
lines sent to them in the 9th International Barely Yield Nursery. The
results confirm previous data showing that barley lines developed for
Latin America have a wide spectrum of adaptation at yield levels of 3.5
t/ha and above, outyielding, in most locations, the best national check
(Table 32).
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Table 31. Frequency of multiple disease resistance in 1275 advanced
barley lines from ICARDA/CIMMYT, Mexico.

Disease combination No. resistant lines

Three Diseases:

PG -PS - FH 543
PG PS RS 227
FG PS PT 111
Four Diseases:
PG FS PH RS 210
PG PS PH PT 108
PG PS RS PT 52
PG PH RS PT 77
Five Diseases:
PG+ PS~-PH~RS -P 44
FG = Puccinia graminis
PS = P. striiformis
PH = P. hordei
RS = Rhynchosporium secalis
PT = Pyrenophora teres

Table 32. Yield performance of Gloria/Copal "S" lines in the Sth IBYT
as compared to national checks during 1987.

Country Yield (t/ha)

Gloria/Copal Iocal Check: rame
Mexico 9.3 9.3 Gloria/Copal
Spain 10.1 6.4  Dobla
Cyprus 6.7 4.1 Kantara
Turkey 5.1 4.2
Tunisia 7.4 5.2 Rojo
Algeria 8.6 4.9 Saida 183
Ethiopia 3.8 2.6 JTar H 485
Pakistan 4.1 3.2 Jau-83
Norway 6.9 6.0 Pernilla
China 3.6 2.4
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Variety release

Five varieties were released in three countries as direct
introductions. Selectiors were made in segregating generations and
sent directl:” by the Program.

Pakistan Jau-87
feru Nana 87, Una 87
Thailand Semang 1, and Semang 2

Yield testing of barley lines on a national scald in Bolivia,
Tanzania, Ecuador, and Vietnam will result in the release of varieties
in the near future.

Traits to enhance barley adoption
Hul:i-less barley

The production of hull-less, disease resistant barleys with large
grains was rapidly obtained by using the single-seed descent method. In
1988, Fgs with large, white kernels and thousand-kernel weights up tn
68 are available. The hull-less lines were field-screened for

resistance to stripe rust, BYD, and scald. Unfortunately, these
selections showed susceptibility to leaf rust.

H. Vivar
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2.2. Durum wheat Breeding

The durum wheat (Triticum turgicum L. var durum) breeding project
at ICARDA is a joint venture between ICARDA and CIMMYT for the dry
areas in the West Asia and North Africa Mediterranean region (WANA).
The abjective of the project is to assist WANA countries to enhance
durum wheat production by developing improved germplasm, improving
crop management, upgrading of manpower capabilities and developing
efficient research methodologies. Four major agroclimatic zones were
identified to meat the neads of the various dryland areas in the WANA
region and an improved durum wheat breeding methodology was devised to
meet the agroclimatic challenges of the region (Annual Reports,
1985/86, 1986/87).

In 1987/88 severe intermittent drought and terminal drought and
heat stresses affected cereal production in Tunisia and Algeria while
Morocco and the Middle East region recorded favorable rainfall.
However, only Morocco has a bumper cereal crop. Syria and other Middle
Eastern countries experienced heat during the wheat grain filling
period. This reduced grain weight and size, and consequently yield. In
addition to abictic stresses, whrat stem sawfly infestations were very
high in the Middle East, while Hessian fly, septoria and leaf rust
occurred in Morocco and the Western parts of Algeria.

Notable progress in increasing drylard durum wheat yields were
achieved. This is reflected in the performance and releases of
advanced and promising durum wheat lines in the dry areas. Korifla was
released under the name Cham 3 in Syria, ard Belikh 2 in ILebanon. In
Jordan Korifla was also released for the dry areas under the name
Petra while Cham 1 was released under the name Maru. In Tunisia and
Algeria Om Rabi 9 and Kabir 1 are under large scale testing.

Breeding Methodologies

a) Broadening the genetic base of durum wheat

The genetic base of improved commercial durum wheat varieties is
narrow, particularly, with regard to biotic and abiotic stresses,

quality parameters, and earliness. Therefore, following strategies
were utilized to broaden the genetic base. These are:

Utilization of landraces

Thirty six crosses with landraces from North Africa and 178 from West
Asia were conducted to upgrade resistance to drought, cold, premature
desiccation, common bunt and septoria tritici.

Utilization of wild emmer

One hundred fifty six crosses were made between wild emmer (T.
dicoccoides) and durum wheat for improving nutritional quality,
resistance to yellow rust and septoria tritici. Back crussing to durum
wheat was done to suppress undesirable traits.



Utilization of wheat relatives

Several crosses with T. monococcum, T. aegilopoides, T. carthlicum T.
uranicum, T. compactum, T. beocticum, T. urartu, and T. rersicam
were made.

Recurrent selection population

A popualation using the recurrent selection method was established. It
is comprised of parental material with high yield stability, and
multi-biotic and abiotic stress resistance.

b) Genetic studies

Vitreousness

The estimate for heritability of vitreocusness was mderate (0.489 +
0.097). Results also indicate that cytoplasmic inheritance is
important in kernel vitreousness (Nachit and Asbati, 1988).

Crosses with dicoccoides

This activity is done in collaboration with the faculty of Agriculture
of the University of Amman, Jcrdan. Results indicate that characters
studied in dicoccoides x durum wheat crosses are quantitatively
inherited and influenced by both additive and non-additive gene
action. Transgressive segregation was also observed for kernel weight.
Proad sense heritabilities were estimated for fertile tillering
ability (0.78 to 0.93), thousand kernel weight (0.74 to 0.94) and
protein content (0.24 to 0.82). Crosses derived from dicoccoides x
durum wheat show high grain protein content and a high nmumber of
fertile tillers.

C) Gradient selection

A cluster analysis of testing sites supports the use of double
gradient (moisture, temperature) selection technique developed in the
durum wheat project (ref. previous annual reports). Table 33 shows
the distribution of double gradient testing sites in the different
Clusters. Early planting environment has clustered with group 1, while
late planting and Breda clustered with group 2 where moisture stress
and terminal stresses predominate. Terbol station Clustered with the
high yielding envirorment. Tel Hadya rainfed normal planting was
grouped with sites having continental climatic conditions.

d) Hapioid breeding

Crosses with bread wheat cytoplasm, Aegilops and T. dicoccoides were
conducted for future study on regeneration of haploid plants through
anther culture and Hordeum bulbosum techniques.
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Table 33. Clustering of 38 testing sites using grain yield of 23
durum wheat line:; (average linkage with correlation as
distance measure).

Cluste Site

I Darab (Iran), Sids (Egypt), Tel Hadya/Early Planting
(syria), El Marg (Libya), Mallawi (Egypt).

II Karaj (Iran), Debre Zeit (Ethiopia), Maru (Jordan) ,
Tabuk (Saudi Arabia), Zahle (Lebanon), Merchouch
(Morocco) Settat (Morocco), Jerez (Spain), Beja
(Tunisia) Islamabad (Pakistan), Tel Hadya/Iate Planting
(Syria), Breda (Syria), Tessaloniki (Greece).

IT1 Farobroman (Iran), Cassacia (Italy), Terbol, (Lebanon)
Bajadoz (Spain), Obregon (Mexico), Izmir (Turkey), S.
Bel Abbes (Algeria), Moushker (Jordan), Viterbo (Italy)
fanta Engracia (Spain), Hohenheim (Germnay).

v Tel Hadya/Normal Planting (Syria), Gellin (Syria) Sids
(Egypt), Le Kef (Tunisia), Alentejo (Portugal),
Shandweel (Egypt).

v Fhroub (Algeria), Cassacia (Italy).

Biotic Stresses

Disease resistance breeding

In 1987/88 the following targeted crosses for disease resistance were
conducted; 90 crosses for yellow rust, 19 for leaf rust, 100 for stem
rust, 62 for septoria tritici, 56 for common bunt , 21 for barley
yellow awarf virus (BYDV), 18 for powdery mildew and 107 for multiple
disease resistance.

At Tel Hadya/early planting, segregating populations were
screened for yellow rust resistance. F5, F6 and F7 generations showed
a high percentage of resistant populations compared with the early
segregating populations. Similar trends at Iattakia for septoria
tritici resistance was noticed, 78% of the F6 and F7 generations
showed resistance to septoria tritici. However, in the case of
septoria tritici, the percentage of resistant populations in the F3 '
F4 and F5 was low if compared with the yellow rust resistance leveils.
Nevertheless, the F2 generations exhibit a high level of resistance to
septoria tritici. This is a result of continually upgrading resistance
through the incorporation of resistant parental material from
landraces and dicoccoides into advanced durum wheat germplasm.
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For stem rust, and root and foot rot resistance the segregating
populations were screened in Terbol during the summer planting. Around
30% of the segregating populations showed resistance to both diseases.

Breeding for insect resistance

Crosses for insect resistance were performed as follows: 21 for heat
stem sawfly, 17 for aphid resistance and 47 for Hessian fly. Hessian
fly resistance crosses were made with Hessian fly Bread wheat
resistant lines in Morocco and need several back—crossings to durum
wheats.

Most of the advanced lines of durum wheat exhibit medium to high
resistance to wheat stem sawfly under natural infestations at Breda.
Resistance to wheat stem sawfly is apparently not confined to stem
solidness in durum wheat. However, several durum wheat landraces from
Morocco were found to possess solid stems and are now used in the
Crossing program for wheat stems sawfly resistance. Incorporation of
resistance to wheat stem sawfly from different sources and with
different resistance mechanisms are cambined to develop stable
resistance to this insect for the dry areas of WANA region. Wheat stem
sawfly resistance was moderate, and positively associated with plant
vigour (+.25), tillering (+.23), number of days to heading (+.56) and
grain protein content (+.39). It was negatively correlated with plant
height (-.57), peduncle length (--47) . The linkage between wheat
sawfly resistance and lateness needs to be broken in order to develop
early, resistant lines.

Crosses with aphid resistant lines and Hessian fly resistant
lines are still in the early segregating generations. However,
adequate Hesian fly screening sites near ICARDA’s base breeding
programs are still lacking. Sites at Lattakia and Terbol are presently
in use.

Abictic Stresses
Breeding for drought resistance

In this season, drought limited durum wheat production in WANA
particularly in the eastern Maghreb. Grain yield reduction due to low
moisture and premature desiccation during the grain filling period was
estimated at 50% in Algeria and 80% in Tunisia.

Rainfall at ICARDA’s dry site research stations (Breda and
Bouider) was very high compared with the long-term average
precipitation. Breda’s precipitation in 1987/88 was 408 mm. This is an
increase of 67% compared with 1986/87, and was more than double the
normal at Boujder (117%). However, intermittent drought stress did
occur at both sites and a high evapotranspiration demand was observed
near the end of March.

Grain yield at Breda and Bouider was above average. Table 34
shows grain yield (kg/ha) and precipitation (mm) at Breda for 3
consecutive seasons.
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Table 34. Grain vyield (kg/ha) of durum wheat in
advanced durum yield trials (ADYT) at Breda
for 3 years (1986, 1987, and 1988).

Season Rainfall Grain Yield(kg/ha)
(mm) ADYT Haurani
Mean Max.
1985/86 218 1224 1697 1014
1986/87 145 1127 2500 1066
1987/88 408 3608 4372 3026

The line Om Rabi 17 was identified in 1986/87 for its good
performance urder stress conditions, and was included in farmers field
verification trials of the low rainfall areas (Table 35).

Table 35. Performance of Om Rabi 17 and Haurani under
dryland corditions in experimental stations
and farm field verification trials, 1987/88.

Entry Bouider Breda FFVT
Om Rabi 17 2420 4372 3469
Trial Mean 1930 3608 3400
Haurani (check) 1521 3022 2828
ISD (0.05) 628 539 160
cv 12.8 7.8 9.3
Om Rabi 17

X 100 159.1 144.7 123.0
Haurani
FFVT Farmers Field Verification Trials, 10 sites,

B-Zone = Low rainfall areas with less than 350 mm

Om Rabi 17 is adapted to low rainfall areas with continental
climates, while Cham 3, a stress tolerant line is adapted to low
rainfall areas with mild winters.

By camparing the water use efficiency (WUE) of the stress tolerant
high yielding lines, the stress tolerant nrsery mean and the stress
tolerant landrace Haurani, we found that the WUE by Haurani was 4.6
kg/mm in 1986/87, while in 1987/88 it was 7.4 kg/mm, the 67% above
normal precipitation in 1987/88 resulted in an increase of 3 kg per mm
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water for Haurani while in the case of the stress tolerarce nursery it
was 4.2 kg/mm, and in the stress tolerant and highest yielding lines,
it was 4.6 kg/mm.

The percentage of selection gain in WUE was 28.6% for the stress
tolerance nursery and 34.8% for the highest yielding entries under dry
conditions. Input responsiveness and stress tolerance are important
camponents of varietal development for the low rainfall dunm wheat
areas of the Maghreb and Middle East region.

Table 36 shows the successful cambination of stress tolerance and
input responsiveness. Both Mrb 17 and Daki cambine higher stress
tolrrance with yield potential.

Table 36. Grain yield (kg/ha) and 'stability’ of newly
developed dunum wheat lines for low rainfall

areas.
Entry Mean Yield Reg. Coeff.
Daki. 3656.3 1.19
Mrb 17 3469.0 0.98
Korifla 3440.1 0.93
Haurani 2828.0 0.69

Traits associated to grain yield under moisture stress conditions:

Fertile tillering ability is by far the most potent predictor of
durun wheat grain yield under moisture stressed comditions. It
accounted for 32.3% (Breda) and 24.2% (Bouider) of the variability in
grain yield. These results corroborate last years findings (AR 1985,
86, 87).

Spike fertility and number of days to heading (earliness)
contributed to grain yield at Bouider by 5.3% and 4.1%, respectively.
At Breda increases in spike fertility and the number of days to heading
were insignificant. However, grain yield was associated to plant
height, length of the peduncle and early plant vigour and accounted for
6.0, 6.6% and 2.2%, respectively. The Bouider nursery suffered from
moisture stress at anthesis, and the Rreda Nursery from high
evapotranspiration following anthesis.

The breeding methodology, developed for moisture stress breeding
is now paying dividends not only reflected in identification of durum
wheat genotypes with high stress tolerance and good performance for the
low rainfall areas of Vest Asia, but also for the Maghreb region,
particularly Algeria (Fig. 5). Future research activities in this
areas will continue to upgrade drought tolerance through further use of
durum wheat landraces and wild relatives.
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Fig. 5. Yield of durum wheat lines in percent of Waha‘s yield.

Breeding for heat and terminal stresses

High temperature during the growing season and/or during grain filling
frequently occurs in the Mediterranean dry areas of the region

mnmwheatgrwninsmeareasofmmmisseasonmreatposed
to high temperature during the grain filling period, particularly in
Tunisia and West Asia. Although the 1987/88 season was favorable in
precipitation in the West Asia (particularly Syria) yields were average
to below average. The causes for tiiis may be the occurrence of high
temperatures during the grain filling period. However, it was also
observed that nitrogen fertilization was not adjusted to the favorable
rainfall conditiors.

Intermittent high temperature during the growing season also
increased water stress. This phenomena is found in wheat areas with
littoral climate and other areas with mild winters. Wheat grown on
light textured soils and/or without fallow is particularly prone to
moisture and high temperature stress.



The durum wheat project has developed a testing techniques for
heat, high evapotranspiration and premature desiccation stresses.
Selection for heat is conducted under summer planting techniques at
Terbol where maximm temperatures are above 30°C and minimum
temperatures do not go below 20 OC during the vegetative growth. lLate
planting techniques at Tel Hadya are applied to simulated stresses
caused by high evapotranspiration demand and premature desiccation.

At Tel Hadya temperature rises from mid-April onward, causing high
evapotranspiration, and normally coinciding with a rapid rainfall
decreases. Hot and dry winds also occur during this period. Terminal
stress nurseries are sown at the beginning of April. Germination
concurs with the dry and high temperature climatic conditions when soil
moisture is rapidly depleted.

Results achieved through late planting and heat tolerance
screening are hich-lighted by the performance of the cultivar Daki.
Daki is also tolerant to terminal stresses.

Table 37 substantiates the selection gain made 1987/88 in heat and
terminal stress tolerance and corroborates the results of previous
years.

Table 37. Grain yield performance of terminal stresses/heat tolerance
nursery, in 1986¢/87 and 1987/88.

Group/Cultivars 1986/87 1987/88
kg/ha % kg/ha %
mean 888 16l 1297 222
Highest yielding lines (5%) 1172 213 1738 298
Maximum yield 1548 281 1850 317
Checks: Haurani 550 100 583 100
Cham 1 765 139 1593 273
Stork 658 120 as93 171
LSD (0.05) 469 - 508 -
oV (%) 15.1 - 12.7

Morphophysioclogical traits associated to adaptation to terminal
stresses conditions.

Relationships between morphophysiological characters and grain
yield under terminal stress conditions were analyzed by regression
techniques. Table 38 shows simple correlations between several
morphophysiological traits and grain yield under terminal stress
conditions.
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Takle 38. Correlation of grain yield with some morphophysio-logical
traits under terminal stress/heat conditions, Tel Hadya,
1987/88.

Morphophysiological Traits
H M PH FTA PL SF 1T IFRO TKW

3

*k *

.189% -.337**-,048ns .626***.603*** .a4*** .612%**.200%* .281** —.224

= Grain yield; NS = Not significant; *, **, *** : Significant
at 5, 1, 0.1 % respectively. TKW = Thouszand kernel weight.

= Plant vigour; [H = No. of days to heading;

= fNo. of days to maturity; PH = Plant height;

Fertile tillering ability; PL = Peduncle length;

SF = Spike ferility; PL = Peduncle length;

LT = Leaf temperature; LERO = Leaf rolling;
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Uider late planting conditions grain yield mainly correlated with
early plant vigour, earliness, plant height, fertile tillering,
peduncle length, spike fertility, leaf rolling and seed size. All
contribute through various physiological mechanisms to yield.

Yield variability under terminal stress was explained for 75% by
the above-mentioned morpholegical traits. Plant height alone accounted
for 39.2% while 21.6% was accounted for by fertile tillering ability
and 9.2% by spike fertility.

Breeding for cold and frost damage

In the continental mediterranean dryland and plateau areas of WANA,
durum wheat yields are often recuced, because of cold at the vegetative
growth stage and/or frost at anthesis.

Meteorological data revealed that the continental areas of WANA
region are cold and dry (Annual Reports, 1986, 1987). The cold and
frost incidence increased with increased latitude and altitude.

The continental areas are also characterized by drought, and
termiral stresses. Evapotranspiration demand during the vegetative
stage is low. However, during the grain filling stage it increases very
quickly and scon exceeds precipitation.

Cold and frost damage on winter cereals were reported this season
in Algeria and on the Lebanon plateau. Cold damage shown in the field
by the reduction of dry matter production and tillers per unit area,
whereas frost damage is displayed throush impuired spike fertility.

Gradient selection techniques use early planting as a tool to test
durum wheat breeding material for cold and frost tolerance. In 1987/88
insignificant cold damage was obsarved. However, slight frost damage
was recorded. Lines with high spike fertility were also those with high
vields. Spikelet number per spike was the largest contributor to yield
among spike fertility parameters. In the cold and frost testing
envirorment 44.12% of the total yield variability was explained by the
fertile tillering ability.
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Breeding for Grain Quality

In 1987/88 45 crosses were made to increase industrial quality and
156 for nutritional quality. Korifla and Haurani are currently the best
sources for industrial qualities, while T. dicoccoides is used to
increase grain protein content in durum wheat grain. The technique of
zero-nitrogen screening (Rachit and Asbati, 1988) is now generating
promising results. Table 39 shows the distribution for protein content,
kernel vitreousness, kernel weight and pigment content. Zero-nitrogen
screening technique scattered distribution of durum wheat genotypes for
quality traits emabling a better selection of iines with high grain
quality. The range for grain protein content was 8% to 16%, for
vitreousness 10% to 100%, for thousand kernel weight from 31 to 62, and
from 3 pom to 7 ppm for pigment content.

Table 39. Quality traits in different envirorment, RCB 1987/88.

Envirorment PC_(%) VIR (%) CC (ppm)
Mean Range Mean Ramnge Mean Range
Rainfed/TH 12.3 9.0~16.3 91 55-100 5.2 4.0-7.0
Early/TH 10.7 8.3-13.5 83 34-100 5.7 4.5-7.0
Breda 11.9 9.6-14.8 95 66-100 5.5 4.0-7.0
Zero-N 10.8 8.2-15.0 59 3-97 4.2 3.0-6.0
technique.
EC (%) = Protein content

VIR (%) = Vitreousness (%)
CC (ppm) = Carotene content in parts per milliliter
Stability

Stable varieties are necessary to achieve reliable production in
dry areas. Grain yield and associated traits such as early plant
vigour, plant height, spike fertility and tillering ability are
investigated.

Early plant vigour

The highest expression of early plant vigour was obtained in the
early and late planting nurseries, while the lowest expression was
found in Breda and Bouider. Table 40 shows the early plant vigour of
ADYT-trials in different envirorments.

Associations between stressed and favorable envirorments were low.
Tuis indicates the importance of G x E interactions and highlights the
need for developing durum wheat material with consistent and stable
early vigour.
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Table 40. Expression of early plant vigour (1-9 scale) in ADYT in
different envirornments, 1987/88.

Envirorment Bouider Breda T.Fadya T.Hadya T.Hadya
Iate P. Early P. Rainfed

HYL (5%)
ADYT-Mean

[$BEN ]
[\S 3 V]
L= BN |
o w

Haurani
Cham 1
Stork
iSD (0.05) 0.8
CV (%) 1

- [\ e W]
M N eNe Nl
Nooow,m
@™ O

S [eNe

HYL = high yielding lines

Plant Height

The largest plant height was cbtained in the rainfed enviroment
(T. Hadya) where the ADYT mean for plant height was 112.3 cm. For Tel
Hadya/early planting and Breda the ADYT means were 97.9 and 95.7 am,
respectively, while at Bouider plant height was 78.1 wn. Iate planting
drastically reduced plant height (43.8 an) to almost half. Table 41
shows the correlation coefficients between plant heights in different
enviromments. The high correlation coefficients obtained between
enviroments indicate low G x E interactions for plant height.

Table 41. Relationship hetween plant heights from different
enviromments, 1987/88.

Envirorment Bouider Breda T. Hadya T. Hadya T. Hadya
Late P. Early P. Rainfed

Bouider 0.769%k*  0.427*k%  (,617*x* 0.838%+
Breda - 0.426%%%  0,839%x 0.917%k*
TH/Late P. - 0.465%k* 0.427%k*
TH/Early P. - 0.799%**
TH/Rainfed -

n = 87, *** = gignificant at 0.1 %
Early P. = late planting

Late P. = Early planting

TH = Tel Hadya
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Spike fertility was negatively affected by terminal stresses and
drought. This effect is particularly prevalent under late plantJ.ng and
at the Bouider station. At Tel Hadya (early planting, rainfed) and
Breda, spike fertility was similar. Spike fertility of durum wheat
genotypes was much influenced by late planting (Table 42)., fThis
suggests the imprtance of using late planting envirorment to select
high and stable spike fertile durnum wheat.

Table 42. Relationship between gpike fertility from different
envirorments, 1987/88.

Ervirorment Bouider Breda T. Hadya T. Hadya T. Hadya
Late P. Early P. Rainfed
Bouider 1.000 0.320%* 0.071% 0.058* 0.489%%%*
Breda 1.000 0.215% 0.528%%* 0.455%%*%
TH/Late P. 1.000 0.263*% 0.427%%
TH/Early P. 1.000 0.422%*
TH/Rainfed 1.000
n = 87; %, *%, %%k = significant at 5,1 and 0.1 % respectively;

Late P.

= Early planting

= Late planting; Early P.

Fertile tillering ability

The mursery means for fertile tillering were similar in all
enviromments. However, Tel Hadya/late planning reduced the mumber of
fertile heads per unit area. Low correlation between envirorments for
fertile tillering ability was observed (Table 43). This means that
the G x E interaction for fertile tlllerlng ability is large. The need
to incorporate stability to this trait is implicit, particulary when
several other studies (ICARDA Cereals Program Annual Report, 1984,
1985, 1986, 1987) have demonstrated the importance of fertlle
tllle.rJ.rg with regards to grain yield under dry conditions.

Table 43. Relationship between tillering from different envirorments,

1987/88.
Ervironment Bouider Breda T. Hadya T. Hadya T. Hadya
Late P. Early P. Rainfed
Bouider 1.000 0.266* 0.088 0.084 0.161
Breda - 1.000 0.014 0.294%%* 0.245»
TH/Late P. 1.000 -0.044 0.129
TH/Early P. 1.000 -0.065
TH/Rainfed 1.000

n=87; *,*% **% Significant levels at 5;1; and 0.1 % 001 respectively.
= Early planting

Late P.

I.ate planting; Early P.
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Multilocation testing in WANA

The most promising lines in the advanced durum wheat material are
included in the regional observation nurseries. These nurseries are
targeted to two major envircnments: those with moderate rainfall (DON-
MR) and those with low rainfall (DON-LR). Table 44 shows the most
promising durum entries in comparison with regional checks.

Table 44. Grain yield and agronamic traits of the
highest yielding entries in the DON-IR, 26
locations in WANA reqgion, 1986/87.

No. Cross/Name GY HD M M
40 Ch 67/Cando 3580 114 159 88
38 Syrica 3 3473 113 159 83
37 Karasu 3465 113 155 83
33 USDA 575/Ente//Frp/Ruso 3405 113 154 85
90 Dades 3384 112 154 73
10 Awali 3347 111 155 86

112 Deki 3316 110 151 76
18 Iahn 3287 119 157 77
32 Om Rabi 6 3210 109 152 86

109 Om Rabi 9 3200 113 156 86

Haurani (Reg. check) 2424 116 1591 92

Cham 1 (improved, Reg. check) 2768 108 149 78

No. of Locations 25 39 19 30

GY = Grain yield (kg/ha)

HD = No. of days to heading
IM = No. of days to maturity
PH = Plant height (cm)

The data and analyses of the multilocation tests in WANA for
1986/87 has been sent to durum wheat scientists in the region. The most
noticeable results are the confirmation of the yield potential and
stability of Dades and Daki. They have been tested for several years in
the regional durum yield trails (RDYT-IR) intended for the low rainfall
areas in the region (Table 45). Similar results for the entries Scoflag
and Oronte 6 were obtained in yield trials targeted for the moderate
rainfall areas (RDYT-MR) (Table 45).
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Table 45. Performance of high and stable durum wheat lines in the RDYT-
IR, for 3 years (1984/85 to 1986/87 WANA region).

No. Entry Grain yield Stability (AR)
(kg/ha) 1984/85  1985/86  1986/87
9 Dades 4059 - 7.7 7.1
16 Daki 4082 7.8 8.9 6.0
12 Cham 1 3627 11.7 10.6 10.7
Trial mean 3627
ISD (0.05) 307
v (%) 17.3
No. of sites 42

AR = Average rank

Table 46. Performance of high and stable qurum wheat lines in the RDYT-
MR, (1986/87, WANA region).

No. Entry Grain yield Stability parameters
(kg/ha) AR SIR

6 Scoflag 5093 9.5 6.76
4 Oronte 6 4944 10.0 5.95
12 Cham 1 4910 12.6 6.78
1 Stork 4534 15.3 7.49

Trial mean 4733

ISD (0.05) 275

vV (%) 16.1

No. of sites 39

AR = Average rank, SDR = Standard deviation of rank.
M. Nachit
Special studies
The experiment on selection strateqy was continued this year.
Forty Fs bulk families were tested in both rainfed and irrigated (30 mm

irrigation on 9 May) fields in replicated trials and in a space planted
experiment to allow individual plant selection in the F4 generation.
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Visual scores were taken on all the material with respect to
disease reaction, maturity, plant height and hamogeneity. Grain yield
was also determined in the yield trials. The top yielding Fy bulks in
the rainfed field were also high yielding in the irrigated field. High
rainfall during this season may partly explain this finding. There was
also concordance between selection (of top 10%) based either on grain
yield or on other traits recorded visually. Therefore visual selection
amony F4 bulks was a good indicator of their yielding ability.

Additional material including F4 lines were grown in plant rows
according to the pedigree scheme for selection under both rainfed and
irrigated conditions.

In another study, two durum wheat cultivars, Haureni and Cham 3,
were grown in plots with varying interplot distance (20, 30, 100 ard
150 am) with the same interrow distance (20 cm) within plets. Results
showed a strong border effect on the two outer rows for the 100 and 150
an distances and on only the ocutmost row for the 30 cm inter-plot
distance. No significant border effect was detected when the inter-
plot distance was 20 . These results indicate that the usual
procedure of leaving a one-row border on each side of a plot is not
recommended for plots situated at the ends of a block, as it gives an
upward bias to the yield in these plots. It is suggested to leave two-
row borders in these plots or to include an additional "non-treatment"
plot at each end of a block.

H. Ketata
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2.2.1. Evaluation of Durum Wheat and Germplasm Devel opment

The cooperative project between ICARDA and Italian institutions on
Evaluation and Documentation of Durum Wheat Germplasm has completed the
field evaluation of ca. 18,000 accessions from the ICARDA Collection as
well as samples received from several germplasm collection missions in
the region.

The project has identified a number of landraces from various
origins possessing tolerance to major biotic and abiotic stresses
prevalent in the dry areas as well as having good industrial quality.

During 1987/88, the third season of the proiect, 3359 accessions
representing the final part of ICARDA’s durum germplasm collection were
planted at Tel Hadya and Breda, the moderate and low rainfall testiing
sites. These two locations are characterized by long-term average
rainfall of >350 and <275 mm respectively. However, this season’s
total precipitations were 503 and 408 mm. The experiments in salt
tolerance at Hegla could not be undertaken this year due to partial
flooding by the waters from Lake Jabboul.

Results of screening for tolerance to yellow rust (Puccinia
striiformis), carried out in collaboration with wheat pathologists, was
successful in identifying 11% of the lines as resistant, 25% as
moderately resistant, 26% as moderately susceptible, and 38% as
susceptible. The higher precipitation this season also encouraged a
natural infection of yellow rust in large plots used for agro~
morphological evaluation. The experiment for screening against common
bunt (Tilletia caries and T. foetida) in the isolation fields was
delayed due to incessant rains.

This did not encourage the establishment of the infection and
therefore a second replicate was planted in February. The results on
the basis of both replicates were as follows: 4.5% of the accessions
were found to be resistant, 10% were moderately resistant, 20% were
moderately susceptible and §5% were susceptible. Accessions resistant
to yellow rust and comon bunt will be retested next year in
consultation with wheat pathologists to confirm these characteristics.

Out of a total of 2478 accs. of durum wheat screened for stem
solidness, a desirable trait for resistance to European wheat stem
sawfly (Cephus pygmaeus), 220 lines were found to be solid stemmed
(Fig. 6). A cut in the mid-section of three second uppermost
internodes selected at random was considered for scoring stem
solidness. When these lines were further tested, in collaboration with
cereal entomologists, nearly 75% were found to be resistant. These
observations were based on 60 stems selected at random per line.

Selected lines from previous season were retested for resistance
to yellow rust (Puccinia striiformis) and common bunt (Tilletia caries
and T. foetida) in close consultation with wheat pathologists. Eighty
percent of these lines confimmed their resistance for yellow rust.
Similarly, out of 83 selected lines retested for resistance to cammon
bunt 40% maintained their resistance in the second year’s screening.
These lines have been recommended to the breeders for further
evaluation and utilization.
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Accs. score 1 (hollow) 372 (15%)
|| " “ 2 1977 (68%)
B " 3 209 { 8%)
" . "4 (solid) 220 ( 9%)

Total 2478

Fig. 6. Results of screening for stem solidness of durum
landraces. Scores 1 to 4 based on visiual
cbservations on three randomly selected stems from
different plants.

Evaluation faor Cooking Quality and Other Traits at University of
Tuecia, Viterbo, Italy.

The research group in Italy, headed by Professor E. Porceddu,
analyzed electrophoretic banding patterns of 2644 accessions of durum
germplasm harvested in the 1986/87 season at Tel Hadya. Electrphoretic
profiles were coapared with the Italian durum wheat cultivar "Karel, "
which is known for its high yield and good pasta cooking qualities.
The presence or absence of band with relative mobility of Rm 45 was
once again used as a genetic marker for good pasta cooking quality. A
further 3359 accessions, representing the final part of ICARDA’S durum
wheat world collection has been sent to the University of Tuscia at
Viterbo for amalysis. Simultaneously, grain quality characteristics
such as 1000-KW and protein content are being analyzed at the Cereal
Grain Quality Laboratory at Tel Hadya.

Evaluation Network for Selected Durum Germplasm
Following a durum germplasm consultation meeting, a set of 200

selected accessions were sent to the national programs of eight
cooperating countries. Results of evaluation for seven econamically
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important characters have been received from Ethiopia (Debre Zzeit),
Pakistan (Islamabad), Tunisia, (Mornag) and partially from Canada
(Swift Current). The characters were: days to heading, days to
maturity, plant height, 1000-kernel weight, reaction to Yellow rust
(Puccinia striiformis), reaction to Septoria and an agronamic score
based on visual observation. In addition, Ethiopian evaluators were
also able to record reaction to stem rust (Puccinia graminis f.sp.
tritici) and leaf rust (P. recondita), i.e. 34 accessions were
resistant to stem rust and 65 to leaf rust.

When comparing selected accessions on the basis of performance at
Tel Hadya and Breda, it was found that there was no difference in their
agronomic score in Pakistan, but under Ethiopian drought affected
conditions the accessions selected in Breda had a significantly higher
agronomic score than those selected on basis of performance at Tel
Hadya. Similarly, germplasm selected for resistance to Septoria
maintained the resistance on an overall basis in Pakistan. The same
nine accessions had a high agronomic score in Tunisia and Ethiopia and
three accessions in Tunisia and Pakistan. However, none of the 200
accessions distributed performed identically at all three locations.
This may be due to the highly contrasting temperature, rainfall and
general difference in envirorment of the evaluation sites.

Out of 200 accessions evaluated at Mornag, Tunisia, a low rainfall
site with seasonal precipitation of 280 mm, 26 accessions were drought
tolerant, 106 were affected by the drought but survived and 68 were
susceptible. Out of the first two categories fourteen accessions were
identified by Tunisian evaluators for inclusion in their breeding
program on the basis of a high agronomic score and high 1000-KW (Table
47). These lines were also better or equivalent in performance to
their local check "Karim." Twenty-two lines out of the 53 accessions
selected in Breda and sent to evaluators in Swift Current,
Saskatchewan, Canada, had low (desirable) rates of water loss from
excised leaves. There is, therefore, evidence to support the theory of
a linkage between low water loss rate and good yields under dry
conditions (J. Clarke, pers. comm.). Further testing is in progress.
Additional results and data are expected from India, Kenya, Italy amd
Turkey. 1In the meantime Australia, F.R. Germany and United States of
America have joined the network.

Based on past four years of work and the information emanating
fram the evaluation of selected germplasm at the national programs of
co-operating countries in the network an elite germplasm has been
developed possessing the following traits: drought tolerance, salinity
tolerance, frost tolerance in the vegetative phase, short duration,
high protein content, good industrial quality, disease resistance,
solid stem, and resistance to certain insect pests. This germplasm is
available on request with pass-port information and meteorological data
of the evaluation sites.

A.B. Damania, J.P. Srivastava, and L. Pecetti
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Table 47. Fourteen promising accessions of durum wheat
to be further tested in Tunisia in 1988/89.

IC. NO. Drought 1000-Kernel Plant height
resistance# weight (g)+ (cm)
6020 I 60.56 72
6140 I 70.80 65
6190 I 63.26 70
6201 R 60.19 80
6223 I 60.00 81
12748 I 61.96 63
12768 I 59.29 50
12795 I 59.60 43
17120 I 63.40 44
17498 I 73.05 50
17553 ) 63.04 63
18076 I 68.23 58
18457 I 64.19 57
18796 R 60.92 48

+ Based on weight of grains/spike

* Data based on report received fram INAT, Tunisia
**  Drought resistance category:

R = No evidence of stress

I = Somewhat affected by the stress, but not in danger
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2.3. Bread Wheat Breeding

Two significant events happened during the 1987/88 crop season:
a) the amount of rainfall was unusuaily high at most of our experiment
stations in Syria and b) the joint Bread Wheat Project was reviewed by
the external program reviews of CIMMYT and ICARDA. We therefore
concentrate in this report in presenting results from our driest sites
in Syria and from other dry locations in West Asia and North Africa.
We describe progress made in understanding and describing the target
environment, identifying genetic stocks with tolerance to different
stresses, developing breeding methodologies, increasing germplam
adaptation ard giving support to National Programs by jointly
identifying and releasing promising cultivars,

Production Zones

Bread wheat comprises approximately 70 percent of the total wheat
(bread wheat + durum) grown in West Asia and North Africa (WANA). In
WANA bread wheat is grown in three different agro—climatological zones
based on moisture availability and temperature regimes. These are:

a) areas of low rainfall associated with low temperature,
b) areas of moderate rainfall with moderate to high temperature and,
c) irrigated areas.

The area and percentage of bread and durum wheat grown in these
production zones are presented in Table 48. There are 7.3 million ha
of bread wheat grown under less than 400 mm rainfall. Together with
the 5.7 million ha grown under 400-600 mm, this represents 77 percent
of the total wheat grown under rainfed conditions in WANA.

These rainfed enviromments are characterized by being highly
variable and unpredictable in temms of moisture (amount and
distribution), temperature and other biotic stresses. These
production zones may be described as follows:

a) areas of low rainfall associated with low temperature

Approximately 7.3 million hectares, or 43% of the total wheat
grown in WANA, is planted in these envirornments. This production zone
includes the continental areas of Morocco, Tunisia, Algeria, Iran,
Iraq, Afghanistan, Turkey and Syria. It is characterized by being
highly variable and unpredictable in terms of moisture availability
and temperature regimes.

In these areas bread wheat i .--#n and harvested under
significant temperature fluctuations. Typically, bread wheat is sown
in the fall where early growth and develogment occurs during the
coolest months and grain ripening occurs during the warmest months.
Extreme cold and heat are common abiotic stresses encountered during
the crop season and frequently a canplex interaction between them and
moisture deficits develops. = Biotic stresses such as common bunt,
loose smut, Hessian fly, sawfly and sunni bug are also important
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constraints to wheat production. Crop management is frequently poor
ard yields are low (less than 1 t/ha).

b) areas of moderate rainfall with moderate to high temperatures

Approximately 5.7 million ha, representirng 34% of the total bread
wheat grown in the region is planted in this production zone. These
areas are represented by the costal-Mediterranean envirorments of the
region as found in Morocco, Algeria, Tunisia, Turkey and Syria.
Besidz foliar diseases, other seed-born diseases such as common bunt
and loose smut, affect yield and stability of yield. Insect pests
such as Hessian fly, sawfly and aphids infest the crop, and with high
temperatures, Jjointly affect wheat near the end of the season. 1In
these areas, the lack of good agronomic practices such as weed
oontrol, seed density, seed treatment, fertilizer use and seeding time
are the main management factors reducing yield. Grain yields are
between 1 and 2 MG/ha.

Table 48. Area and Percentage of bread wheat and durum wheat in
different agroecological zones in WANA region, 1981.

Irr. Well Watered Semi Arid Total
(400-600 mm) (<400 mm)

Bread Wheat
Area 3.9 5.7 7.3 16.9
% 23 34 43 100
Durum Wheat
Area 0.5 3.9 4.7 9.1
% 5 43 52 100

Source: Bayerlee arrl Winkelmann, 1981
World wheat facts and trends.

c) irrigated areas

Irrigation covers 3.9 million ha, or approximately 23% of the
total wheat in the region. Countries possessing this type of
envirorment include Egypt, Sudan, Yemen PDR, Yemen AR, Saudi Arabia,
Pakistan, and a few other countries in the region. Foliar diseazes,
especially yellow rust and septoria are by far the most important
biotic constraints in these areas. Insect pests such as aphids can
reduce yields by up to 20 percent and there are no tolerant varieties
yet available. Heat stress, both at the early stages of piant growth
and at the reproductive stage, is the most important abiotic factor
reducing grain yield. Although good, high yielding bread wheat
varieties have been developed and released in these areas, improved
agronomic practices have not been widely adopted. This serious
problem can be solved only by a sustained effort by national
govermments within the region to improve wheat production practices
and to breed high yielding, disease and insect-resistant varieties.
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The joint ICARDA/CIMMYT bread what breeding project focuses its
efforts on identifying, developing and distributing improved germplasm
for the first two rainfed agroecolegical zones of WANA, while CIMMYT-
Mexico produces wheat technology for the irrigated and high rainfall
areas.

Identification of genetic stocks with tolerance to different stresses

One of the project’s breeding objectives is to identify genetic
stocks with tolerance to the biotic and/or non-bictic stresses
prevailing in the rainfed envirorments of the region. The breeding
strategy to meet this objective is based on the basic principle that
stress tolerant material is difficult to identify unless it is exposed
and selected under those stresses. The overall strategy is based on
four factors. These are:

a) continuous evaluation of potential parents,

b) targeted crosses,

€) multilocation selection ard testing and,

d) targeted distribution of improved germplasm to national programs
in the region.

Multilocation testing, the project’s most important strateqy for
selecting ard identifying material tolerant to different stresses,
occurs at two levels: (1) intermational multilocation testing, in
which data from 50 to 75 locations in the region is obtained
the ICARDA/CIMMYT Intermational Nurseries System, and (2) regional
multilocation testing, consisting of five different envirorments in
Syria and Lebanon. The latter constitutes the hub of the i
program in which segregating populations and advanced lines are
selected and tested under different moisture and temperature
conditions.

Table 49 presents six promising lines identified through the
international multilocation testing system. These lines were tested
urder low moisture (00-350 mm) conditions in locations in WANA as
well as at a dry location in Mexico. The yield percentage of these
lines over the national checks (which is a widely grown commercial
variety at each particular location) ranged from 114% to 179%. These
lines are now under extensive testing by each national program, and
some have been used in their breeding programs to further incorporate
this characteristic into their crossing material.

At the regional level, several lines have been identified that
cambine qualities for drought and cold tolerance. Five of the most
promising lines identified in this manner are presented in Table 50,
The average grain yield of these lines at three dry locations in Syria
over three years ranged from 2787 to 3235 kg/ha. The moisture levels
where these lines were tested ranged from 230 to 381 mm. The 1984/85
season was characterized by extremely low temperatures (-12%% for more
than 25 days). Low temperatures were also registered during the 1983-
84 and 1987/88 seasons. These lines have been distributed to national
programs in the region.
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Table 49. Highest yielding entries in the Regional Wheat Yield Trials
Low-rainfall Areas 1987/88 campared to the improved national
check variety in certain dry locations of West Asia and

North Africa.
Pedigree of Yield (kg/ha) %of
Location Highest Yielding Line Line N.C. N.C.
Hammam (Iraq) TRM/K 253.18 1058 588 179

146127-1AP-OAP-2AP-1AP-1AP-OAP

Zahle (Lebanon) F//68.44/NZT/3/CUC ’S’ 3383 1929 175
SWM 6637-2AP-OAP-3AP-1AP-3AP-OAP

Ramtha (Jordan) C.182.24/C.168/.3/CNO*2/7C//... 3648 2680 136
SWM 6828-6AP-2AP-6AP-1AP-2AP-0AP

Beja (Tunisia) MAYA 74'S’/0ON/1160.147/3/BB/GLL.. 2880 415 119
1 58924-1AP-1AP-2AP~-QAP

Obregon (Mex)  Cc//CAL/SR/3/KAL/BB 3953 3416 116
ICW 79-0820-2AP-4AP-1AP-1AP

Bouider (Syr) Yr/SPRW /S’ 2266 1983 114
L 825-4AP-4AP-1AP-2AP-1AP-OAP

N.C. = National Check

Table 50. Grain Yield of the top yielding bread wheat lines under 230~
381 mn rainfall at three dry locations* in Syria averaged
over three growing season; 1983/84, 1984/85 and 1987/88.

X Yield % over

Cross and Pedigree (kg/ha) MXP

Al Fong #1/Pew’s’ 3212 120
SWM 11420-2AP-3AP-1AP-OAP

Ald/4,/Napo/Tob//8156/3/Kal/Bb 3235 121
IGH 79-0728-1AP-~1AP-2AP-OAP

Tsi/Vee’s’ 2850 104
M 64335-3AP-1AP-1AP-OAP

Nesser 2787 121
Inia/Napo/3/Inia//Tob/Napo 2953 107

ICW 78-0001-1AP-1AP-2AP-1AP-OAP

* T. Hadya 1983-84 (230 mm); Breda 1984-85 (227 mm);
Bouider 1987/88 (381 mm). MXP = Mexipak (Local Check).
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Developirg Breeding Methodologies

The ICARDA/CIMMYT breeding project pays special attention in
developing breeding methodologies that will help in the identification
and selection of improved germplasm, but that also have the potential
for adoption by national programs of the region. The overall breeding
strategy of the bread wheat breeding project, to cater for the
region’s unpredictable rainfall and frequently harsh enviromments, has
been described in previous annual reports and published elsewhere.
The methodology used by the project to identify parental material with
tolerance to temperature (cold and heat) stresses was also published
at the Proceedings of the Internmational Symposium on Improving Wintex
Cereals Under Temperature and Salinity Stresses, Cordoba, Spain, 26~29
October, 1987. These methodologies, which are based in the principle
that stress tolerant germplasm is difficult to identify unless the
material under selection is exposed to those stresses, has already
been adopted and implemented by certain national programs in the
region (Morocco, Tunisia, Sudan, Egypt, Syria, Algeria, Turkey, and
Jordan) .

Beside these methodologies, the ICARDA/CIMMYT breeding project
has developed a breeding methodology which allows breeders to enhance
disease resistance, adaptation and especially that allows the
efficient use of multilocation testing of segregating populations.
This methodology was presented at the 7th International Wheat Genetics
Symposium, Cambridge, England, July 12-19, 1988. A modified bulk
method of selection, which comprises the desirable characteristics of
the pedigree amd bulk methods of selection, has been used by the
project during the last six years. Fg lines which were derived from
both, the modified bulk and the pedigree methods, were compared for
grain yield, disease resistance and adaptation at three locations. 1In
the camparison, these two methods also represented two approaches to
plant selection; the modified bulk involving multilocation testing and
the pedigree with continuous selection at one location. The results
of this study are presented in Tables 51 and 52. The average grain
yield over locations in Table 51 indicate that eight of the first ten
top yielding lines represented the modified bulk (MB) method of
selection. The higher frequency of MB lines in the top yielding
places plus the higher average range yields of the MB lines in
camparison to the pedigree (P) lines is a reflection of the higher
level of disease resistance in the MB lines at each location. Only
three MB lines were among the ten lowest yielding entries, and in most
cases, the higher level of susceptibility to one or more diseases was
perhaps the responsible factor for the lower vields in all ten lowest
yielding lines.

Eight MB lines yielded more than the national (NC) and regional
(RC) checks. Tris reflects the levei of adaptation in these lines,
since the NC is a widely grown commercial variety at each particular
location. Table 52 confirms these results. Four MB lines (entries
(entries no. 15, 21, 22 and 23) yielded among the ten top i
entries and substantially more than the NC. None of the P lines
ranked among the top entries at all four locations, and only two P
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lires (entries No. 10 and 12) yielded among the ten top entries at
three locations. Five MB lines and only one P line were among the ten
top lines at two locations.

The results presented in Tables 51 and 52 suggest that the MB
method is an effective and efficient selection method to enhance
disease resistance and adaptation in rainfed wheat. This method of
selection has also been adopted by national programs in the region
(Morocco, Egypt, Sudan, Tunisia, and Syria).

Table 51. Overall summary for yield, rank and disease resistance of
the 24 entries in the camparative wheat yield trial, grown
at four locations during 1986/87.

Overall Syria Mexico
Entry Yield Method Tunisia ACT
No. (kg/ha) ST YR IR SR
22 4367 MB 2.4 2 2 1
20 4043 MB Tr 6 1 2
17 3935 MB 2.3 2 1 1
15 3879 MB Tr 1 3 1
21 3847 MB 2.2 1 1 2
23 3840 MB 1.4 2 1 2
18 3745 MB 4.3 1 2 2
2 3715 P 3.2 4 2 4
10 3699 P Tr 2 3 2
19 3583 MB Tr 1 2 1
4 3576 P 5.2 80 10 40
8 3449 P 4.2 100 50 20
1 3448 RC 8.4 80 100 60
24 3440 NC 9.9 30 4 2
13 3368 MB 6.4 1 2 1
3 3359 P 7.5 4 40 4
16 3312 MB 5.3 1 4 3
7 3283 P 8.2 48 10 10
14 3282 MB Tr 2 70 10
6 3254 P Tr 60 20 10
12 3119 P 5.2 40 50 4
11 3077 P 6.4 2 70 10
5 3023 P 3.1 50 4 4
9 2865 P Tr 4 70 30

MB = Modified bulk; P = Pedigree; RC = Regional check;
NC = National check; ST = Septoria tritici; YR = Yellow rust;
IR = Leaf rust; SR = Stem rust; ACT = Average coefficient of infection
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Table 52. Performance of the ten top ranked entries in 4 locations.
Camparative wheat yield trial 1986/87.

Mexico Tunisia Breda Tel Hadva
Entry Yield Entry Yield Entry Yield Entry
Yield

No. Meth. kg/ha No. Meth. kg/ha No. Meth. kg/ha No. Meth. kg/ha

22 MB 4236 22 MB 5400 23 MB 1488 22 MB 6433
22 MB 4200 17 MB 5184 22 MB 1400 20 MB 6111
10 P 4154 20 MB 5155 16 MB 1388 18 MB 5666
17 MB 4124 21 MB 4881 12 P 1366 12 P 5533

2 P 4116 15 MB 4657 24 NC 1300 15 MB 5511
15 MB 4072 10 P 5463 21 MB 1288 16 MB 5433
21 MB 3940 13 MB 4500 15 MB 1277 2 P 5355
19 MB 3908 23 MB 4350 8 P 1266 23 MB 5322

1 RC 3870 19 MB 4324 4 P 1266 21 MB 5288
18 MB 3861 12 P 4321 10 P 1266 11 P 5266
ISD (5%) = 456 931 312 1091
v (5) = 7 13 15 13
Loca. X = 3552 4261 1212 5063

MB = Modified Bulk;

P = Pedigree;

RC = Regional Check;
NC = National Check

Enhancing Disease Resistance

Multilocation testing and the use of the modified bulk selection
method described above has allowed breeders in the ICARDA/CIMMYT
project to increase the level of disease resistance in bread wheat
germplasm. Table 53 presents the percentage of susceptible or
resistant families to two of the main foliar diseases in the region,
yellow rust and Septoria tritici. Selection pressure for these
diseases has resulted in increased levels of disease resistance.

Similar results can be observed in Table 54. Camparing the
progress made by the project in enhancing the disease levels during
the last five years (1983-1988), data in this table suggests that
substantial progress has occurred in increasing levels of yellow rust,
Septoria tritici, and stem rust resistance. Ieaf rust resistance
levels have remained the same over the years.
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Table 53. Percentage of resistant or susceptible bread
wheat families to yellow rust at Tel Hadya and
Septoria tritici at Lattakia, Syria,

1987/1988.

YR at T. Hadya ST at Iattakia
Generation iR 1S %R 3S
F2 21 79 45 55
Fs 25 75 43 57
F4 57 43 58 42
Fs 78 22 64 36
Fg 65 35 60 40
) 86 14 64 36
Fg 91 9 71 29
YR = Yellow rust (Artificial Inoculation)
ST = Septoria tritici (Natural Conditions)

Table 54. Progress made during the last five years (1983-1988) in
increasing the 1levels of resistance to certain foliar
diseases in the bread wheat germplasm.

NO. OF ENTRIES*

ACT YR SR IR ST
Class 1983 1988 1983 1988 1983 1988 1983 1988 Class
0-5 46 56 16 71 69 39 0 4 1
6-10 21 19 12 15 28 24 3 28 2
11-15 18 5 13 6 18 7 16 25 3
16-20 17 8 18 1 9 14 21 15 4
21-25 14 6 20 2 2 4 49 22 5
26-30 7 2 16 3 5 2 27 4 6
31-35 7 1 19 3 0 3 15 2 7
36-40 2 2 9 1 3 2 3 1 8
>40 4 3 13 0 2 7 2 1 9
ACT = Average coefficient of infection; ST = Septoria tritici,

= AV
YR = Yellow rust; SR = Stem rust; IR = Leaf rust.
* = Wheat Observation Nurseries.
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Improved Adaptation of Bread Wheat Germplasm

Results of ten years of Regional Wheat Yield Trial data (1978 to
1987), indicate that the adaptation of bread wheat germplasm in the
region has increased over the years (Figure 7). Although the number of
test locations of this trial remained constant over the years, the
mumber of lines selected by national programs in the region based on
their statistical superiority over the national check variety has
increased. This is a modest but significant achievement considering
that the national check at each location is usually a well adapted,
widely grown cammercial variety. It is interesting to note that the
yield gap between the top bread wheat line and the national check has
widened to approximately one ton/ha during the last four years.

140 4
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110 4
5.0 1100 }
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90
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Fig. 7. Number of bread wheat 1lines significantly (P < 0.05)
outyielding the national checks in 21 countries of West Asia
and North Africa (1978-87).

One of the project’s breeding strategies is to distribute
germplasm to targeted areas in the region. Table 55 presents results
of the adaptation of bread wheat germplasm in two agroecological zones:
areas with moderate moisture and moderate to high temperatures, and
areas with low rainfall associated with low temperatures. Data from
ten years (1978 to 1987) of the Regional Wheat Yield Trial indicate
that there has been a steady adoption of bread wheat germplasm. This
adoption has been more consistent in the low rainfall enviromments of
the region. The number of entries selected by national programs based
on their statistical superiority (P < 0.05) over the national check
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varieties has been more consistent in this last production zone,
ranging from 35 in Iraq to 97 in Jordan.

Table 56 shows 4 promising bread wheat lines that have superior
yield and adaptation over the national checks and the improved bread
wheat checks across 54 locations in WANA. One of these lines, Nesser
’S’, is cuwrrently wuder seed multiplication in Syria, and has been
considered for release in other countries of the region.

Table 55. Adaptation of bread wheat genmplasm in selected countries of
West Asia and North Africa. RWYT 1978 to 1987.

Ernvironment No. sel. No.
Moisture Temp. entries locations Rate
Saudi Arabia H H 68 20 3.4
Bgypt H M-H 51 32 1.6
Yemen PCR H H 28 8 3.5
Pakistan H M-H 39 22 1.8
Iraq L L 25 7 5.0
Jordan L M-L 97 18 5.4
Syria L L 60 14 4.3
Algeria L L 38 9 4.2

M = Moderate, H = High, L = low
* Selected by national programs based on their statistical superiority
(P < 0.05) over the National Check varieties.

Farmmers Field Verification Trials

The bread wheat project places special emphasis in developing
germplasm with adaptation to the low rainfall enviromments of the
region; in this way, it complements the breeding work of CIMMYT-
Mexico. Results Zrom these efforts indicate the possibility of making
breeding progress in these marginal areas as regards moisture stress.
Figure 8 shows the yield potential of barley, bread wheat, and durum
in the low rainfall (250-350 mm) areas of Syria. Results of five years
of farmers field verification yield trials grown in this production
zone indicate that barley has the highest yield potential, followed by
bread wheat and then durum wheat.
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Table 56. Top performing bread vheat entries in the regional wheat
yield trail 1986/87. %54 locations in West Asia and North

Africa.
Cross/Pedigree Yield Frequency*
kg/ha Rank Top 5 >N.C. >I.C.
Trm//Kal/Bb 4327 1 22 11 8
M 49744-1AP-4AP-1AP-6AP-OAP
Kvz/Cgn 4260 2 22 13 12
Se 1066~95-35-45-0S~1K~0k
Nesser'’s’ 4259 3 24 10 15
Chr/5/Tp//Cno/Inia/3/5%/4/Hork 4235 4 16 10 8

M 46943-4AP-2AP-4AP-1AP-OAP

National Check (NC) 3953 14 15 0 11
Improved Bread Wheat Check (IC) 3873 16 8 7 0

* Total No. of times that each entry ranks fifth or less or exceeds a
check (LSD test, P = 0.05, 1 sided test).

On-farm verification trials started in Syria nine years ago.
These are jointly conducted by the Ministry of Agriculture and Agrarian
Reform and ICARDA. Similar activities have been extended to other
countries in WANA including Algeria, Morocco, Sudan, Lebanon, Turkey,
and Yemen AR.

Figure 9 show the performance of the pramising bread wheat line
Nesser in Farmers Field Verification Trials of Syria. Three years data
of these trials show that Nesser had an average yield advantage of 14%
over the local check Mexipak 65 under low rainfall conditions (250-350
mm) .

Results of large scale testing of Nesser under low rainfall (250-
350 mm) and in farmer’s fields confimms the yield superiority of this
promising bread wheat line over the local check Mexipak 65 (Table 57).
It is interesting to note that Mexipak 65 is a widely grown variety
still in use by farmers in these production zones of Syria and the
region. Considering the yield advantage of Nesser over Mexipak 65, the
naticnal program of Syria is considering releasing this bread wheat
line as a commercial variety for the low rainfall areas of the ocountry.
Other national programs such as Morocco and Algeria have this line
under extensive testing as well.

Results of farmers’ field verification trials carried out in
Algeria during the last two years are shown in Table 58. Pramising
bread wheat lines such as Gv/Ald ‘s’ and Cham 4 show an average yield
advantage of 14% and 10% over the local check variety Mahon Demias.
These on-farm trials were carried out in the low rainfall (200-300 1)
areas of the country. 'Ih&etmli.rmaremmderextensivetestingarﬁ
are being miltiplied for possible release as camercial varieties.
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Figure 8. Yield Potential of bread wheat, barley and durum in the low-
rainfall areas (Zaone B) of Syna. Farmers field verification

trials, 1984-1988.
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Figure 9. Performance of Nesser, promising bread wheat line, under low-
rainfall (250-350 mm) conditions in Syria. Fa.rmer’s field
verification trials, 1985/86 to 1987/88.
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Table 57. Results of large scale testing of pranising bread wheat line
Nesser under low rainfall (250-350 mm) farmer’s field
conditions of Syria. 1987/88.

Variety Izraa Breda
Yield Yield Average % Over
kg/ha kg/ha Yield Mexipak 65
Mexipak 65 1628 1770 1699 100
Nesser 1805 2360 2088 123

Table 58. Performance of promising bread wheat cultivars under low
rainfall (200-300 mm) farmer’s field verification trails in
Algeria, 1986/87 and 1987/88.

1987 1988 __Average
Yield > Yield > Yield >

(kg/ha)  MD  (kg/ha) MD  (kg/ha) MD

GV/ALD'S’ 2141 125 2334 105 2238 114
1882-1AP-OAP-2AP-OAP

Cham 4 2118 124 2200 100 2159 110

Mahon Demias (Check) 1711 100 2226 100 1968 100

Neelkant 1943 114 1905 861 924 98
M40454-11M~4Y~2M-3Y-CM

Cham 2 1850 108 1886 851 868 95

ACSADS9 1932 113 1690 761 811 92

Zargoon 1233 72 1835 82 1534 78

No. of locations 4 6 10

MD = Mahon Demias (local check)
G. Ortiz-Ferrara
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2.4. Breeding for High Elevation

The high elevation areas in WANA coamprise 40% of the total land
where winter cereals (wheat and barley) constitute the backbone of
farming systems used by resource poor farmers. Improving the
productivity of high elevation cereals will alleviate econmic
hardships for these farmers. A large number of biotic and abiotic
factors affect the production of cereals (ICARDA Annual Report 1987).
The Cereal Program has a collaborative project to improve wheat and
barley productivity in cooperation with national programs by:

A. Develop ard disseminate improved germplasm with resistance or
tolerance to biotic and abiotic stresses.

B. Strengthen research capabilities of national program scientists.

Expansion of the Genetic Base

The genetic base of wheat and barley is enriched and expanded by
sharing new materials with other national and international programs.

Eight different wheat and barley nurseries (Table 59) comprised of
1908 accessions were evaluated under rainfed conditions at Tel Hadya.
Sixteen percent of the entries were selected for further evaluation for
dicect or indirect use in developing new germplasm for high altitude
envirorments in WANA. Selections were based on agronamic score,
disease ard drought tolerance and yield.

Table 59. International germplasm evaluation.

Nursery Total Selected
No.
Turkish Winter Wheat Screening Nursery 276 76
3rd Int. Winter Wheat Nursery Turkey/CIMMYT 78 29
20th Int. Winter Wheat Performance Nursery 30 8
15th Int. Winter X Spring Wheat Nursery 113 22
Winter Type Feed Barley Elite Lines—Oregon 24 7
Winter Type Quality Barley elite Lines-Oregon 26 8
Turkish Wheat Observation Nursery 860 60
Turkish Winter Barley Observation Nursery 501 102

1908 312
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Germplasm Develcpment

The major part of the breeding program focuses on the extraction
and utilization of desireable gene(s) from divergent sources to combat
the most prevalent stresses. Due to divergent climatic conditions in
the high altitude areas targeted crosses were primarily made by using
locally adapted landraces. Germplasm from other sources was employed
to incorporate various types of stress tolerances. In total, 593
single, double or top crosses were made in bread wheat, and 250 and 213
Cross cambinations in durum wheat and barley were also achieved.

Because of the importance of utilizing all of the available
genetic diversity, the genetic variability in wild species of Triticum
and Aegilopes was exploited. Iast year 314 crosses involving wild
species were made with bread and durum wheat. This year only top or
back crosses (126 combinations) were made with the dunim or bread wheat

parent.

Table 60. Selections out of segregating populations and preliminary
screening nurseries at Tel Hadya during 1987/88.

Bread Vheat Durum_Wheat Intersp. Crosses
Generation Total Selection Total Selection Total Selection

Fy 630 464 175 150 390 260

F3 580 358 439 380 277 160

Fy 714 375 563 310 250 220

Fg 442 270 360 274 283 187

Fg 164 84 142 82 383 183
PSN 234 114 202 129 - -

Total 2867 1665 1879 1325 1583 1010

Segregating Pcpulations and Preliminary Screening Nurseries

The selections carried out in different segregating populations
(Fp-Fg) are given in Table 60. The selection pressure on F,
populations was only for disease resistance and plant height.
Secondly, information on the performance of these F3 populations from
the high altitude sites of the region was used to advance or discard a
population. Maximum selections were carried out of those populations
which were performing well at more than one site. Maximm disease
pressure was exerted on F3 F5 and Fg populations, and populations
showing susceptibility to yellow rust were discarded. In total, 1665,
1325 and 1010 populations of bread wheat, durum wheat and interspecific
crosses, respectively, were retained for further selection and
evaluations. The selected lines out of Preliminary Screening Nurseries
will be yield tested next year.

M. Tahir
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Table 61. Number of selections from winter cereal nurseries at Ankara,

Turkey.
Bread Wheat Durum Wheat Barley

Nursery Total Selected Total Selected Total Selected
Crossl.ng Block 258 140 209 75 183 112
PSN* 234 114 202 90 -~ -

F2 630 175 175 57 126 40
Fo 164 79 728 55 309 -
Total 1286 508 728 277 309 152

"PSN = Preliminary Screening Nursery.

Screening of Winter Cereal Nurseries at Ankara, Turkey

Under a oollaborative arrangement between the Field Crop
Improvement Center, Ankara, Turkey and ICARDA’s Cereal Improvement
Program, cereal germplasm developed at ICARDA is evaluated for its
agronamic performance and resistance to biotic and abiotic stresses at
Haymana. ‘Ihemmberoflimsinﬂxethreewintercenealspecia;tastai
and the selections made out of them are listed in Table 61. Out of a
total of 2323 lines/families, 937 were selected mainly on the basis of
agroncmlc score, cold tolerance and disease resistance. The screening
of cossing blocks is helpful in deciding the parental lines for future
germplasm development, whereas the screening of material from crosses
at Ankara is instrumental in deciding the material to be advanced and
sent to high altitude areas resembling the Central Anatolean Plateau.

. Tahir and B. Yilmaz
Screening of Winter Cereal Nurseries at Sarghaya

Sarghaya, Syria, is a useful site for screening new wheat and
barley lines segregating pcpulatlons for cold tolerance, yellow rust
resistance, barley yellow dwarf virus and altitude affect. A total of
2473 lJ.nes and crosses of wheat and barley were planted at Sarghaya.
The number of selected entries fram each nursery are given in Table 62.
The information on the better performing lines is used in the crossing
program at Tel Hadya. The choice of material for Ankara is made on the
basis of its performance at Sarghaya due to similarities between the
two sites. The overall selection frequency among the new material has
risen to 54%. The high selection frequency from the Preliminary Wheat
Screening Nursery and advanced segregating populations at Sarghaya,
where the temperature was -229C for two consecutive days, indicate the
high level of cold tolerance in the material generated at Tel Hadya.
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Table 62. Screening of Cereal Nurseries at Sarghaya 1988-89.

Nursery Total No. selected
Barley Observation Nursery - HAA 125 50
Barley Screening Nursery - HAA 137 81
Winter Feed Barley 24 7
Winter Quality Barley 26 11
Barley Crossing Block - HAA 183 112
F2 Barley Seq. Fop. - HAA 126 52
Bread Wheat Obs. Nurs. - HAA 150 39
Prelimin. Brzad Wheat Screen. Nurs.—- HAA 233 155
F2 Bread Wheat Seg. Pops. - HAA 630 392
F® Bread Wheat - HAA 170 108
LON - HAA 150 84
POSN 202 72
F2 DW Seg. Pop. - HAA 175 122
F6 DW - HAA 142 57
Total —
2477 1342

Screening from International Nurseries at High Altitude Sites

Observation nurseries regional vyield trials, F3 segregating
populations of durum wheat, bread wheat and barley were dispatched to
cooperators in the region. The numbe:: of entries in each nursery and
the selection frequency (%) at each site is given in Table 63. The
overall selection frequency has increased from less than 10% in 1930 to
over 30%. The biggest achievement has been made in durum wheat due to
low cold tolerance.

Table 63. Frequency of selection out of international nurseries at high
altitude sites, 1988-89.

Nurs. Total Syria Turkey Pak. Moroc. Algeria
Ent. Sarg. Ankara Konya Sariab Annac. Setif Tiaret
DON-HA 150 53 52 19 14 15 27 14
WON-HA 150 47 31 29 27 10 27 NA
BON-HA 125 43 30 15 24 NA 16 24
WYT-HA 24 - NA 17% 38 25 13 21
BYT-HA 24 - NA - NA NA - 46
Fo Bd 150 62 =9 - 14 15 - -
F, ¥ 150 69 33 - 1 12 - -
F, B 126 41 31 - - NA - -

* Selected at Diyarbakir; DON = Durum Wheat Observation Nursery - High
Altitude; WON-HA = Bread Wheat Observation Nursery - High Altitude; BON
= Barley Observation Nursery -~ High Altitude; WYT = Regional Wheat
Yield Trial; BYT = Regional Barley Yield Trial.
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A large number of lines (52%) were selected fram the Durum Wheat
Observation Nursery and 33% out of F2 segregating populations. The high
frequency of selection at Ankara is due to: a) the parents employed in
generating these materials were screened at Ankara and in many cases
these materials have locally adapted germplasm in their parentage, b)
same of the material such as observation nurseries have undergone a
cycle of selection at Sarghaya before their evaluation at Ankars.

The most striking performance of wheat and barley observation
nurseries was recorded at the Intermational Winter Cereal Research
Institute, Konya-Turkey, where all national and international nurseries
were planted in a salinity-affected field. Almost all the national and
international nurseries were killed due to the high salinity, whereas a
large number of lines from ICARDA’s high altitude nurseries were
selected. Stress tolerance is a complex character to incorporate into
new material. Most: of the parental lines in the past were screened
under high soil pH at Quetta-Pakistan. Therefore, it is likely that
the genes for high pH tolerance were transferred into new material with
droght and cold tolerance. Selected wheat and barley lines will be
tested on a large scale at the Konya Research Institute.

Interspecific Hybridization

For the introgression of desirable genes from wild species of
Triticum to broaden the genetic base of T. dunum, the following three
species were used in the crossing program during 1980-81.

Triticum turgidum var. dicoccoides = AABB (2n = 4x = 28)

Triticum kotschyi = CuCu $;S; (S; = B?) (2n = 4x = 28)

Triticum zhukovski = AAAAGG or AAAAB/B’ (2n = 6x = 42)

The crossing program was organized in such a way that cultivated durum
wheat varieties were used as female parents and the selected accessions
of the three wild species were employed as male parents. One or two
backcrosses were carried out with the female durum wheat parent (Fig.
10 a-c) to rapidly achieve genetic homozygosity. In subsequernt
segregating populations single plant selections were carried out.
Cytological studies were made in the F4 to determine chromosome number
and configuration. Genetically homozygous lines were evaluated for
various agronomic traits.

The agronomic performance of 22 tetraploid wheat lines derived
from the above mentioned crosses Fg generation) is given in Table 64.
None of these lines gave significantly higher yield than the improved
Gurum wheat check variety Cham 1. However all 22 lines were superior to
the variety Hourani. With the exception of two entries (nos. 11 and
12) all had superior protein content as compared to check varieties.

One of the major problems in durum wheat has been the lack of cold
tolerance. Field observations indicate that these derivatives have
better cold tolerance, especially lines (nos. 1,4,5) derived from the
crosses with T. kotschyi and T. zhukovski with a semi-prostrate growth
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X
(@) T. dunum I. zhukovskj
AAB3 (2r=28) AMAAGG (G=B) (2n=42)
Carrying desirable characters
AAA-BG X AABB
2r=35 2r=28=14 11
' AABB AMA-BG (2n<35)
_)l( AABB
AABB
Select lines with desired characters
for agronamic evaluation
(b) L. durum X I. Kotschyi
AABB (2rF28) QuCu S’S’ (S=B?) (2n=28)
14 II 14 I1
Fl1
A-cu BSl (2r=28)
311 -i- 22 1
)l( AABB
A?BB ABCu s’
X AABB
AABB (2n-28)
Select lines with desired characters

for agronomic evaluation

(c) I. durunyT. dicoccoides//T. durum

Fig. 10 (a-c) Schematic presentation of interspecific crosses
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Table 64. Performance of derivatives from interspezific hybrids.

Entry Character (kwu)mﬂ'leRPtDt.'I‘l@Yleld
No. Cross habit % /ha

191 Hourani/Kotschyi-SY20224 /Hour.

ICT81-0047 3 145 159 203 R 16,1 37 3170
104  Raspinegro/T.Zhuk.WR13//2* Waha =
" ICI81-026~13 1 110 155 192 R 13.9 35 13090
98 " ICI81-026-8 1 110 152 192 R 14.8 36 2950
101 " ICI81-026-10 2 130 150 191 R 14.9 35 2900
106 " ICI81-026-15 2 120 152 192 R 13.5 39 2850
5  BDR272/5Y2010/Waha = IC183-0010~1 2 100 153 193 R 14.3 36 3200
54  Rubjo Tandeal/T.dic-WR33//Ente’S’/Stk’s’ =
ICI83-0017-16 1 95 152 192 R 14.4 34 3100
30 " I1CI83-0017-1 1 155 152 198 R 15.7 33 2950
45 " ICI83-0017-7 1 100 152 192 R 14.6 34 2850
56 o I1CI83-0017-18 3 100 165 204 R 16.2 31 2800
59  Rubio Tandeal/T.dic.WR42//Ente’S’/Stk’S’ =
" IC183-0020-2 1 140 155 191 R 11.5 40 2800
67 " 1C183-0020-8 1 95 157 193 R 11.5 36 2790
78  SY20017/Renode Granada//Waha = IC183-24-6 1 90 157 194 R 14.3 37 3400
82 " ICI83-24-6-5 1 110 157 193 R 13.2 40 3320
79 o ICI83-24-6-3 1 100 155 193 R 13.6 41 3250
80 " ICI83-24-6-4 1 105 155 191 R 13.0 44 3250
75 " ICI83-24-4 1 100 165 204 R 13.5 36 3160
87 " ICI83-24-9 1 105 153 194 R 13.2 38 3000
88 " ICI83-24-10 1 110 155 192 R 13.6 33 3000
76 " ICI83-24-5 1 110 157 192 R 13.4 39 2900
83 " ICI83~24-6-6 1 100 167 197 R 14.5 36 2830
173 BD272/SY20017//Waha = ICI83~0063.2 1 130 157 198 R 15.0 34 2830
Cham 1-Check 1 90 153 191 R 11.8 41 3406
Hourani-Check 2 130 155 198 MS 13.0 41 1736
v 16.15
LSD at 0.05 425,34

habit. Growth habit is generally correlated with cold tolerance even
through erect types (spring types) may possess high cold/frost
tolerance.

In breeding semi-dwarf wheats (bread and durum wheat) the source
of dwarfing genes has been Norin 10, which carries Rht 1 and Rht 2
genes located on homologous chromosomes 4A and 4D respectively. In
bread wheat., one of the major dwarfing genes is located on the D—genaome
chromosome. Since durum wheats lack the D-gencme, breeders were
incorporating only the Rht 1 gene and all breeding lines had uniform
plant height. Interspecific crosses of derived 1lines show a
considerable range (90-155 cm) in plant height. There are at least 5
lines which measured 110 cm. We feel that wild species can be useful
in the genetic manipulation of plant height and other agronomically
important traits.
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Cold Tolerance Studies: Relationship between Freezing Resistance amd
Primordia Development in Wheat

Early primordia development and internode elongation in wheat
causes freezing injury in winter and frost injury in spring. ‘The
control of the initiation of primordia development and internode
elongation is required to avoid freezing and frost injury. In 1987/88,
primordia developmental stage, internode elongation and other growth
characters were investigated in divergent wheat lines/cultivars. The
relation between freezing resistance and primordia development was
studied ard is discussed here.

Thirty one leading cultivars and breeding lines from the ICARDA
region (Table 65) were planted in two row, 2.5 m long plots on S5th
November 1987. Primordia developmental stage and length of internode
were observed on 18th January and 8th February according to the
criteria of Inamura et al. (1955). Growth habit (1 very erect-8 very
prostrate) was determined on 18 January, and plant height and tiller
number on 8 February for five plants per cultivar. The initiation of
internode elongation (Table 66) was determined by continuous
observations from January to the end of February.

The same cultivars were used for artificial freezing tests. Plant
materials were sampled for freezing tests on 11 and 18 January after
hardening under natural field conditions. Crowns were prepared by
removing all plant parts 3 cm above ard 1 cm below the crown and were
washed in water to remove soil. Excess water was removed from the
crown with dry tissue paper and crocwns were placed in plastic bags for
freezing. Freezing temperature treatments and duration were as
follows: 2 hrs at 0°C and 3 hrs at -2°C as pre-treatment, followed by
15 hrs at -40c, -s°c, -109c, =-120C respectively.  Post-freezing
treatments were: 2hrs at -20C, 2 hrs at 0°C, and 1 hr at 4°C. After
freezing treatments, crowns were washed with water, transplanted in
sand and grown at 15-25°C in a plastic house. Two replications of 10
crowns each were prepared for every cultivar and each freezing
treatment.

Leaf survival ratios on 10th and 15th day after transplanting were
determined as follows:

0 : Lethal, all leaf sheets became brown (dead)

2 : Leaf regrowth not occurred, leaf colour became yellow green

5 : Little leaf regrowth, leaf colour was yellow green
Root survival was calculated as % of root regrowth on the crown 15 days
after transplanting. The curve representing the relations between the
survival (%) and freezing temperature was S-shaped for most cultivars.
Probit analysis was used to calculate LT 50 temperature.

Table 67 shows primordia developmental stage, length of culm,
growth habit, earliness of internode elongation and other growth
indicators of wheat cultivars and breeding lines. Four cultivars (nos.
1, 5, 23 and 28) which did not initiate primordia development and
internode elongation on 8 February are winter type and may be late in
heading and maturity. Eleven cultivars/lines (entry nos. 3,4,6,7,11,
20,22,24,25,26 ard 31) had primordia development stages VI-VIII.



Table 65. LTS0 for leaf and root regrowth of wheat cultivars and breeding lines.

Entry leaf- Root-:

No. Qultivar/line 10 days 15 days 15 days
1 Bezostava 1 -10.2 (100) -9.1 (83) -9.3 (73)
2 Kvz/Qut 75 -6.2 ( 30) -5.3 (14) -4.4 ( 0)
3 Bolal -8.1 ( 67) ~5.1 (41) -8.0 (30)
4 Vratza -7.8 ( 85) -6.6 (64) -6.4 (50)
5 CAB055 -8.9 ( 61) =7.0 (46) -8.7 (30)
6 Au/4/Ch53/N10B/3505/3/093.44/5/. . . -8.0 ( 38) -7.2 (13) -6.8 ( 0)
7 Kavkaz -8.4 ( 83) -8.2 (71) -8.1 (30)
8 Mexipak ~-8.5 ( 6) -4.9 ( 3) -3.8 ( 0)
9 Katya Al 7.4 (77) -6.0 (60) -6.1 (20)
10 Zaminder 6.2 (24) -4.6 ( 7) -4.2 ( 0)
11 Avalon ~7.2 ( 50) -6.1 (24) ~-5.4 ( 5)
12 Zargoon -5.9 ( 11) -4.5 ( 5) -4.5 ( 0)
13 Cham 2 -6.7 ( 5) -5.6 (1) -5.9 ( 0)
14 Au/Tob66/5/K338/Bdch//Koudiat 17/.../3/2/WC/4/Can 5.7 (12) =-4.7 ( 7) -4.3 ( 5)
15 Tr.aest (Rom)//Tob’S’/8156/3/TX69A460~1/. .. -6.0 ( 1) ~-5.1 ( 1) -5.5 ( 0)
16 Cl1f/Pch//P101/Vogaf-Swd71452/3/Inia 66(r)//... ~7.6 ( 22 -6.0 (10) -5.0 ( 0)
17 Au/3/Hork/Ymh//Kal /Bb -7.6 ( 5¢) -5.9 (31) -4.8 (15)
18 F3.73/Nkt’S’ ~7.7 ( 52) -5.9 (37) -4.6 (10)
19 Tr.aest(R) //Tab’S’/8156/3/TX695a460~1/4/Em’S* 5.9 ( 2) -4.7 (1) -4.5 ( 0)
20 Laml0/3/2010/171-2//234-3819/4/Naya74 /S’ /Mancho' S’ -6.7 ( 36) -6.4 (29) -5.8 (15)
21 Chambord/5133//Mt/3/Kkc/4/LEn//ND/2%P101/5/Rony/ - . -6.7 ( 32) -5.8 (14) -5.5  5)
22 Dacia//Cofn/ND/3/Bez/Tab/8156 -7.5 ( 54) -5.9 (25) -5.7 (20)
23 Bez//Tob/8156/4/0n/3/6¥Th/KE//6*Lee/KE/5/. . . -7.5 ( 44) -6.4 (29) -6.8 ( 5)
24 Au//2*Yt54/N10b/3/Codr’S’ An/,/Codr /S’ /Mus’S* =7.4 ( 57) -6.6 (39) -6.4 (25)
25 Chambord/5133/Mt/3/Kkc/4/LEn/ /HD/2%P101/6/ . . . ~7.7 ( 48) -6.8 (58) -5.8 (50)
26 Lamll/Son64/4/Pj ‘S’ /Gb55//093/3/Stw597947/ . . . -9.3 ( 72) -8.2 (51) -8.6 (30)
27 Chambord/5133//Mt/3/Kkc/4/LEn//Nd/2%P101/5/ . . . 6.6 ( 41) -5.7 (11) -4.4 ( 0)
28 Bez//Tob/8156/4/0n/3/6&*Th/KE//6*Lee/KE/5/ . . . -8.0 ( 27) -6.9 (11) -7.1 ( 0)
29 T.aest (Ram)//Tob’S’/8156/3/TxX69A460~1/4/. .. -6.6 ( 38) -5.2 (12) -5.0 ( 0)
30 Au//2*Yt54/N10B/5/2*Rfn//Pj’S’ //Pih/3/2%5n/ . . . -7.3 ( 53) -6.1 (15) -6.3 ( 0)
31 Quilamapu 25-77 7.2 ( -) -6.8 (=) -6.8 ( -)

() Figures in parenthesis indicate survival (%) at

3 leaf stages.

6L
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Table 66. Criteria for earliness of internode elongation.

Score Earliness of internode elongation
2 Very early before 10 Jan.
3 Early before 15 Jan.
4 Moderate early before 20 Jan.
5 Moderate before 30 Jan.
6 Moderate late before 10 Feb.
7 Late before 20 Feb.
8 Very late after 30 Feb.

Most of these lines headed at the same time. Two cultivars, Avalon
(Entry no. 11) and Quilamapu (no. 31) were very late in heading as well
as in maturity. One would expect these two entries to be frost/cold
resistant due to their slow primordia development but actually their
LT50 was higher than -8°C. It seems that these two entries are
photoperiod sensitive as their development thiroughout the crop season
was slow and they were last in maturity. These 11 cultivars were
expected to avoid cold and frost damage more than the others since
their internodes are shorter than 2 mm and are underground.  Seven
cultivars out of these 11 may be high-yielding and also have winter
hardiness. Their tiller number was higher than other cultivars, and at
the same time the degree of unsynchronization was also graater. A
campensation effect on spike number may also be expected, when main
stems are damaged by freezing and frost.

Growth habit and primordia development are negatively correlated.
Cultivars with primordia developmental stage over VIII were erect
(growth habit 2 or 3) on 18 January and may be susceptible to
winterkill. Cultivars with primordia developmental stage below VIII on
8 February, range from moderate to prostrate. Lines possessing
moderate or prostrate growth habit must be selected to bread resistant
cultivars for cold/frost damage. One of the erect breeding 1lines
(entry no. 6) showed primordia developmental stage VIIe on 8 February.
It seems that efforts at ICARDA to incorporate cold tolerance in spring
type wheats through slow primordia development have been successful.

To investigate the relationship between primordia development and
freezing resistance, 50% lethal temperature for the same cultivars
(except cv. Quilamapu 25-77) were studied by artificial freezing
treatment Table 67). Date on leaf regrowth (Table 68) shows that the
most resistant lines were, nos. 1, 7 and 26 which tolerated
temperatures lower than -8,C. However the root regrowth studies show
that two other lines, i.e. nos. 3 and 5 in addition to entry no. 1, 7
and 26, resisted temperatures lower than -8°C.



Table 67. Primordia development stage and growth performance of wheat cultivars.

Entry Growth Earlin. Primordia dev. stage length of interncde Plant Tiller
No. habit intemn. 18, Jan 8, Feb 18, Jan 8, Feb height No. H m
elonga. (mm) (mm) (mm)
1 6 8 v v 3 3 28 7.0 170 206
2 3 3 VIII XTI 25 93 53 4.0 150 204
3 5 6 vV-vI VITe 3 9 32 5.2 162 205
4 5 6 VI VIII 5 8 37 7.8 161 201
S 6 8 v v 3 3 22 12.2 160 200
6 3 7 v ViIe 3 S 37 8.2 163 199
7 6 7 v VIiTe 3 4 28 6.4 159 203
8 2 3 Xe X 30 147 61 4.8 150 201
9 4 S VIiIe IXm 6 33 43 5.6 154 205
10 2 2 IXe-1 X-X1 55 135 52 4.0 l46 203
11 7 7 v VII 3 4 29 10.8 181 223
12 3 3 VII-I <T 20 106 50 4.6 152 201
13 2 2 IXe X 17 149 57 4.2 151 203
14 3 3 Xe <T 20 123 63 3.6 153 202
15 3 3 VII-I XTI 17 113 52 4.0 152 19¢
16 3 S VII VIII 8 38 42 4.2 164 208
17 4 4 VIIe IXe 6 87 54 3.8 158 204
18 3 4 VIIIe-I Xe 6 51 53 4.2 158 202
19 2 2 VII-I X 35 137 53 5.4 146 196
20 5 5 VIiIe VIII-IXe 6 16 41 6.4 161 193
21 4 4 VII-I IXe-1 7 49 45 4.4 157 201
22 4 6 VI VII-I 8 11 38 9.8 162 197
23 4 8 v v 3 4 31 6.8 163 198
24 4 7 VI-VIIe VIIe 6 9 42 6.6 l64 198
25 4 S VIiIe VIII 7 19 45 3.0 173 204
26 7 7 v VII 3 4 33 9.2 164 200
27 3 5 VIIe VIITI 7 5 46 3.8 161 203
28 4 8 v v 3 4 33 6.0 162 203
29 3 2 VI-VIIe IX-1 7 118 55 3.6 l46 201
30 3 4 VIIe IXe 7 64 52 3.6 157 203
31 7 7 VIIe VITe 4 4 33 9.4 150 218

18
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Primordia developmental stage and length of internode are roughly
correlated with LTS0. Oniy three cultivars i.e., nos. 1, 7 and 26, show
lower IT50 than -89C which is the critical temperature for freezing
resistance in this region. These cultivars also did not initiate
primordia development (below VI) and had internode elongation (below 5
mm) . All cultivars which initiated primordia development and internode
elongation are susceptible to freezing. The LT50 ranged from -5.4°C in
cultivars which did not initiate primordia development and internode
elongation. These results indicate that primordia development and
freezing resistance are different physiolcgical characters. The same
results were obtained in the freezing tests using plants at the 3-leaf
stage. The entries which did not initiate primordia development and
interncde elongation (Table 68) were not res:stant to freezing. The
earliness of plant development did not correlate with the freezing
survival ratio. To develop early cultivars with cold/frost resistance
in high-altitude areas, it is essential to have a plant development
which would avoid cold, frost and terminal moisture stress. This is
shown by the performance of entry nos. 23, 26 and 78 which had slow
primordia development during early stages of plant development and
later rapidly developed. This is a desirable character for avoiding
terminal moisture stress. Freezing resistance is also an important
character which can be transferred and achieved by effective selection.
Six lines/cultivars (Entry nos. 1, 4, 7, 9, 25 and 26) expressed high
freezing resistance, and are useful for the breeding program. These
results conform with earlier studies and these lines bave been
extensively employed in the crossing program to develop new germplasm.

N. Kawada and M. Tahir

Regianal Yield Trials

The most advanced breeding lines/cultivars performing well against
various stresses under controlled conditions and at a number of key
locations in the region are provided to cooperators in high altitude
areas yield trials. The results from a few locations are presented
here.

Bread Wheat Yield Trials, Kabul-Afghanistan, Mashhad-Iran, and Setif-
Algeria, 1986/87

This trial was comprised of 24 entries with one long ter:m check
(cv. PBezostaya 1), an improved check, Cham 2, and a nation'' check
variety. The results of the five top yielding lines at Kabul along
with the check varieties are given in Table 68. The yield increase in
the top five lines ranged from 32-49% over the national check variety.
Entry no. 5 (Pis 70/3/Fin/Acc/An ..... ), which is one of the top
vielding lines at Kabul, was also top yielding at Setif-Algeria.
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Table 68. Top yielding lines fram the Regional Wheat Yield Trial for
High Altitude Areas at Kabul-Afghanistan, 1986-87.

Entry Name/Cross Rank Head Mak. Yield
No. days days kg/ha
9 Dj/Bza//Wa-I1-5204 1 203 247 2578

20 TW238/TW269, /TW238/Timmo 2 207 249 2378

10 GD-27-262 3 198 246 2344
5 Pls 70/3/Fln/Acc/An 4 195 244 2289

13 Nir 264/3/NP 852/Pj62 5 199 245 2283
1 Cham 2 (Spring Type Check) 16 194 244 1856

12 Bezostwya 19 200 246 1744

24 National Check

Grand Mean 198 246 1991
v 198 8 7 27
ISD (P = 0.05) 20 20 729

At Kabul 19 lines outyielded the national check and 15 entries
gave better yield than all three check varieties. All of the top
yieldiny lines are of facultative type derived from winter x spring
crosses. The spring and winter type check varieties ranked 16 and 19.
The better performance of facultative types and poor yields of spring
and winter types suzgests that the most suitable material for the Kabul
region should be an intermediate type possessing adequate cold
tolerance. Furthermore, the overall grand mean yield was better than
the national check veriety indicating that germplasm developed at Tel
Hadya is suitable for Afghanistan.

Mashhad-Iran is a high input envirormment compared to Kabul with
high yields. Ore of the most widely grown cultivars is the winter
wheat variety Bezostaya. Nine entries gave higher yield than the long
term winter wheat check variety Bezostaya 1. Twenty two entries
outyielded the national check variety and the overall experimental mean
yield was significantly larger than the check variety. Although a
large mumber of entries gave yield significantly better than the
national check the data presented in Table 69 indicate an increase of
42% in the top five lines/cultivars. Four of the lines, i.e. cv.
Zargoon, Trakia, Lom 10/3/2810/171-2//234-3816/4/..; and
Chambord/5133//Mt/3/KKC/4/L£1//.... were also among the top yielding
lines at Tehran in the previous year. The variety Zargoon amd entry
no. 3 seemed to possess wider adaptability.
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Table 69. Top yieiding lines out of the Regional Wheat Yield Trial for
High Altitude Areas at Mashhad, Iran, 1986-87.

Entry Name/Cross Rank Head Mat. Plant TWK Yield
No. days days height kg/ha
6 Zargoon 1 158 199 81 40 6696
7 Trakia 3 157 200 82 41 6089
2 Ion 10/3/2810/171-2//..

1 Cham 2 (Check) 2 158 200 78 34 6163

12 Bezostaya (Check) 10 163 204 92 42 5422
24 National Check 23 170 210 105 43 3674

Grand Mean 162 204 80 40 5091
v 11 9 84 39 17
LSD (P = 0.05) 27 22 92 21 1197

No significant differences were observed in days to heading and
maturity, but all top yielding lines matured at least 10 days earlier
than the national check. Due to the better performance of the variety
Zargoon at a number of sites in the region, 50 kg seed were requested
and supplied to Iran for large scale testing.

At Setif, algeria none of the ‘op five entries significantly
outyieided the national check. However data indicate that facultative
material or spring types with strong cold tolerance may be successfuil
in these enviromment.

Two of the entries, i.e. cv. Zargoon and no. 5, are widely adapted
lines and have yielded consistently better in Afghanistan, Pakistan,
Iran and Algeria. They are therefore worth testing in larger areas.

1. Regional Bread Wheat trial at Annaceur (Morocco), Breda, and Tel
Hadya (Syria).

Data from Annaceur have shown the superiorty of entry No. 3
(Soty/sut//Ler/4/2 Rfn/3/Fill....Trakia) as compared to the checks and
other entries. The four top yielding lines have been developed through
winter and spring crosses using cold tolerant varieties. At Breda, 11
lines significantly outyielded the two checks, Bezostaya and Zargoon.
The average yield was higher at Breda than at Annaceur (3166 kg/ha vs
1095 kg/ha). This trial data at Tel Hadya confimm previous findings
that facultative wheat types perform well in Tel Hadya. This also
confirms the suitability of this station for evaluation of winter x
spring crosses.

2. Regional durum wheat yield trials at .nnaceur (Morocco) and Breda
(Syria).

Three lines (entries 3, 16 and 6) outyielded the check Cham 1 at
Annaceur, but only one line (entry 3) was superior to this check at
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Breda. Entry 3 (9045/100gl’S’) ranked first at Breda and third at
Annaceur and was selected in both sites. However, performance of durum
wvheat lines over sites suggests that durum wheat has a narrower

adaptation as campared to bread wheat.

The selecticn frequency from various high altitude nurseries indicates
a generally-good performance of our germplasm at various high altitude
sites in WANA. The small mmber of advanced lines selected at more
than one location shows the specificty in performance of the top
yielding 1lines to particular sites. This is due primarily to
agroclimatic diversity in the high altitude areas.

A network of research stations in high elevation areas will be
developed to enhance the interflour of research material, and pramote
exchange of information through scientific visits, workshops and
conferences.,

M. Tahir
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3.1. Physiology/Agronamy

Introduction

The physiology/agronomy project, now in its third season of
activities, has the following goals:

a. Identification of specific plant and crop attributes representing
traits that confer survival and productivity to cereals under
stress.

b. Characterization of a wide range of genotypes in terms of
rmorphological and physiological ~attributes of importance for
physically stressed enviromments. Establish that sufficient
genetic variability exists to be exploited.

C. Search for simple (integrative) parameters representing the
physiological attributes that correlate with the plant responses to
stress.

d. Prove that selection and recombination of characters is possible.

The following pay off is expected: improved efficiency of
selection for stressed environments, and faster improveent of yield
and yield stability.

The agronomy compcnent aims to explore crop establishment
practices, canopy architectures and the matching of genotypes to the
medium (350 mm) and low (200 mn) rainfall spectrum of rainfed
Mediterranean envircnments.

Previous reports (Cereal Improvement Program Anruual Reports 1986
and 1987) have presented the materials and methods used, the
description of the enviromments, evaluation of morshological traits
according to their relation to vyield, gas exchance patterns in
relation to stress, comparative stress physiology between and within
winter cereal species and agronomic tools for improving variety
performance under stress. Emphasis has been given to drought, the
major physical stress of concern. Some screening techniques have been
explored.

In this report a brief environmental description of the season is
given. The majcr part of the report addresses a detailed description
of scme morphophysiological traits of two row barleys and the problem
of heat stress in wheat.

Enviroments
The rainfall in the 1987/88 season was above average in northern

Syria. Fig. 11 shows the total and monthly rainfall for two seasons at
two representative sites.
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Fig. 11. Monthly rainfall at Tel Hadya and Bouider, northern Syria.

The 1985/86 season was below but close to the loig term average.
Seasonal rainfall was reflected in soil water profiles for the two
years. While during 1985/86 the wetting front at Bouider did not reach
below 70 an in the soil profile and consequently soil water uptake was
confined to this depth. In 1987/88 the soil was recharged to 140 cm
and the roots grew to this depth. At Tel Hadya the two seasons allowed
root growth and soil water uptake down to 170 cm in the soil.

Table 70 shows the total above ground biomass obtained in the
three seasons of study and at the three testing sites. The bicmass
yields correspond to the genotypes of the cereal physiology nurseries
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(72 barleys and 40 wheat). Table 70 shows that wheat outyielded
barley at Tel Hadya, the higher rainfall site, while at the two drier
sites the opposite occurred, except for Breda in the 1987/88 season.
In 1987 barley had a higher rainfall use efficiency than wheat.
Barley also had a higher transpiration efficiency but a lower
photosynthesis and stamatal conductance at the wetter site than wheat,
which presumably lead to a lower seasonal transpiration. Fig. 12
indicates that in a wet season at Tel Hadya (504 mm rainfall), the
evapotranspiration efficiency of barley was higher than wheat but
total biamass production was 27% lower. This result is in agreement
with the gas exchange data discussed in previous reports.

Table 70. Total bicmass (MG/ha) of barley and wheat across seasons.

Site Season Rainfall Barley Wheat B/W
(mm)

Tel Hadya 86 316 7.91 8.02 0.99
87 343 5.73 6.68 0.86
88 499 12.64 17.23 0.73

Breda 86 218 3.39 3.13 1.08
87 245 3.34 2.63 1.27
88 408 8.78 10.73 0.82

Bouider 86 205 3.80 2.89 1.31
87 174 0.78 0.40 1.95
88 382 9.82 8.60 1.14

Genotype characterization

This was the third season of characterization of the
barley and wheat physiology nurseries. 1In this report partial results
are presented, correspording to detailed field studies undertaken in
25 two-row barley entries. Twenty of the twenty five were chosen to
represent relatively well adapted genotypes based on earliness and
grain yield. The remaining five entries are .ate and have had low
yields in previous seasons. Results presented include apex
development, number of leaves on the main shoot, tiller number, leaf
colour, growth habit, vernalization requirement, potential and
realized kermel number and grain filling rate and duration. Most
emphasis was placed on the Breda site.

Apex development. Two development apex periods appear to be of major
importance in barley: a vegetative period (VP), correspording to leaf
initiation, considered here from plant emergence (E) to the double
ridges stage (DR), and the ear initiation period (EIP) spanning from
double ridges until the maximum :umber of spikeletes (TS) is formed.
The code mumber described by Kirby and Appleyard, 1984 (Cereal
Development Guide, 96 p.) will be used; in this code IR is given the
number 2 and TS tnhe number 7.
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Fig. 12. Water use-efficiency of wheat and barley, and mean
temperature, at Tel Hadya, througn 87/88 season. Arrows
indicate mean heading time. Date of emergence: 25/11/87.

Four plants from replicated plots (3) were taken every two weeks
during the period January-March 1988. The rate of develomment of the
apex was expressed in thermal time (accumilated mean daily
temperatures above 0°C from emergence).

The study of the time course of apex development (Fig. 13)
suggested a grouping of the genotypes to facilitate the analysis. Five
groups were established:



- Fast developing entries, including WI 2291, wWI 2198, WI 2269, WI
2291/WI 2269. This group is referred as WI entries,

- Slow VP and fast EIP: Tadmor, Arabi Abiad and Arabi Aswad. The
group is referred as Tadmor type entries.

- Slow VP ad slow EIP: Atem, Lignee 131, Alger/Uniocn and BON 27.
Referred as unadapted entries, being too late for the
Mediterranean envirorments with terminal stress under study.

- Intermediate behaviour between the Tadmor type and the WI
entries. This group includes Syrian landraces barleys (SLB).

Cther entries: wadi Hassa, Roho/Masurka, Roho and SBON 96.

60t
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Fig. 13. Apex Development during the season for 3 entries WI 2269,
early (open symbols); Tadmor, naturally adapted (crosses) and
Lignee 131, non adapted (closed symbols).

Table 71 shows the thermal time required for each of the above
entry groups for a given developmental phase. The range is given in
parenthesis The Tadmor type entries had the longest vegetative period
(E-DR), and the shortest EIP (DR-TS). The longer time to heading of
thesegenotypesascarparedtotheWIentriﬁ iscausedbythelonger
E-IR period, since the EIP and spike growth period (TS~H) are the
shortest. The WI entries had a relatively short EIP and a long ear
growth period but they headed earliest. Late heading of the unadapted
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entries is the result of a long EIP and a long spike growth period.
Three of the non grouped entries, SBON 96, Wadi Hassa and Roho had a
short E-DR period (340, 345 and 360 ©CD respectively), while
Roho/Masurka has 400 9CD and a short EIP (280 ©cD).

Table 71. Thermal time (°CD) required for various developmental
phases. Two row barleys (n=20) 1987/88 season. Breda. The

range of the group is given in parenthesis.

Development Phases

Barley groupl/ E-DR DR-TS TS-H Heading

Tadmor, A. Aswad 478 272 397 1147

A. Abiad (3) (435-510)  (205-285) (375~430) (1140-

1152)

SIB (7) 381 306 434 1121
(365-390)  (275-345) (415-445)  (1104-1153)

WI (4) 348 300 444 1093
(335-360)  (270-315) (420-485)  (1062-1123)

Unadapted (5) 418 350 455 1224
(365-560)  (335-365) (390-530)  (1155-1302)

Harmal 370 245 445 1062

1/ Mumbers in parenthesis ru...’ to the mumber of entries included in
the group.

Number of leaves in the main shoot. The number of leaves in the main
shoot and leaf appearance rate or phyllochron period (interval in ©¢D
between the appearance of 2 leaves) are important genotype
characteristics as they are contributors to the formation of the early
canopy structure. Fully expanded leaves of the main shoot were
counted in 12 plants per genotype (4 plants x 3 replicated plots) at
each sampling time. The phyllochron period was constant for a
particular entry. Fig. 14 shows the linear relation between leaf
number and thermal time. Two contrasting entries as well as the mean
of the 25 u:der study are given in the figure.

Table 72 gives the total rumber of leaves in the main shoot and
the phyllochiron period (calculated as the regression of thermal time
onto number of leaves).
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Fig. 14. Number of leaves on the mainshoot as a function of thermal
time from emergence. Source: PCB Breda 87/88 points are means
of 12 observations/entry.

The Tadmor type and SIB group had a higher number of leaves in
the main shoot and generally shorter phyllochron period than the WI
group. The total number of leaves in the main shoot was significantly
correlated to the thermal time fram emergence to double ridges (r =
0.98, P < 0.01, n = 25), and the phyllochron period was negatively
correlated to this thermal time interval (r = -0.58, P < 0.01, n =
25), i.e. a long E-IR in general implied more leaves in the main shoot
appearing faster. The correlation between leaf number and phyllochron
period was -0.67 (P<0.01). This last correlation was strong enough to
predict the final number of leaves on the main shoot on the basis of
the phyllochron period within the limits of a 5% confidence interval.

Plants with more leaves on the main shoot have more potential sites
for tillers (Kirby, 1988, in press). A positive correlation between
maximm nurber of leaves in the main shoot and maximm number of main
shoot tillers was fourd, (r = 0.6, P < 0.01, n = 25). Table 73 shows
the maximum number of main tillers and number of leaves on the main
shoot at various development stages for four groups of entries.

In general, entries with a shorter E-DR period had a lower number
of leaves in the main shoot which appeared at a lower rate (longer
phyllochron period) and a lower maximum number of tillers. Fast and
abundant early growth and earliness have been found to be correlated
with yield in the dry Mediterranean envirorments of northern Syria.
This implies a long E-IR period and, as will be shown later, same
degree of vernalization.
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Table 72. Total mumber of leaves in the main shoot and phyllochron
period of 25 two-row barley genotypes. Values in parenthesis
are the 5% confidence interval. Breda 1987/88.

Final leaf mumber Phyllochron
on main shoot period (°CD)

Tadmor 10.6 95.1 ( 66.0-124.1)
A. Abiad 10.3 109.7 ( 95.2-124.2)
A. Aswad 11.3 95.2 ( 60.1-126.5)
WI 2291 9.5 119.8 (109.1-130.6)
WI 2198 9.4 116.1 (100.1-132,1)
WI 2269 9,2 137.5 ( 94.1-120.9)
WL 2291/WI 2269 9.1 129.2 (118.1-140.3)
SLB 39-99 10.0 112.7 ( 98.8-126.5)
SIB 62-35 10.2 116.4 (111.0-121.8)
SIB 62-99 10.3 98.3 ( 82.8-113.8)
SIB 8-6 10.3 102.7 ( 85.1-120.3)
SIB 60-2 10.1 113.7 (106.2-121.1)
SIB 39-43 10.7 107.3 ( 98.4-116.2)
SLB SLB 8-84 10.3 103.4 ( 89.9-116.8)
Atem 9.8 116.1 ( 99.6-132.6)
Lignee 131 11.5 100.8 ( 84.6-116.9)
Alger/Union 11.3 104.1 ( 89.8-118,3)
Kervana/Masurka 9.9 103.0 ( 86.6-119.4)
BON 27 10.5 104.8 ( 94.8-114.8)
Harmal 9.7 95.3 ( 79.0-111.7)
ER/Apm 10.4 97.4 ( 77.4-117.3)
Wadi Hassa (SLB 8-89) 9.6 119.2 (102.3-136.1)
Roho/Masurka 11.3 92.6

Roho 10.2 97.9 ( 87.9-107.9)
SBON 96 9.8 122.6 (115.2-130.0)

Table 73. Ieaf number at various development stages and imaximm main
shoot tillers. Values in parenthesis are ranges.

Entry group Leaf No. Leaf No. Final Maximm
at DR at TS Leaf No. MS tillers
Tadmor type 5.3 7.9 10.7 3.1
(4.9-5.8)  (7.5-18.5) (10.3-11.3)  (2.9-3.4)
S1B 4.1 6.9 10.3 2.8
(3.7-4.5)  (6.3- 7.3) (10.0-10.7)  (2.5-3.0)
WI 3.7 6.2 9.3 2.4
(3.6-3.8) (6.0~ 6.3) ( 9.1~ 9.5)  (2.2-3.0)
Unadapted 4.3 7.6 10.6 2.7

(3.4-6.0) (6.5~ 9.4) ( 9.8-11.5)  (2.1-4.0)

Harmal 3.8 6.3 9.7
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Leaf molour. We reported (Cereal Improvement Program, Annual Report
1987, p:125) that light green colour is positively related to grain
yleld under drought in durum wheat and information on barley colour
during the growing season is provided here. Chlorophyll information
and its possible relation to plant colour has been provided by Dr.
R.B. Austin from the Plant Sciences Institute of Research, Cambridge.

Chlorophyll in plants occurs only in chloroplasts in the form of
chlorophyll containing proteins. These proteins are constituents of
the two photosystems, PSII and PSI, located on the thylakoid membranes
in the chloroplasts. Each photosystem particle (a mesophyll cell of
bread wheat contains about 150 chloroplasts and each chloroplast will
contain at least a thousand photosystem particles) contains a "core
complex" of several different chlorophyll proteins. It is within this
core that the photochemistry (water splitting by charge separation in
PSII and generation of reducing power and ATP in PSI) takes place.

Most chlorophyll in leaves is in the form of complexes called
light harvesting chlorophyll proteins (IHCII and IHCI for the two
photosystems). LHCII and IHCI form "antennae" for intercepting photons
which are then passed on to the core complexes where photochemistry
takes place.

Antenna chlorophyll has an a/b ratio of 1-1.3 while that in the
core complexes is mainly chlorophyll a. In low light envirorments
there is relatively more antenna chlorophyll than in high 1light
ernviromments (i.e. low a/b ratio), which ensures a sufficient delivery
rate of excitons to reaction centers to keep them working efficiently.
In high light, too much antenna chlorophyll can overload the core PSII
complex. If electron transport through PSII is inhibited by feed back
mechanisms due to low demand for the products of photosynthesis (e.g.
at low temperatures or in drought), proteins in the core of PSII are
damaged and photosynthesis subsequently is impaired (a phenomenon
known as photoinhibition).

During the initial part of the season, roughly through the
beginning of stem extension, solar radiation is limiting in northern
Syria (8 MIm™2a~1) increasing to values above 20 MJ m™2 d-1 during
stem extension, heading and grain filling (28 MJ m™2 d~1). At the high
levels of radiation it is very likely that photoinhibition will occur,
particularly if the plants are subject to drought or heat stress.

Fig. 15 shows the evolution of plant colour throughout the season
of four groups of barley genotypes at Bouider, a dry testing site. The
naturally adapted genotypes (landraces), Tadmor, Arabi Aswad, Arabi
Abiad (Tadmor group) and pure lines isolated from landraces (SLB
group) show a distinct colour pattern as compared to a Waite Institute
set of entries (WI) and BEuropean entries which have been shown to be
poorly adapted to the northern Syria envirorments. Most interesting,
the Tadmor and SLB groups show a dark green colour early in the season
when radiation is low, which changes to pale green as radiation
increases.
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Fig. 15. Plant colour during *i.» season as a mean for four ¢cvoups of

entries. Source: PCB pouider 1987/88. Score: 1 = light green;
3 = dark green.

Dr. N. Watanabe, working on chlorophyll proteins at the Institute
of Plant Sciences, Cambridge Laboratory, measured the chlorophyll
content and a/b ratios in a set of genotypes with either light green
or dark green leaves. Measurements were done early in the grain
filling period on samples from irrigated plots at Cambridge. The flag
leaf-1 in replicated plots was analyzed. A sumary of the results is
given in Table 74. Light green genotypes consistently had a higher a/t
ratio than dark green ones but there was no consistent difference
between groups in their chlorophyll content per unit leaf area. The
observed difference in a/b ratio is similar to that between high-
photosynthesis diploid wheat species and bread wheat. In diploid
wheat, the high a/b ratio is associated with a smaller ratio of
chlorophyll in the antenna to that in the core camplex of photosystem
IT and with a higher capacity for photosynthetic electron transport,
particularly at light saturation. These associations need to be
investigated in barley. Present efforts of Dr. Watanabe at IPSR seek
to separate chlorophyll proteins by gel electrophoresis to measure the
antenna/core complex ratio of the light and dark leaf colour barley

genotypes.



The light leaf colour of the adapted barley genotypes is
associated with a consistently higher chlorophyl) s,/ ratio, and this
is likely to be a measure of a reduced amount of artenna chlorophyll
in proporiicn to that in the cores of PSII and PSI. ‘This may confer
(a) a high rate of photosynthetic eliectron trarsport, possibly
resulting in a lower Ci anu hence a high transpiration efficiency, and
(b) reduced susceptibility to photoinhibition. The colour pattern of
the adapted barley genotypes may be a useful selection criteria for
barley improvement for dry enviromments similar to those northern

Syria.

Table 74, leaf colcur, chlorophyil content and chlorocphiyll a/b ratio
of dark green (n=6) and llght green (n—7) barley genstypes.
Measurements done during grain filling 1/,

Genc'ype Leaf colour Chl. content thl. a/b ratio
group score?/ mmol m™

Occasion Occasion

1 2 1 2
Dark 2.50 236 408 3.762 3.4€1
Light 1.04 253 382 3.892
3.729
1LSD 0.05 (one side test) 26 26 0.136 0.040

1/ pata provided by Dr. R.B. Austin.
2/ goore: 1=light green; 2=dark green.

Growth habit. An early prostrate growth habit, before stem extension,
has leen correlated to yield under dreught in the Jediterranean
enviromments of northern Syria (Acevedo, 1987. In: Drought Tolerance
in Winter Cereals pp:303-320). A plausible explanation lies in an
increased grourd cover and light interception by the crop at a time
when radiaticn is low, resulting in an increased water use efficiency.
Fig. 16 shows that the adapted eatvies, Tadmor, Arabi Aswad and Arabi
Abiad, are p-ostrate early in the season. Other Syrian landrace
barleys (SIB grrayp) show a similar but less pronounced pattern. The
WI group is copletely erect through the growing season and the
European unadapted entriz:s are also erect except for Lignee 131 which
is prostrate. Within the SIB grcup, a ramje is found with SLB 60-2
being Tadmor-like to SLB 8-84 beirg WI-like.
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Fig. 16. Mean growth habit during the season for four groups of
entries. (PCB, Tel Hadya 1987/88. Score: 1 Erect;3 Frostrats).

The initial prostrate growth habit of the Tadmor-like and SLB
group changed to erect between 600 and 800 ©CD at Tel Hadya, between
500 and 700 °CD at Breda and between 400 and 600 OCD at Bouider. At
Breda, where detailed information on apex development. was obtained,
the charge from prostrate to erect hzbit uocurred auring ear
initiation. i.e. between double ridges and maximm mumber of
spikelets, and may b related to the vernalization requirement of the
entries. If his is the case, the change in growth habit would be a
good field indicator that veyrmalization requirements have been met in
those entries requiring devernalization. Tnternode elongation, which
would be an obvious indicater, did not necessarily coincide with the
change in growth habit.

Vernalization requirements. The reproductive developrent of barley ard
consequently the time to ear emergence and maturity is influenced by
vernalization or cold requirement for ear initiation and by
photoperiod and teimperature response during growth. As part of the
collaborative program of the Cereals Physiology Project’ of ICARDA with
the Institute of Plant Science Research (IPSR), Cambridge, UK., the
vermalization requirement of 50 two-row barleys, including 30 of the
genotype characterization trials, was determined at Cambridge.
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The results (Table 75) show that the majority of genotypes
examined were sp-ivg types, i.e. genotypes in which vermalization
treatment did not hasten time (degree days) to ear emergence. This
growp included Japanese and Eurupean genotypes, 3 genotypes from
Turkey, cvne from each Pakistan, Morocco and Iran, and the genotypes of
the barley characterizaticn physiology nursery of ICARDA except for
the local landraces. Of the remaining genotypes in which time to ear-
emergence was hastened by vernalization (i.e. winter types), only
Lignee 131, a genotype from Montpellier in France, required more than
two weeks vernalization. This group included all the landraces
examined, twc jenotypes from Iran and one each from Iraq and Turkey.
The Tadmor type and SIB entries which are well adapted to northern
Syria require vernalization.

Table 75. Classification of 2-row barleys into spring-type
(vermalization did not hasten time (day-degrees) to ear-
emergence) or winter-type (2 weeks vernalization did hasten
ear-emergence) . Day-degrees to ear-emergence in t'= 0 week
treatment and the effect (+ = earlier, - = later) of 2 weeks
vernalization are shown.

Spring type ©¢ days to Difference in

ear emergence Oc days between

No vernalization no vernalization

treatment and 2 weeks
Genotype vernalization* origin
Bankuti Korai 1116 +54
Shunsei 1109 +110
Nirakei 19 840 +8 Japan
Satsuki 1024 +64
Amaji Nijo 836 0
Proctor 1234 +45
Maris Mink 1136 +39
Triumph 1046 +34 Europe
Georgie 1003 -24
Kenia 1028 +23
Harmal 727 +72 Barley
WI 2291 720 -13 characterization
WI 2198 780 +111 trial.
Er/Apm 764 +41 Landraces
Atem 999 +44 excluded
Alger/Union 818 +76
WI 2291/BG-5 769 +35
WI 2291/EH 70-F3-AC 897 =50

A16//2728/SV. Mary 782 +62
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Table 75. (cont’qd).

Spring type % days to Difference in
ear emergence % days between
No vermalization no vernalization
treatment and 2 weeks
Genotype vernalization* origin
Roho/Masurka 825 +74
WI 2291/WI 2269 753 +61
Jer. Barbelisse/ 741 +46
€110836
Kervana/Masurka 1090 +46
Rohn 787 +84
Swannek 772 +5
cytris 941 +43
S. Bon 89 1020 +53
S. Bon 29 921 +27
S. Bon 27 1020 +88
S. bon 4 843 +110
S. Bon 96 737 0
Drusp 896 -6 Pakistan
Esperance 786 =14 Morocco
1~28-98 53 9439 -85 Iran
Ankara Tokak 14 916 -5
Guzak 924 +24 Turkey
Smyrnakorn 1125 =52
Arabi Abiad 1686 +700
Arabi Aswad 1294 +383
Tadmor 1702 +722 Syrian
EIB 51 = S1B 60-2 1738 +605 Iandraces
EIB 75 = SIB 39-43 1670 +661 or derived
EIB 80 = SLB 39-99 1667 +581 genotypes
EIB 11 = GLB 8-6 901 +230
W. Hassa = SIB 8-89 1123 +233
I. Asadabad 1452 +394 Iran
1~34-15 20 1614 +703
Mosul 72 1583 +707 Iraq
Aklidar 1817 +818 Turkey
Lignee 131 1861 +5191 France
S.E.D. 50.4

* °, positive mumber greater than 100 indicates a vernalization
r. quirement.

1 6-wesks vernalization.
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Potential and realized kermnel mmber. Results of previous seasons
indicated that the number of grains per spike was the yield camponent
most affected under the driest environments. Table 76 shows the average
decrease in yield and yield components at Hreda and Bouider with
respect to Tel Hadya for the 1985/86 and 1986/87 seasons.

Table 76. Yield and yield structure as affected by stress. (Breda,
Bouider) . Percentage with respect to Tel Hadya. 85/86; 86/87.

Barley Wheat

2 row 6 row Durum Bread
Grain Yield =52 =57 =77 -70
Spikes/area 7 3 6 7
Grains/spike -43 -44 -64 -60
Grain mass -25 -24 -40 =30
Straw -45 -44 -54 =50
HI -7 =16 =34 =50
DH -5 -5 =10 -11
m -7 -7 -11 -9

HI = harvest index, DH = days to heading, M = days to maturity.

As mentioned previously, the 1987/88 season was wet at Tel Hadya,
BmdaarﬂBmiderarxithekemelmmberofthetwentyfivetm—mw
barleys under study was little affected at the drier sites, 11.4% on
the average as compared with the wettest site (Tel Hadya) .

Counting of the potential number of kermels was done at the
maximm number of spikelets stage. Counting was repeated between

i and anthesis (developed kernels) and during grain filling
(fertilized kernels). Results are summarized in Table 77. At Tel
Hadya and Breda unadapted entries had a higher number of potential,
developed and fertilized kernels, the means for the WI and Tadmor
gmzpswerelowera:ﬁthesmgrmpprsentedawiderangewithan
intermediate mean. Because barley spikes are indeterminate, a positive
correlation between the ear initiation period (DR-TS) and potential
kermel number would ba expected. At Breda the correlation was 0.49
(P<0.05) and the EIP esplained 24% (P<0.05) of the variation in
potential kernel number. The entries with the lowest relative mumber of
fertilized kermels were WI 2291 and SBON 96, both early heading and
with higher scores of frost damage around anthesis. The relative
lateness in anthesis of the Tadmor and SIB groups resulting from a long
E-DR period and relatively short EIP and spike growth period may have
evolved to cambine a high vegetative growth and escape to possible
spike frost and drought damage.
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Table 77. Kermel number of the ears of the main snoot at three stages
of ear development (see text). Values are means of 3
replications and four measurements per plot. Values in
parenthesis give the kernel number as a percentage of the

potential.
Kernel number
Site/entry group Potential Developed Fertilized
Tel Hadya
Tadmor 42.7 25.9 (60.8) 25.6 (60.0)
SLB 42.0 25.6 (61.0) 24.5 (58.3)
WI 42.0 25.6 (61.0) 24.5 (58.3)
Unadapted 45.8 32.1 (70.1) 29.4 (64.3)
Breda
Tadmor 40.1 24.6 (61.3) 22.0 (55.0)
SIB 40.4 25.0 (61.8) 23.9 (59.3)
WI 39.1 23.1 (59.2) 22.0 (56.4)
Unadapted 43.4 27.6 (63.6) 26.2 (60.5)

Grain filling of barley genotypes. The grain filling rate and duration
of 27 two-row barley genotypes was studied to identify cultivars best
adapted to terminal stresses (drought anl heat). Use was made of this
particularly high rainfall season at Bouider (381.8 mm) to assess the
effect of accelerated leaf senescence on grain filling.

The experiment was performed in replicated plots (2.4 x 5 m) which
at the time of anthesis were split longitudinally. One half of the plot
was sprayed with a solution of potassium iodide (4 gr/l) 10 days after
the yellow anther stage to accelerate senescence (N.C. Turmer, personal
cammunication) . The equivalent to 2500 1/ha or 0.25 1/m? of KI soluticn
was sprayed to fully wet tle plants, ears included. The effectiveness
of the KI treatment was assessed by measuring photosynthetic rate in
the flag leaf-1 in treated and untreated plants, four and eight days
after the treatment. On average, net photosynthesis was reduced by 40
ard 50% atthetwomeasurementoccasionsinthetreatedasocmparedto
the untreated plants. Leaf conductance nowever was affected only by
8.5%.

Ten spikes per sub-plot were randamly sampled immediately after
the treatment with KI and at 5 days interval through hard grain stage.
At each sampling the grains were dried in a ventilated oven at 75°C for
48 h., counted and weighed. Observations on plant senescence were also
taken using a 1 to 5 score.

Fig. 17 shows the mean kernel weight through the grain filling
period of the treated and untreated plants. The KI treatment decreased
kernel weight significantly (P<0.01) at maturity. Varieties differed at
P<0.01 in final kermel weight while the variety x treatmer.i interaction
was insignificant. Table 78 shows the mean values of kernel weight for
the treated and untreated plants.
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Table 78. Mean and range of final kernel weight of
plants treated with a KI solution at 4% 10
days after anthesis (Means obtained from 10
plants x 3 reps x 27 entries).

Kernel weight (mg)

Treated Untreated
Mean 32.6b 35.6a
Range 24.9-41.1 29.0-43.3
ISD (0.05) 5.5 6.0
WTREATED
BOUIDER 87/88 * UNTREATED

40 4

1000 KERNEL WEIGHT (GR)

0 T T T T T
SAMPLE NO. g 1 2 3 4 "
DEGREE-DAY 900 1150 1400
ACCUM. FROM

EMERGENCE

Fig. 17. Effect of KI treatment on 1000 kernel weight. Average for 27
barley lines.

It was important to identify varieties having similar final kernel
weight for treated and untreated plants since this can be interpreted
as the ability of the genotypes to fill grain despite decreased
photosynthesis during grain filling. Table 79 lists genotypes with the
values of the kernel weight and the effect of the treatment. Genctypes
are ranked from low to high differences in kernel weight.
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Table 79. Final kernel weight (mg) of treated and untreated genotypes
(ISD 0.05 for the difference between two genotypes=5, 6)

ER/APM 43.3 34.
SLB 39-99 42.4 30.

Genotype Untreated Treated Difference
WI 2198 34.4 35.3 -1.9
SIB 8-6 32.0 32.7 =0.7
Alger/Union 41.3 41.1 0.2
SIB 60-2 38.0 37.6 0.4
SIB 8-89 39.4 39.0 0.4
Tadmor 31.2 30.7 0.5
Swanneck 31.0 30.5 0.5
Lignee 131 33.6 32.6 1.0
BON 27 29.0 27.7 1.3
WI 2291/WI 2269 35.6 34,2 1.4
Roho/Masurke 36.6 34.9 1.7
WI 2291 35.7 33.9 1.8
A. Abiad 37.3 35.1 2.2
SLB 39-43 35.8 32.9 2.9
Cytris 37.0 33.9 3.1
Harmal 37.8 34.6 3.2
SBON 96 40.3 36.9 3.4
SLB 62-35 29.0 25.6 3.4
Roho 38.7 34.9 3.8
A. Aswad 31.4 26.7 4.7
Atem 26.8 21.2 5.6
SIB 62-99 34,0 28.4 5.6
SIB 8-84 38.2 32.4 5.8
WI 2269 38.5 32.6 5.9
Kervana/Masurka 32.3 24.9 7.4
8 8.5
1 2.3

=

A small difference in kemmel weight indicates that in spite of
re.aced net photosynthesis and arcelerated senescence (the senescence
scote was on the average 1.32 “imes higher in the treated plants 20
days after anthesis), the genotype was able to fill the grains. The KI
treatment did not affect the grain number per spike.

Regression analysis showed that there were no treatment effects on
grain filling rate between the treated and untreated plants. Grain
filling duration, assessed by the inflexion point of the plateau in the
kernel weight versus time curves, was significantly longer in the
untreated plants of only six varieties, WI 2269, Roho/Masurka, SIB 39-
99, SLB 8-84, SLB 8-6 and Atem. Four of these varieties are within the
group of 25% higher difference in kernel weight between treatments.

Photosynthetic rate was checked by 40 to 50% of controls four to
eight days after the KI treatment. Grain number per spike was the same
between treatments, there were no differences in grain filling rate and
the grain filling duration between treatments was similar in 21 out of



the 27 varieties tested. The lack of difference in kernel weight
between treated and untreated varieties was largely due to
retranslocation to the grain of stored assimilates prior to the KI
treatment. The differences in variety behaviour are more canpletely
illustrated in Fig. 18 where the varieties Wadi Hassa (SIB 8-89) ard
Roho are contrasted.

The correlation coefficient between final kermel weight and days
to anthesis was -0.53 (significant at P<0.01) for the untreated plants.

*TREATED
UNTREATED

BOUIDER 1987/88
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Fig. 18. Effect of KI treatment on 1000 kernel weight. a) W. Hassa
(SLB 8-89) and b) Roho.
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For the treated plants r was negative but insignificant (r =
0.36). Th=2 51gmf1cant negative correlation between heading date and
kernel weight in the untreated plants indicate that the late heading
plants were subject to terminal stress. In fact, a heat wave
accelerated the maturity of the untreated plants such that the
senescence scores beyond 30 days after anthesis became equal for the
two treatments.

Heat Stress in wheai:

Cereal yields are essentially determined by management, varlety
and envirorment. Winter cereals are cool season crops. Among various
climatic factors, high temperature is a major production constraint.
nghtenperatur&snayoowrtmoughaxtthegmlmgseasonasmthe
lowlamd tropics or as terminal heat affecting the crop during the grain
filling period in Mediterranean envirorments and highlands. In Sudan
wheat grown between 14 N and 16 ON latitude and 350 m elevation yields
0.75 MG/ha. In this case the growing season is short and with high
temperature throughout.

In this work we aim at investigating crop responses to high
temperature stress and identify morphophysiological and phonological
traits related to temperature tolerance. The traits related to
temperature tolerance of wheat and barley can be evaluated by assessing
the effects of temperature at each growth stage and on final yield. For
analysis purpcses, and due to physiological plant responses, the
development of a winter cereal may be conveniently divided into three
major phases: from emergence to double ridge (GS1), from double ridges
to anthesis (GS2) and fram anthesis to maturity (GS2). Temperature has
an effect on each of these phases.

Experimental. The study is being approached by exposing a set of wheat
genotypes to various planting dates in the Mediterranean climate of Tel
Hadya“

Twenty one bread wheat and three durum wheat fixed lines
representing various stages of selection for heat stress were studied.
Planting dates were December 1st, 1986 (normal, N), March 23, 1987
(terminal heat stress, THS) and July, 15, 1987 (heat stress early in
the season, EHS). An additional planting was done on May, 20, 1987 to
expose cultivars to heat stress during the whole growing period (HS).
Heavy root rot attack in this planting allowed obtain only partial
information. On November 15, 1987 the cultivars were planted at Wad
Medani, Sudan (14°, 24’N, 380 m elevation) on the Gezira University
Farm in collaboration with Professor J. Sirag. At this site entries
were exposed to the normal heat stress of the dry lowland tropics
throughout the season.

The experimental design at each site or date was a randamized
camplete block with three replicates. For analysis purposes four or
five enviromment levels were available (five when variables fram HS are
included). Plot size varied according to site, being 1.8 m wide (6
rows, 30 cm apart) and 5 m long at Tel Hadya (Oyord planted) and 1.8 m
wide (3 rows, 60 cm) and 6 m long at Wad Medani (hand planted in
ridges). The sowing rate was 110 kg/ha in all the experiments.
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Crop husbardry other than planting method was the same in all
enviroments and corresponds to that usually used at ICARDA.
Irrigations were given to replace crop evapotranspiration every 7 or 8
days during the rainless season at Tel Hadya (spinkler) and every 10
days at Wad Medani (surface irrigation). The observations included
crop emergence and establishment, growth, development and yield.

Enviroments. Fig. 19 shows long term average temperatures and
daylength for Tel Hadya and Wad Medani, and Fig. 20 shows the actual
temperature for the various plantings.
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Fig. 19. Monthly mean temperature for Tel Hadya (closed circles), 8
years average and Wad Medani (open circles), 30 years
average. Day length was approximated by the maximm rumber of
sunshine hours for the respective latitudes.
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The temperature regime is supraoptimal (>20°C mean temperature)
for wheat growth at Wad Medani throughout the season while at Tel Hadya
it stays above 20°C from early May through the end of October.
Daylength fluctuates throughout the year at Tel Hadya, frow a minimm
of 9.8 h in December to a maximum of 14.5 h in June, while at Wad
Medani it oscillates from 11.2 h to 13 h. Daylength fluctuation for
the growing season at Wad Medani (November through March) is smaller,
from 11.4 h to 12 h.

It is not possible to mimic the temperature and daylength regime
of Wad Medani by field planting at Tel Hadya. While a June planting at
Tel Hadya will have relatively similar mean temperatures than Wad
Medani, daylength will be approximately 2.5 h longer. This implies that
photoperiod sensitivity of the germplasm in this experiment is
confourded.

45

TEMPERATURE (°C)

S (TH),  wap MEDANI

Fig. 20. Maximum (open circles), minimm (closed circles) and mean (%)
temperatures at various planting dates., Tel Hadya (solid
lines) and Wad Medani (broken lines). 1987/88 season.

The plant material at Tel Hadya was subjected to one month (Fig.
20) of heat stress at the end of the grain filling period (15 May-15
June) in the normal planting. The terminal heat stress was increased to
two months by planting by mid March. The crop was subjected to thermal
stress throughout the season by planting in mid May and to
predominately early heat stress by planting early in July.
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Yield and Yield Components. Envirommental effects on yield are
presented in Table 80, the values are average for the nursery under
study. Grain yield was drastically reduced by heat stress, the biggest
reduction occurred when heat stress was present throughout the season
at Wad Medani. At Tel Hadya the heat stress early in the season had the
most negative effect, not significantly different than the effect at
Wad Medani. Total above ground biamass, though affected at Wad Medani,
was not as severely uecreased as the early heat stress at Tel Hadya,
probably due to higher temperatures at the latter site.

Table 80. Environmental effects on grain yield, total above ground
biomass and harvest index. Means of 24 wheat cultivars. The
percent value in comparison to to Tel Hadya normal planting
(100%) is also given.

Envirorment Grain yield Above ground biomass Harvest index
MGha™1 % MGha™1 % %

TH normal 3.56a 100.0 9.41a 100.0 0.38ab 100.0

TH terminal 1.57b 44.1 4.21b 44.7 0.36b 94.7
heat stress

TH early heat 1.20c 33.7 2.98c 31.7 0.40a 105.3
stress

Wad Medani 0.96¢c 26.9 3.95b 42.0 0.24c 63.2

ISD (0.05) 0.30 0.74 0.03

Numbers followed by a different letter in the same colum differ at
P<0.05.

Correlation coefficients for grain yield in the various
enviromments were not significant except for normal planting at Tel
Hadya and Wad Medani where low (P<0.05) correlations were found. The
general lack of correlation in grain yield is indicative of significant
genotype x environment interactions.

Table 81 presents the effect of envirorments on yield camponents.
Grain number per unit area and mean grain mass are the grain yield
determinants. Delaying planting at Tel Hadya reduced mean grain mass by
an average of 24.8% while at Wad Medani the reduction was of 30.1% with
a similar number of kermels per spike than the normal planting at Tel
Hadya. The major reduction in grain yield is the result of decreased
grain number, particularly by decreased spikes per unit area. The
reduction in spikes per unit area was associated mainly with early heat
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stress and accounted for about 55% of yield loss at high temperatures.
The number of kermels per spikelet (a/b in Table 79), though low does
not seem to have been greatly affected by either THS or EHS while the
number of kernels per spike was reduced fram 9.6% at Wad Medani to
28.8% for THS at Tel Hadya. All yield camponents listed in Table 80 had
a significant genotype x enviromment interaction (P<0.01). Grain number
per unit area also differed significantly (P<0.05) for enviromments,
genotypes and their interaction. The important contribution or reduced
number of spikes per unit area on grain yield reduction for early heat
stress should be examined in terms of crop establishment and tillering.
There was a drastic reduction in crop establishment associated to early
heat stress (20 to 30% with respect to normal planting). In spite of an
increase of spike number per plant campensating for low plant density
the decrease in crop establishment appeared as the main yield reduction
cause. On a single trait analysis the problem is to select for
varieties able to germinate and emerge under heat stress. This trait
can be screened under controlled conditions. It is important that in
this study significant differences in crop establishment between
genotypes within enviromments were found (P<0.001) and the GxE term of
the analysis was also significant at the same level, giving scope for
selection for this character.

Table 81. Yield ocamponents of wheat as affected by envirorments
differing in heat stress. Means of 24 cultivars. The percent
value with respect to Tel Hadya normal planting (100% is also
given.

Enviromment  Spike No. Kernels Spikelets a/b Mean grain
(m~2) per spike (a) per spike (b) mass (ng)

TH normal  349.2a 100.0 27.la 100.0 15.9a 100.0 1.7 39.5a 100

TH terminal 292.9b 83.9 19.3b 71.2 12.3c 77.4 1.6 28.9b 73.2
heat stress

TH early 163.2c 46.7 22.1b 81.5 13.4b 84.2 1.6 30.5b 77.2
heat stress

Wad Medani 145.6c 41.7 24.5%a 90.4 N.a. - - 27.6c 63.9

Numbers fol lowed by a different letter in the same column differ at
P < 0.05

Phenology. Days from sowing to emergence were significantly reduced by
increased temperature, from 25 days in the normal sowing to 9 and 13
days in the THS and EHS at Tel Hadya to 4 days at Wad Medani. Soil
water was not limiting for any of the planting dates at germination
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time. Table 82 shows values for thermal time and average 5 cm soil
temperature in the germiration-emergence period. The highest
temperature for EHS at Tel Hadya was particularly detrimental to
germination and emergence.

'I‘able 82. Days to emergence, thermal time (base temperature = 0°C) ‘and
mean soil temperature at 5 cm depth during the sowiig-
emergence period.

Environment Days to emergence e Soil temperature ¢
TH Normal 25 "2.3 9.6
TH Terminal 9 l.5 15.1
heat stress
TH Early 12 406.0 37.8
heat stress
Wad Medani 4 123.0 35.4

Table 83 shows the mean duration and range for *he development
stages GS1, GS2 and GS3 along with the accumlated thermal units base
0°C during the phase. Heat stress shortened the duration of GS1 and
&S2 as campared to normal planting in all enviromments. The duration of
GS3 was the same across environnents, probably because all sites had
same level of heat stress during this period. Similzar thermal units
were required for GS1 in all enviromments, except THS which had an
abnormally low value. The thermal units required for GS2 were the same
in all enviromments. For GS3 the thermal units increased with increase
in mean temperature except for Tel Hadya late heat stress which had a
lower number of ©CD than expected. Table 84 shows that within the
mursery there was a wide range of duration (days) for each
developmental phase.

Phenology was also asseseed by Zadoks visual score and was highly
correlated with the apex development in spite of changes in development
rate under heat. stress as campared to normal planting (Table 83).

Enviromental effects on growth. Plant breeders usually use plant
height and peduncle length as indicators of plant growth. Both traits
were reduced by heat stress when campared with normal planting, the
greatest reduction occurred when early heat stress was predominant at
Tel Hadya. Ieaf area per plant developed faster under high temperature
but maximm leaf area per plant was higher in the normal planting. When
the values were axpressed on a unit soil surface area (leaf area index,
IAT), it was observed that wheat under THS barley covered the soil
surface (LAI<3.0) while at Wad Medani the IAT reached a maximm (at
anthesis) of about 0.5, a reflection of the planting method. The leaf
area density or specific leaf weight (leaf weight per unit area) was
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significantly higher around anthesis under high temperatures,
indicating that expansive arowth was aff . Average leaf size was
smaller in the heat stressed treatments (15, 11 and 8 cme per leaf for
the normal, THS and Wad Medani enviromments respectively).

Table 83. Mean duration and range of thres major wheat development
phases as affected Ly envirorment. The thermal uni’s (°cD)
presented are calculated above a threshold of 0°c.

Envirorment
Normal THS HS EHS Wad Medani

Phase Days O Days 9D Days ©cD Days ©cD Days ©cp
GS1 55.9a2 459a 13.9c 185p 22.1b 513a 20.4b 576a 22.2b 56.2a

(60-52) (29-10) (33-12) (44~8) (39-12)
GS2 73.8a 827ab 48.9b 883ab 28.6d 782b 32.4d 893ab 38.5c 938a

(80-64) (72-33) (50-13) (56-13) (54-22)
GS3 28.5a 606c 29.4a 770b 28.8 894a 26.5a 586¢c 30.5a 748b

(39-22) (42-14) (43-8) (42-10) (43-20)
Crop 156.2a 1892 92.2b 1828 79.5c 2189 79.3c 2055 91.2b 2248
duration

Means in a row for a given variable rollowed by the same letter do not
differ at P < 0.05.

Phernctypic effects. Genotypes tested had no significant differences in
grain yield and total biomass within most enviromments in spite of
differences in yield components, except for early heat stress at Tel
Hadya where the grain yield differed at P<0.01 and total biomass at
P<O.tu. The differences in harvest index between genotypes were
significant (P<0.01) in all envirorments. The mean, range ard
phenotypic standard deviation of the nursery under study are given for
each site in Table 84.

The association between grair yield within envirorment and the two
determinants, grain number per m? and mean grain mass is shown in Table
85, the relative contribution to yield of each factor as determined by
multiple regression is also given by the % of the total sum of squares
reduced.

Genotypes preducing high number of kernels per m? had smallar and
lighter grains while those with high number of spikes per m? produced
fewer grains per spike an smaller grains. Thus compensation in yield
camponents in all but one enviromment were traaslated into lack of
significance in grain yield.

Within any given envirorment the correlation across genotypes
betwesn grain weight per plant and GS1, GS2 and GS3 were insignificant,
except for Wad Medani where a longer GS2 was positively correlated to
grain yield per plant. At Tel Hadya, however at the very late planting
(EHS), a long GS2 was negatively correlated to yield.
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lity in devel

pursued further here other than
between the five top and bottam
camponents was observed at the FHS
opmental phases and grain
and EHS envirormments.

Table 84. Nursery mean, range and phenotypic standard deviation at each

enviroment for

grain yield, biological yield and harvest

index (r=24).
Enviromment

TH Normal THS EHS ¥Wad Medanj

Mean PSD Mean PSD Mean PSD Mean PSD
Grain Yield 1356 77 157 37 120 45.5 96 43

(280-480) (121-196) (0.0-219) (51-151)
Biological 941 203 421 95 298 109 396 93
Yield g/m?  (787-1210) (306-545) (163-497) (280-542)
Harvest 0.38 0.02 0.38 0.04 0.40 0.0% 0.24 0.06
Index (0.34-0.43) (0.32-0.46) (0.0-0.51) (0.12-0.31)

Table 85. Association between

grain yield and its major components

(n=24) .
Environment No. kernels/m? Mean grain mass
r % r %
TH Normal 0.80%* 63.6 0.11 35.7
THS 0,.82%% 67.4 -0.14 28.4
EHS 0.95%% 90.5 0.69%% 3.7
¥ad Medani 0.93%% 85.9 -0,08 12.4

** P<0,01
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conclusions

There is no planting date at Tel Hadya that would match the
envirormental conditions (temperature and day length) presented in the
dry lowland tropics of the Sudan. Even though at times temperatures may
be similar, day length is significantly longer at Tel Hadya. The
genotype x envirorment interaction is significant for all the planting
dates tested. Grain yield was decreased up to about 70% under hot
envirorments. A similarity in grain yield decrease at Tel Hadya and Wad
Medani was obtained when the wheat crop was planted during the first
half of July at Tel Hadya, i.e. when the Crop was exposed to
predaminantly early heat stress.

- The high reduction in grain yield at the hottest envirorments was
mainly the result of a decrease of grain number per unit area
(about 70%). This was associated to a reduction in crop
establishment and spikes per unit area were reduced in about 55%
Kernels per spikelet was not sensitive to the heat stress
envirorments. Significant genotype x enviromment interactions were
found for the yield camponents investigated.

- Crop establishment at high temperature had an overriding effect on
spikes per unit area. Compensatory increase in tiller mumber and
in spike number per main shoot tiller though present could not
overcame the effect of low plant density. Selection for genotypes
able to germinate and emerge under heat stress appears desirable,
the variability between genotypes in this trait is high.

- The GS1 stage (days from emergence to double ridges) was decreased
by 62% while GS2 (days from double ridges to anthesis) was
decreased by 55% by heat stress early in the season and heat
stress through the growing period. Gs3 (anthesis to maturity) was
equal for all enviromments. As a result total crop duration was
reduced by 47%. This resulted in decreased growth: plant height,
peduncle length, leaf area per plant, leaf area index and
increased specific leaf weight. Kernels per spike were affected
between 10 and 20% and mean grain mass between 20 and 30%.
Significant genotype x envirorment interactions were present.

- The best enviromment to select for physiological traits postulated
toconferheattolerameappeaxstobe'relﬂadyaearlystrms
(early July planting).

Several researchers contributed to the information in this report.
These include graduate students working in the project , Mr. Adil
Deifalla, Mr. Pedro Perez-Marco and Mr. Erik van Oosterom; the
collaboration of Dr. R.B. Austin and Dr. P.C. Craufurd from PSIR,
Cambridge, Prof. J. Sirag from the Gezira University, Sudan and regular
staff of the Cereal Physiology/Agronamy Project, Mr. Issam Naji, Mr.
Riad Saccal, Mr. Mufid Ajami and Mr. Salem Farrouh.

E. Acevedo
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3.2. Pathology

3.2.1. wheat diseases

The most feasible control measure for wheat diseases in the WANA
region is the use of resistant cultivars. The main tool used at the
Center to up-grade the resistance level of the developed germplasm is
screening for resistance to diseases in sites where high disease
pressure prevails, "hot-spots". This helps in discarding susceptible
lines and in identifying sources of resistance.

At the principal station, T. Hadya, and sub-station Lattakia, in
Syria, techniques and methods are well established for the diseases,
yellow rust (Puccinia striiformis), leaf rust (P. recondita), septoria
tritici blotch (Mycosphaerella graminicola) and common bunt (Tilletia
foetida and T. caries). Additional information on the above diseases
are obtained through multilocation testing system, also including the
diseases stem rust (P. dgraminis), tan spot (Pyrenophora- trichostoma-
repentis) and powdery mildew (Erysiphe graminis).

Resistant lines to one specific disease precipitating from
screening procedures are usually pooled in special purpose disease
nurseries, repeatedly tested for 3-4 years and selected for acceptable
agronamic characteristics and non-targeted diseases. The seed of such
pools is multiplied and distributed for use in crossing programs and by
NRPs. For 1988/89 the following pools have been dispatched to NaRS:
Germpalsm Pool for Yellow Rust Resistance, durum and bread witeat; and
Bread Wheat Germplasm Pool for Common Bunt and Yellow Rust Resistance.

Screening for disease resistance

Tables 86 and 87 give an overview of durum and bread wheat
germplasm screened for resistance to major wheat diseases in 1987/88. A
collection of Triticum sp. from GRU/ICARDA was included in the
screening. Other germplasm screened came from collaborative programs
with Syria, Algeria, Tunisia and ACSAD: European Ieaf Rust
Nursery/Yugoslavia; CIMMYT Mexico; and USDA-ARS.

The highest percentage (70%) of durum germplasm screened was
resistant to yellow rust (Table 86). Also high, 49%, was the number of
durum lines showing resistance to stem rust. However, this is based on
information obtained from one site and needs verification. For septoria
21% of the screened lines showed resistance. Iow percentages of
resistant lines were observed for powdery mildew, common bunt, and leaf
rust: 8%, 8%, and 12%, respectively. More enphasis should be put on up-
grading resistance level for these diseases in durum germplasm.

Sixty four percent of bread wheat germplasm screened was resistant
to stem rust and powdery mildew (Table 87). Also relatively high was
the number of lines resistant to leaf rust ard yellow rust. Only 9% of
the lines tested were resistant to common bunt ard this comes mainly
fram the Repeat Testing Bunt (RIB) Nursery (39%).
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The number of lines selected for special parpose disease rnurseries
was low (135) in the durum germplasm and reasonable good (236) in bread
wheat germplasm. Selection of these lines i:. based not only on the
primary disease but also on their performance to other non-targeted
diseases.

Table 86. Screening of durum wheat germplasm for resistance to yellow
rust (YR), leaf rust (IR), stem rust (SR), septoria tritici
blotch (ST), powdery mildew (PM) and cammon bunt (CB); 1987-
88 season.

No. of Entries
Germplasm Tested Resistant Select.
YR IR SR ST M CB

Aleppo C.B. 189 140 0o - 10 - 3 0
APCB (74) (@ - (B - (2 (0)
Crossing Block 219 96 - - - - 26 7
DCB~HAA (44) - - - - (12) (3)
Observation Nursery 143 105 - - - - 18 15
DON-HAA (73) - - - - (13) (11)
Preliminary Disease 114 93 4 - n* - - 2
Nursery PIN (82) (4) - 27) - - (2)
Key Loc. Disease 160 133*  39* - 43* 13 10 35
Nursery KIDN (83) (24) =~ (27) (8) (6) (22)
Yellow Rust Nursery 81 60 - - - - - 60
DYR (74) - - - - - (74)
Leaf Rust Nursery 45 38 14 - - - - 11
DIR (84) (31) -~ - - - (24)
Septoria Nursery 45 32 9 22 5% - - 5
DST (71) (20) (49) (56) - - (11)
Total tested 966 553 45 508 160 710 Sel.
Entries Total resistant 697 66 22 109 13 57 135
% resistant 70 12 49 21 8 8

Resistant: 0-10MR severity and reaction type for rusts;
0-6 score, on 0 -9 scale for septoria and powdery mildew;
0-15% infected heads for common bunt.
( ) = % resistant lines; chezks excluded
* : Based on data obtained from multilocation testing.
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Table 87. Screening of bread wheat gemmplasm for resistance to yellow
rust (YR), leaf rust (IR), stem rust (SR), septoria tritici
blotch (ST), powdery mildew (PM), and cammon bunt (CB) ;
1987-88 season.

No. of Entries
Germplasm Tested Resistant Sel.

Aleppo C. B. 199 80 129 - 27 - 4 17
APCB (40) (65) - (14) - (2) (8)
Crossing Block 256 138 - - - - 49 16
WCB-HAA (54) - - - - (19) (6)
Observation Nursery 142 75 - - - - 29 7
WON-HAA (53) - - - - (20) (5)
Observation Nursery 113 45 - - - - 0 0
WON-IR (40) - - - - (0) (0)
Observation Nursery 134 50 - - - - 4 4
WON-MR (37) - - - - (3) (3)
Regional Yield Trial 20 7 - - 14 - 2 8
RYT-IR (35) - - (70) - (10)  (40)
Regional Yield Trial 20 8 - - 15 - 1 7
RYT-MR (40) - - (18} - (5) (35)
Preliminary Disease 309 99 196 - 25 - - 25
PN (32) (63) - (8 - - (8)
Key ILocation Dise. 198 53 77 - 78 130 4 43
Nursery KILDN (27) (39) - (39) (66) (2) (22)
Yellow Rust Nursery 90 58 - - - - - 58
WYR (64) - - - - - (64)
Leaf Rust Nursery 45 35 42 - - - - 32
WLR (78) (93) - - - - (71)
Septoria Nursery 45 38 28 29 28% 25 - 12
WST (84) (62) (64) (62) (56) -  (27)
Repeat Testing Bunt 29 23 - - - - 9* 7
RTB (79) - - - - (39) (29)
Total tested 1600 796 45 791 243 1111  Sel.
Entries Total resistant 709 472 29 187 155 102 236
% resistant 44 59 64 24 64 9

Resistant : 0-10 MR severity ard reaction type for rusts;
0- 6 score, on 0-9 scale for septoria and powdery mildew;
0-15 % infected heads for cammon bunt.
( ) = % resistant lines; checks excluded
* : Based on data obtained fram multilocation testing.
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Variability of wild relative, Triticam turgidum var. dicooooides for
major wheat diseases

Collection, characterization and utilization of wild
progenitors/relatives of wheat is an important research component in
the program. Knowledge on the resistance/susceptibility of these
species is of great importance to collector and user. Screening T.
dicoccoides for major wheat diseases started in 1986/87 (Cerea
Improvement Program; Ann. Report. Page 132, 1987). This season, 200
accessions were screened in the Center’s regular disease sites (Table
88). They originated from Jordan (78), Turkey (54), Syria (53) and USDA
(15) . Pesults show the great variability of these accessions for common
bunt, septoria blotch, yellow rust and leaf rust. Out of the 200
accessions tested, 62, 129, 77, and 32 show 1 resistance to common
bunt, septoria, yellow rust and leaf rust, respectively. Combined
resistance to septoria and yellow rust was shown in 67 accessions; to
septoria blotch and yellow rust and leaf rust in 22 accessions.
Cambined resistance to all rour diseases was fourd in 8 accessions.
Lines with combined resistance to three and four diseases will be
retested the next season.

Table 88. Variability in Triticum dicoccoides for cammon bunt Tilletia
foetida and T. caries), septoria tritici blotch
(Mycosphaerella graminicola), vyellow rust (Puccinia
striiformis), and leaf rust (P. recondita); season 1987/88.

No. Accessions *

Disease™*
S MS MR R

Cammon bunt 81 21 36 62

Septoria blotch 40 16 15 129]—
67

Yellow rust 94 18 11 77 22 8
22 1

Leaf rust 151 4 13 32

S = susceptible : rusts > 15% severity:; septoria > 6;
cammon bunt > 15% infected heads.

R = resistant: rusts 0-5% severity; septoria 0-3;
camoen bunt 0-5% infected heads.

*  Total no. accessions tested: 200 (JOR 78, TUR 54, SYR 53,
USLA 15)

** Screening sites:
Cammon bunt and yellow rust in T. Hadya (art. inoculation);
Septoria in lattakia (art. inoculation)
leaf rust in lattakia (nat. infection)
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The number of resistant lines according to country of origin is
given in Table (89). Excluding the groap from USDA, we found the
highest percentage (50%) of resistant accessions to common bunt in the
Turkish group. The highest percentage of resistant accessions for
septoria (77.4%), yellow rust (90.6%) and leaf rust (30.2%) was found
in the dicocccides group fram Syria. These findings should be
considered in any future collecting expeditions to locate areas of wild
relatives and progenitors with genetic variability for wheat disease
reaction.

Table 89. Percentage of resistant* Triticum dicoccoides accessions to
four major wheat diseases.

No. and origin of tested accessions

Disease
Jordan Syria Turkey Usha Total
78 53 54 15 200
Caommon bunt 11.5 32.1 50.0 60.0 31.0
Septoria blotch 53.8 77.4 70.4 53.3 64.5
Yellow rust 7.7 90.6 37.4 20.0 38.5
Ieaf rust 11.5 30.2 11.1 6.7 16.0

* resistant: 0-5 % severity for rusts
0-3 score, on 0-9 scale, for septoria
0-5 % infected heads for common bunt

Partial infection in comon bunt

Common bunt of wheat, as a rule, affects all kernels in the spike.
However, some researchers attribute the loss factor as 0.77 or 0.9 of
disease inciderce. This indicates that not all kernels in one spike are
always affected.

In our investigation of the preblem, 144 naturally infected bunted
spikes collected from different countries of the WANA region and 244
bunted spikes from artificial inoculation collected from the Common
Bunt Nursery (I) at T. Hadya, season 1987/88 were used (Table 90).
Bunted spikes in both collections are from dunmm and bread wheas.
Results show that not all bunted spikes have all kermels affected by
the disease, whether they originate fram natural infection or
artificial infection. Oout of the 144 naturally infected spikes, 102
spikes (70.8%) were campletely affected. The remaining 42 spikes
(29.2%) exhibited different degrees of infection ranging fram 12.1% to
98.4% kernels/spike. In the bunted spike collection originating fram
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artificial inoculation only 123 spikes (50.4%) out of the 244 studied
exhibited complete infection. The remaining 121 spikes (49.6%) showed
different degree of infection ranging from 2 tc 98.2% infected
kermels/spike.

These findings have not been yet studied. Whether this phencmenon
is a kind of partial resistance for common bunt or simply an
envirommental influence is not clear and needs further investigation.
It is, however, of great importance for the epidemiology and control of
the pathogen. Experimental trials are planned for the season 1988/89.

Table 90. Percentage affected kernels/wheat spike by comon bunt
(Tilletia foetida and T. caries) in 144 naturally and in 244
artificially infected bunted spikes.

% affected kernels/spike

Category <40 40-59 60-79 80-99 100 Total

Natural infection *

Range 12.1-35.9 46.5-55 62.5-76.4 82.6-98.4 - -
Mean 24.1 50.8 69.8 88.2 100 92.5
No. 4 2 14 22 102 , 144
spike

% Spike 2.8 1.4 9.7 15.3 70.8 100

Artificial infection **

Range 2-39.3 40-57.1 61.1-78.3 79.4-98.2 - -
Mean 18.7 50.5 71.5 91.1 100 82.1
No. 20 13 29 59 123 244
% Spike 8.2 5.3 11.9 24.2 50.4 100

* = 144 Collected from Syria (65), Jordan (27), Turkey (20), Lebanon
(9), Tunisia (8), Iran (7), Pakistan (6) and
Morocco (2)

*% = 244 Collected from Common Bunt Nursery I. at T. Hadya, 1987/88
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Table 91. The effect of yellow rust (Puccinia striiformis) on grain
yield and yield components of different wheat cultivars (Tel

Hadya, Syria 1988).

Cultivar Treatment YR Yield No. No. Seeds  1000KW
Score/ACI  kg/ha tiller /spike (9)
/m2
Haurani Inf 33MR 17.3 3166 347 38 45.3
Cont 5R 1.0 3632 350 35 39.3
Iahn Inf 2R 0.5 5780 297 43 53.7
Cont 1R 0.2 5220 307 41 51.4
Belikh 2 Inf 15MR 4.0 4827 327 37 44.4
Cont 1R 0.2 5440 383 45 41.5
Hazar Inf 4MR 1.1 5417 390 38 44.4
Cont 4R 0.7 4808 370 35 44.4
Om Rabi 9 Inf 8MR 3.3 4771 397 38 39.4
Cont 2R 0.5 5072 410 37 43.0
Douma 6102 Inf 8MS 5.3 5771 370 43 42.4
Cont 4R 0.7 5516 350 45 42.4
Douma 6065 Inf 5MS 2.3 5014 343 40 45.6
Cont 5R 2.0 5525 393 39 45.1
Mexipak Inf 738 69.0 3574 353 40 32.1
Cont 10R 2.0 5048 440 44 34.1
Nesser Inf 655 65.0 4425 463 37 30.9
Cont 2R 0.5 5477 557 35 31.2
Douma 6914 Inf 52MS 34.3 5705 390 40 37.2
Cont 4R 0.7 5607 450 42 37.2
ISD (0.05) between treatments 913 103n.s 6.9n.s  7.9n.s
for the same cultivars
Figures = mean of 3 rep., each 6.3 m2; harvested 3.6 m®

Experimental design = split plot (treatments as main plot factor)
Infected = artificial inoculation applied once
Controlled = Bayfidan BC 250 (Triadimenol) 2 L/ha applied twice



Crop-loss assessment

A trial to assess crop-loss induced by yellow rust of wheat was
conducted in the 1987/88 season for the first time at Tel Hadya, Syria.
Ten promising lines of wheat, 7 durum and 3 bread wheat, were tested
using a chemical treatment (Bayfidan EC 250, ’I‘rladimenol 2 L/ha) to
keep control plots free of the disease (’I‘able 91). The objectlve of
this trial was to determine the actual losses in each cultivar, since
vield in wheat cultivars is affected differently even at the same level
of yellow rust infection.

Analysis of variance revealed significant cultivar effects on all
traits and significant treatment effects (infected vers controlled) and
cultivar x treatment interaction on grain yield only. The susceptible
cultivar Mexipak suffered 29% loss in grain yield due to the dlsease
This yield decrease may be the result of reduced number of tlllers/m
(21%), seed/spike (9%) and kermel weight (6%) though decreases were not
statistically significant. Nesser, also a susceptible cultivar,
suffered a 19% loss from a lower degree of infection. Haurani, Belikh,
Duma 6102, and Douma 6914, seemed to tolerate the disease dlfferently
as md_lcated by their Average Coefficient of Infection (ACI) of 17.3,
4.0, 5.3 and 34.3, respectively. The remaining cultivars, Lahn, Hazar,
Om Rabi, Douma 6056 were found to be resistant with ACI<4.

Although results are preliminary, they clearly indicate that
yellow rust can drastically affect yield in susceptible cultivars.

. Mamluk



3.2.2. Barley pathology
Oocperation in the region

Collaboration with National Agricultural Research Systems (NARSs)
can substantially aid studies on disease resistance as virulence genes
of pathogens may change frum one region to the other. A number of
joint projects with pathologists in the region are established; ranging
from an interchange of nurseries for field sCreening to the
identification of differences in virulence between pathogen strains in
different countries, and training. In this year’s report two research
activities are highlighted.

Field screening of breeding material

The testing of ICARDA’s nurseries in ‘hot spots’/ for different
diseases in and outside the region is the most established of the
collaborative activities and has helped the breeding program through

this report. In return, ICARDA, on request of National Programs,
screens their material for resistance in the disease nurseries at Tel
Hadya. Table 92 summarizes tests of 237 1lines from 5 different
countries for 3 diseases during 1987-88 season.

Table 92. Level of resistance to 3 diseases of material from 5 barley
improvement programs in different countries?®

Scald Pow. Mild. Cov. smut
Country R MR S R MR s R MR sP)  total
SyriaC) 29 72 0 - - - 8 18 1 192
Ethiopia 50 50 0 23 69 8 18 139 43 28
Algeria 29 43 28 43 43 14 0 86 14 7
Turkey 33 60 7 22 52 26 27 45 o8 180
Morocco 14 57 29 57 43 0 71 29 0o 7
USSR 13 47 40 53 20 27 73 20 7 14

a) pata are percentages of the total number of lines in each of three
categories.

b) g = <5%, MR = 5-25%, S = >25% diseased leaf area (scald and powdery
mildew) or affected plants (covered smit) .

©) syrian material was sowed two weeks later, resulting in a lower
scald and little powdery mildew development.




Screening for resistarce to Barley Leaf Stripe

Barley leaf stripe (caused by Pyrencphora dgraminea) is a seed-
borne disease requiring special efforts in resistance screening. In
last year’s report we described a seedling test enabling testing lines
in the greenhouse or growth chamber. As the enviromment plays a large
role, not only on the infection by the pathogen during seed formation,
but as well on the expression of the disease in the plant during the
following season, seedling tests alone are not sufficient to classify
lines as susceptible or resistant. Presently we are collaborating with
the Ecole Nationale d/Aqgriculture in Meknes (Dr M. Beoulif), while the
University of Aleppo (Dr A. el Ahmed) is involved in screening at Tel
Hadya. In both lccations the same set of advanced breeding lines was
planted after artificial inoculation with local strains of the
pathogen. Data from both locations were cbtained on a total of 145
lines. 1In Tel Hadya the average percentage of stripe affected plants
was 67%, in Meknes the average was 48%. A highly significant
correlation (r=0.30) was found between results obtained in Syria and
those in Morocco. 1In Table 93 lines are listed that showed a low level
of disease in both locations. In addition results from a seedling
test, carried out with the same mono-spore isolate used in the field
screening at Tel Hadya, are given.

Table 93. Lines showing a low level of disease after artificial seed
inoculation by barley leaf stripe in field testing in Tel
Hadya, Syria and Meknes, Morocco.?)

Field testing SeedlingP)
Name Tel Hadya Meknes test
WI 2269 0 0 20
Moroc 9-75 0 0 23
Porthos (B) 0 0 60
Harmal 0 2 100
Kantara 0 2 100
Harmal-02 0 4 45
Alger/Ceres,362~1-1 0 6 0
Quin 0 € 90

4} Data are percentages of barley leaf <*rine affected plants.
P) Seedling test carried out in plant grus .1 chamber, Tel Hadya.

Although there was a significant correlation between the results of the
field tests both in Tel Hadya and Meknes and the seedling test (r=0.30
and 0.14, resp.), some lines showed a far higher susceptibility in the
seedling test than in the field. An explanation for this could be that
in certain early varieties, like Harmal and Kantara, the mycel ium
growth in the plant is slower than the development of the growing
point. Seed of low and moderately stripe affected lines has been
harvested ard will be sown during the coming season to check the
natural infestation of this pathogen.
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Screening for scald resistance

The two most important leaf diseases of barle’ are probably scald,
caused by the fungus Rhynchosporium secalis, and } ' wdery mildew. 'The
first disease has a slightly lower optimm temperature than the secnrvi
and is therefore of greater importance in regions with a continental
climate like the barley growing areas of West Asia and those in the
higher altitudes. Together with the Helminthosporium leaf blotches,
scald is as well the predominant pathogen of the tropical highlands in
East Africa. Powdery mildew becomes more important in the regions with
milder winters like North Africa. Although both diseases are favoured
by a high humidity, high disease levels can frequently be recorded in
the dry areas. The development of scalrl deperds strongly on manag: ment
practices, earlier sowing and fertilizer application favouring the
disease. Intensification of the cultivation of barley will also result
in more scald as the pathogen survives on the stubble of the previous
year’s crop.

Resistance breeding is the most feasible way of controlling the
disease. All newly developed material and all lines used in ICARDA’s
crossing progrem pass through the scald screening nurseries at the base
program. Through the years we have improved our screening methods. The
presently used methodology allows a reliable estimation of the level of
resistance to the local Syrian pathogen strains we use to inoculate our
screening nurseries.

Although numerous sources for resistance are available, progress
in resistance breeding is hampered by the notorious variability of
Rhynichosporium secalis. Before being used in crosses, potential
parental material must be tested against as many different scald
strains as possible. One way of doing so is by sending material to
different countries, to be tested in locations where heavy development
of the disease occurs naturally. However, disease development in the
field can vary strongly between years. The envirorment as well has a
strong influence cn the expression of the disease, while the occurrence
of other, non-taruet, diseases can mask the presence of resistance. To
overcome these ocomplications a seedling screening technique was
developed that shows a reasonable affinity with the performance under
natural epidemics of scald (see last year’s report). The technique was
further improved during the past year and is capable not only of
detecting high levels of resistance, but can as well differentiate
between moderate levels of resistance. As the testing is done in
growth chambers, and plants are destroyed by autoclaving after readings
are taken, foreign isolates can be included in these tests. Table 94
shows the results of a comparison of eight scald strains, four isolated
from cultivars grown in the disease murseries at Tel Hadya, four
isolated from the same cultivars in a disease nursery at Beja, Tunisia.
Two of the cultivars were rated as highly resistant in Syria, one as
moderately resistant and one as susceptible. The strains were tested
against the same cultivars from which they were isolated and on four
more lines with a different level of resistance.
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The results clearly show the danger of selecting genotypes in a
single location; the cultivars ‘Atlas 46/, 'Gaines/Oregano’ and
‘Alger/Ceres’ (the last one being of Tunisian origin) are highly
resistant to Syrian strains but susceptible to the Tunisian strains.
Interesting is the performance of the two Syrian landrace-lines
Tadmor’ and ‘Arta’: both lines are moderately-resistant in Syria, and
showed the same resistance to the Tunisian isclates. Also the
moderately susceptible Jordanian cultivar ‘Deir Alla ile’ showed little
variation in its performance. ‘WI2291 and ’JIB 6-35’ (a Jordanian
landrace-line) were highly susceptible to all scald strains tested.
Differences among pathogen strains within a location exist, but a
specialization on specific cultivars could not be shown within the
material tested.

Table 94. Response of eight cultivars to eight mono-spore isolates?)
originating from four different cultivars, grown in Tel
Hadya, Syria and Beja, Tunisia.

Isolate origin: Country / Cultivar

Syria Tunisia
Cultivar Gn/Or As46 D106 WI.. Gn/Or As46 D106 WI.. Mean
Gaines/Ore 0aP) 0a 0a 0a 100f 100f 33bc 95f  41EC)
Atlas 46 ca 5a 10a O0a 100f 100f 55cd 5504  41B
Deir Alla 106 55cd 35c 36c 55cd 50cd 80ef 69de 6lde  55C
WI 2291 100f 95f 85ef 95f 90f 90f OSf 100f 94D
Tadmor 20a 0a Sa 3%c 6a 16a 2lab Oa  13A
Arta 15a 20ac 18ac 24b 5a 18a 20ab 15a  17A
Alger/Ceres 52 6a 5a 0a 85f 95f 100f 85f  48BC
JIB 6-35 100f 90ef 73e 92ef 100f 100f 100f 100f 94D

Isolate mean 3729) 31A  20A  38A 67BC 75C 62B 64B

LSD values (p=0.05): between isolates; 9.5
between cultivars; 8.0
between cultivars for a given isolate; 22.6
between isolates for a given cultivar; 23.2

a) Percentage of scald affected plants 19 days after inoculation by
single drop of 10° sp/ml per plant, data are means of 4 replicates,
each replicate having 5 plants.

b) Means followed by the same letter in each row and each colum are
not significantly different (1SD test, p=n.05).

©) cultivar means followed by the same capital letter are not
significantly different (LSD test, p=0.05).

d) Isolate means followed by the same capital letter are not
significantly different (LSD test, p=0.05).
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The same type of test, using the most virulent of the Syrian amd
Tunisian isolates was used for screening breeding material under
advanced yield testing and being considered for inclusion in the
internatior... nurseries of the coming season. A number of lines were
identified with adequate resistance to both strains.

Crop lass studies

Our research in past years has focused on the development of fast
and reliable methods to quantify differences between cultivars in
disease resistance. Differences in resistance will lead to differences
in severity of disease under farming conditions and, depending on the
timing of pathogen development and on the conditions of the host plant,
to differences in production. Rarely does newly developed germplasm
have camplete resistance to all the pathogens that can affect the
plant. The decision to recomend a new line for release must therefore
not only be based on the expected gain in production, but as well on
the vulrerability of the genotype to losses caused by pests ad
diseases. Special concern is justified when resistance screening has
shown that the new line is more susceptible to a disease as the
cultivar it is expected to replace.

During the past season we studied the effect of scald on yield and
yield camponents of ten cultivars grown in ICARDA’s main station at Tel
Hadya. Six of these lines were advanced breeding lines while the
remaining were landrace-lines, all selected for their different
reaction to this disease. The experiment was planted in a split~plot
design with two main treatments (inoculation versus fungicide~-spray),
cultivars in sub-plots and three replications. Each subplot colsisted
of 6 rows of 3.5 m. An inoculation was carried out twice with local
scald strains, multiplied on artificial media. After the inoculations
the plots were covered by plastic to ensure adequate moisture for speore
penetration. The non-inoculated plots were twice sprayed with
Bayfidan, a fungicide highly effective against both scald and powdery
mildew. The percentage of disease-affected leaf tissue was estimated
about two weeks before harvest. To avoid border effects 0.25 m was cut
fram the side of the plots before harvesting the four center rows.

T™wo yield parameters were measured: grain weight and thousand
kernel weight (Table 95). A significant yield reduction was found for
four varieties; three susceptible cultivars; ’‘SIB 37-74’, 'WI2291’ ard
‘Faiz’, and one moderate susceptible line ‘SLB 39-60’. The yield of
the susceptible cultivar Harmal was not affected by the disease. Also
the moderately susceptible cultivar ‘Deir Alla 106’ did not show a
significant yield reduction. The 20% vield reduction caused by heavy
powdery mildew development on the two landrace-lines ‘Tadmor’ and ’SIB
56-79’ was not significant in this experiment. However, a single spray
of the systemic fungicide Bayleton in late February on large seed
increase plots of ‘Tadmor’(2 plots of 500 m? each), resulted in a
highly significant yield gain of the same magnitude as in the
experiment (183.5 vs 153 kg/plot).



The disease levels measured in this experiment were camparable to
those: observed in non-inoculated plots of scald susceptible cultivars
in yield trials in ICARDA’s experimental stations and in the Farmers’
Field Verification Trials. However, these levels are rarely found in
cammercial fields sown with local cultivars. Studies on the resistance
structure of local Syrian germplasm (see as well this reports’ previous
section) have shown that scald resistant genotypes occur with a high
frequency within landrace populations. Moreover, the high degree of
heterogeneity within the landraces will have a positive effect on
slowing down disease epidemics and might act against the develomment of
highly virulent strains. Replacement of these hetercgeneous mixtures
by pure lines without adequate resistance, either ’improved’ breeding
material or selections from landraces might result in substantial
losses due to scald and other pathogens.

Table 95. Comparison of 10 cultivars between disease-free plots and
plots affected by scald and/or powdery mildew.

% Yield 1000 kernel weight
cultivar scald - + % - + % a
Lignee 131 0 51 47 92 45 45 100
Tadmor ob) 42 35 83 37 32 86C)
SLB 56-79 ob) 39 31 79 36 33 92
Rihane-03 16 49 56 114 44 46 105
SIB 39-60 43 49 36 73€) 48 40 83¢)
Deir Alla 106 52 45 39 87 39 36 92
Harmal 75 45 47 104 47 43 91
SILB 37-74 77 42 30 71°) 48 40 83c)
WI2291 78 54 36 67) 41 38 93
Faiz 80 60 45 75€) 46 41 89c)
ISD (5%)
between treat. for a given cult. 10.1 4.3
between cult. for a given treat. 9.0 4.4

a) Percentage scald: Percentage leaf area affected by scald averaged

over the tree inoculated plots.

Yield: x 100kg/ha.

1000 kernel weight: grams.

-: sprayed with fungicide, not inoculated.

+: inoculated with scald, not sprayed with fungicide.
%: percentage of sprayed as compared to inoculated.

b) The cultivars Tadmor and SLB 56-79 showed an average of resp. 60%
and 67% leaf area affected by powdery mildew in the plots not
sprayed with fungicide.

C) cultivars with significant difference between the two treatments.
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Itisplannaitoextenicurstmliesoncmploss&sduringthe
caming season. Our abjectives will be not only to test differences in
genotypes in their response to diseases, but as well to qain a better
understanding of the influence of changing agronamic practices and
abiotic stresses on losses caused by diseases. Similar experiments
will therefore be planted in two sites, one with a favorable
erwiromentarﬂonewheredru@tstr&esisexpectedtooowr, using
two different sowing dates.

Root rot studies

Dry-land root rot can be caused by both Cochliobolus sativus and
by Fusarium sp.. Both fungi are supposed to be ‘weak’ pathogens,
having little competition power and little infection-power in normal
conditions. However, the disease can be severe in dry areas, most
probably because of decreased activity of other micro-flora in the soil
and because of the poor conditicn of the host plant. The pathogens
attack all root parts, but the most conspicucus is the discoloration of
the sub-crown interncde. 1In serious cases this part of the plant can
be severely damaged, resulting in a decrease of the water flow from the
seminal roots to the plant. Deep sowing, a practice recammended for
the drier zones, favors the infection of the sub-crown internode by
these fungi.

In order to study the importance of root rots in different
enviromments and to develop rapid varietal screening techniques it is
useful to have varieties with contrasting levels of resistance and
adapted to the envirorment in which our experiments are conducted. As
we did not have information about differences in resistance to root
rots within ICARDA’S barley germplasm pool so far, a field survey of a
selected number of lines from the breeding project was undertaken. Two
sets each of 25 lines of the Advanced Yield Trial were chcsen. One
consisted of lines selected for their earliness and in the second a
number of landrace lines were present. Both sets were grown in the
experimental station at Breda, Syria, where previous sampling had shown
a relatively high occurrence of root rots. Each set of 25 entries (20
entries under testing and five check varieties) was planted in a
lattice design with two replications. Each plot consisted of 6 six
rows of 5 m long, seeded by Oyjord experimental planter with a row
distance of 30 am and a seed-rate of 120 kg/ha. The land on which the
experiments were grown was kept fallow during the 1986/87 season, and
received a fertilizer application of 20 kg N and 40 kg P05 before the
seeding in November 1987.

On May 5, when most lines were in DC 87-91 the two border rows in
each plot were uprooted and a minimm of 50 plants with a sub-crown
internode of at least 1 am were taken. The sub-crown internode was cut
off by scissors, taken to th laboratory and scored on the extent of
its discoloration according o the scale used by Grey and Mathre:
(1988),, 0 = no discoloration, 1 = pinpoint lesions, 2 = extended linear
lesions; 4 = more than 50% of the sub crown intermcde discolored.
Analysis of the results showed a siynificant difference among entries
for both sets. The most susceptible lines rated 8-9 times as high as
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the least affected, a difference in rating which is far larger than
reported in similar studies in North America. Isolations from the sub-
crown internodes, made by Mr W. Grey (Montana State University), showed
Cochliobolus sativus to be predaminant and Fusarium sp. to be far less

frequent.

Table 96. Mean ratings for root rot infection measured by discoloration
of the sub-crown interncde (0-4 scale) in un-inoculated field
plots and in inoculated growth chamber experiments.

Variety Growth chamber
Field Exp 1 Exp 2 Mean

Tadmor - 0.3 0.1 0.2a3)

Arizona 5908/Aths//Lignee 640 0.9 0.9 0.9 0.9ab
ICB81-0210-1AP-4AP-0AP

Arabi aswad 1.6 1.3 0.7 1.0ab

SLB 39-60 1.0 1.3 1.7 1.5abc

ER/Apm//Belle/Maf102 0.9 1.8 1.6 1.7bc
ICBB2-1367~-0SH-2AP-0AP

Sawsan/Lignee 527//Arar 2.9 2.7 0.7 1.7bc
ICE82-0076-1AP-3AP-0AP

Kervana/Mazurka - 3.1 1.3 2.2bc
ICB77-0369~-4AP-1AP-0AP

JIB 6-33 2.1 2.7 2.5 2.6C

MEAN 1.8 1.2 1.5

a) Mean rating averaged over two growth chamber experiments, means
followed by the same letter are not significantly different

(p=0.05).

As a large sample size is needed in field testing because of the
strong influence of the conditions of plant and soil on the development
of the disease, this type of testing is not suitable for screening a
large number of entries. We have tried to confirm the results obtained
in the field test by using a seedling test, carried cut under
controlled envirormental conditions. This test, developed by our
collaborators of Montana State University, was ncdified to give fast
results in a short time. Eight cultivars were selected for the
seedling test, 6 of which showed a contrasting performance in the field
survey, while 2 were selected from preliminary experiments. Although a
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large difference was noted between two successive seedling tests, a
distinction could be made between highly resistant and highly
susceptible lines (Table 26). The local Syrian cultivar for the drier
areas, ‘Arabi aswad’, is among the more resistant entries. It is
tempting to relate this resistance to the low incidence of root rot
fomnd in Syria. The lardrace-line ‘Tadmor’, a selection fram a black
seeded population has a very high resistance, while a mumber of
improved lines and the Jordanian landrace-line ‘JIB 6-38‘ gave a
susceptible reaction.

The differences in resistance found in ICARDA’s germplasm pool and
the changes in farming practices in West Asia, which are expected to
pramote the development of root rots, justifies an increase of research
efforts on these pathogens. A mmber of experiments are planned for
tlncaningseascntomeasummeimpactofrootmtonyieldin
different envirorments, as well as research on varietal differences in
resistance to root rot.

J.A.G. van leur
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3.3. Entomology
Introduction

The Cereal Program Entamology Project seeks to develop the
research capabilities of national program scientists in countries
falling within the ICARDA mandate, conduct research beyond the present
capabilities of the national programs, and train technicians,
scientists, and students in current entamological techniques and

theory. A summary of current projects is contained in Table 97.

Table 97. Cereal Program entamoloqy projects during 1027/88.

Project/Description

Wheat Stem Sawflies

1. Resistance screening-to identify
resistant germplasm for breeders.

2. Factors affecting sawfly resistance
in wheat (with Tischrin University)

3. Chemical analysis of WSS resistant
plants (with Canadian Grain Camission)
-to identify chemicals playing a role
in WSS resistance.

4. Field trials of resistant lines
-to field tesi materials from caged
screening trials.

Sum Pest

1. Resistance screening-to identify sources
of sunn pest resistance in wheat

Hessian fly

1. Resistance screening-to identify and
verify sources of HF resistance in wheat
and barley (with INRA/MIAC)

2. Biotype identification-to identify HF
biotypes in the region using the Uniform
Hessian Fly Nursery (with INRA/MIAC)

1. Resistance screening-to identify and verify
sources of resistance in wheat and barley
(with natioral programs of Egypt, Sudan,
Ethiopia)

Ground Pearls (Porphyrophora tritici)

1. Biolcgical studies-to describe the life
cycle ecology of P. tritici (with FRMP)

2. Effects of crop rotation-to examine the
effects on P. tritici populatiors of using
a barley-vetch~fallcw rotation (with FRMP)

Iocation

Tel Hadya, SYRIA
Tel Hadya, SYRIA

Tel Hadya, SYRIA

SYRIA, MOROCCO

Azaz, SYRIA

MOROCCO

MOROCCO, ALGERIA,
TUNISIA, SYRIA,
TURKEY, LEBANON

EGYPT, SUDAN,
ETHIOPIA

Bouider, SYRIA

Bouider, SYRIA
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The development of networks between countries sharing cammon
insect pest problems constitutes the foundation for many of the
entamology project’s activities. Insects identified for work by each
subregional network constitute a major econamic threat to stable cereal
production in each of the countries involved. ICARDA seeks to
facilitate cooperative efforts between participating countries and to
provide international contacts as needed by the respective project to
insure the flow of new technologies from more advanced countries to
those less developed. The participating countries and ICARMA form a
partnarship dedicated to utilizing all econamically and technically
feasible pest management techniques in an integrated effort to reduce
pest depredations. This report will deal primarily with those insect
problems resecarched in 1987/88 at research stations in northern Syria
(sawflies, sunn pest, ground pearls), Egypt, Ethiopia, and Sudan
(aphids), and in North Africa (Hessian fly).

Wheat Stem Sawfly

Arout 270 lines each of barley, bread wheat, and durum wheat were
screened under cages at Tel Hadya in replicated trials. Identical
trials were planted in a sawfly Yhotspot" 7 km southeast of Tel Hadya.
Because of the unexpectedly high natural population of sawflies
throughout northern Syria in 1987/88 an additional 827 durum, 1185
bread wheat, and 1800 barley lines were evaluated for susceptibility to
WSS by the Cereal Program’s Pathology Unit. Similarly, the Durum
Germplasm Evaluation team rated another 3584 curum lines for WSS. While
none of the lines rated by the Pathology Unit proved resistant, 90
lines were recomended by the Durum Evaluation team for inclusion in
caged WSS screenings in 1988/89. Most of these lines evidenced same
degree of pith accumulation in the stem, suggesting the importance of
solid stems in imparting resistance to WSS in wheat. Barley, durum, arnd
bread wheat lines that performed well in screening trials in 1986/87
and 1987/88 are shown in Table 98. Because of the high 1987/88 wss
populations in uncaged areas, only those lines exhibiting less than 10%
infestation rates when data fram caged and uncaged trials were pooled
were selected. Arabi Aswad (barley), Mexipak (bread wheat), and Haurani
(durum wheat) checks were all highly infested and not included in Table
98. Regressions of percent WSS infeststion onto percent mean stem
solidness were significant for both durum and bread wheat, although
more variation in infestation was noted in plants with stem solidness
indices near 60%.

This trend was repeated in the study testing the effects of plant
spacing on WSS resistance and may indicated factors other than stem
solidness in durum wheat that play a role in WSS resistance. In this
study WSS infestation was significantly related to the distance between
plants rather than to the performance of the respective varieties in
previous resistance trials (Table 99).



Table 98. Promising barley, durum wheat, and bread wheat lines s-reened for wheat stem sawfly resistance

in 1986/87 and 1987/88.

% Infestation

Name Pedigree Soure No. 1987 1988

Barley

FB73-075 - BAB8B5 (14) 0.83 2.08

Durum Wheat

Gezira 17/Scaup ICD-HA81-1917~3AP-1AP-1AP-0AP DCB87 (37) 0.83 5.00

Bit/Creso CD34346-2TR-2AP-1AP-0AP DCB87 (11) 1.25 7.92
A63040/Sty//Lds/3/Win/4/Exp/Ruso CD35072~-C-5Y~1M-0Y DCB87 (123)
0.83 8.33

Can2101/Magh//Stk/3/Wlls 65150 CD15111~-35-2AP-2AP-3AP-0APDCB37 (19)
0.83 8.75

Bit/Creso CD34346-2Tk-2AP-1AP-0AP DCB87 (20) 0.83 9.58

D-2/Bit CD20796~4AP-6AP-2AP-0AP DAT87 (116) 1.66 9.58
21563/Jo//D.dwarfS15/Cr 10414-31~1AP-1AP-4AP-0AP DAT87 (608) 1.66 10.00

Bread wWheat

Fta/W71//Imiris MHB80A-276-1B-2Y-1B-1Y-1B-0Y WCB87 (72) 2.91 5.00
Fta/W71//Imiris MHB0A-276-1B~-2Y~1B—-2Y-2B-0Y WCB87 (71) 0.83 5.42

Rmn F12-71/Jup//S Q176 584—01H-1H-1S5-05 WOL86 (89) 4.58 7.08

Y50E/Kal*3//Rg’S’/Scty 3Sx/Wc/4/Hork
WCBS7 (159) 5.41
Rbs/Ti Resel SWM4781~2S~3AP-0AP-1AP-0AP

Gl1/Ti/3/Rvz//Kal/Bb/ QM54580-3AP-1AP-2AP-0AP
4/Kal/3/Cno/chr//On
Bol’S’/Pvn’S’ QM58696-5AP-2AP-1AP-1AP-0AP

CM39867-25-1AP-0AP-3AP-2AP-2AP-0AP
7.50

WCBS7  (43) 5.00 8.75

WCB87  (33) 3.75  8.75

WON87 (42) 2.91 10.00

€€l
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Table 99. Sawfly infestation rates of durum wheat and bread wheat
screened under natural infestations (N) and under cages (C)
at Tel Hadya during 1987/88.

Durum Wheat
Varie Plant Spacing
Wide spaced Closed spaced
Resistantl 2.3N 14.4 N
0.0 C 2.2 ¢C
Non Resistant? 2.4 N 38.8 N
0.6 C 34.4 C
Bread wheat
Varie Plant_ Spacing
Wide spaced Closed spaced
Resistant3 1.1 N 8.3 N
1.0 C 5.0 C
Non Resistant4 1.1 N 16.7 N
3.0C 17.2 C
1) Fta/W71//Imuris; CMH80A-276-1B-2Y-1B-2Y-2B~0Y; WCB87(78)
2) Mexipak
3) Po; 19539-D-1Y-1AP-0AP; DAT 87 (802)
4) Haurani

As shown in previous work (ICARDA Cereal Program Report-1986/87) ,
stem solidness also increased in plants spaced 40 cm apart and
decreased when spaced 3 cm apart (Table 100) . Similarly, 2Zadoks
development (Table 101) and plant height (Table 102) varied with plant
spacing, with wide spaced plants developing slower and not growing as
tall as close spaced plants. These results corroborate previous
conclusions that different sowing rates, which result in different
stand densities in the field, may negate the effect of solid stem
resistance to WSS. Further studies will be conducted to examine the
role of drought stress in affecting stem solidness, and to see if lines
with partial stem solidness are affected to the same degree as
campletely solid stem varieties.

A senior thesis project comducted by several students in
agriculture at the University of Aleppo, with ICARDA assistance,
revealed that wild grasses suwrrounding farmer’s cereal fields may
provide significant numbers of sawflies. They observed infestations of
22% in wild grasses in Idlib Province as campared to 30% in barley, 25%
in Mexipak wheat, and 14% in Hawrani wheat. This suggests that
sanitation of field borders may be important in an integrated
management. program for WSS. These students also collected Hymenoptera
emerging form stubble collected for the caged WSS screenings.
Identification by the British Museum of Natural History (Table 103).



Table 100. Mean stem solidness of durum wheat and bread wheat entries
screened under natural infestations (N) and under cages (C)
at Tel Hadya during 1987/88.

Durum Wheat
Varie Plant Spacing
Wide spaced Closed spaced
Resistantl 98.2 N 57.2 N
94.3 C 57.3 C
Variety -
Non Resistant? 85.1 N 46.5 N
87.2 C 45.2 C
Bread Wheat
Varie Plant Spacing
Wide spaced Closed spaced
Resistant3 97.2 N 76.5 N
84.6 C 66.5 C
Non Resistant? 96.9 N 66.8 N
97.8 C 55.7 C

1) Fta/W7//Imuris; CMHBOA-276-1B-2Y-1B-2Y-2B-0Y; WCB 87 (78);
2) Mexipak; 3) Po; 19539-D-1Y-1AP-0AP; DAT 87 (802); 4) Haurani

Table 101. Zadoks development of durum wheat and bread wheat screened
under natural infestations (N) and under cages (C) at Tel
Hadya during 1987/88. Julian dates of measurements given.

Durum Wheat
Plant Spacing
Varie Wide spaced Close spaced
JD114 JD145 JDlé0+  JD114 JD145 JD160+
Resistantl! 44N 71N 96N SON 73N 99N
47Cc 71C 99 ¢C 56C 75C 99¢C
Non Resistant? 46 N 72N 98 N 57N 79N 99N
45C T72C 99¢C 58C 75C 99C
Bread Wheat
Plant Spacing
Varie Wide spaced Closed spaced
JD114 JD145 JD16M+  JD114 JD145 JD160*
Resistant3 38N 72N 99N 69N 87N 99N
45Cc 73C 99¢C 67C 91C 99¢C
Non Resistantd 50 N 70N 99 N 58 N 82N 99N
45C 44C 99¢C 57C 87C 99¢C

1) Fta/W71//Imuris; CMHB0A-276-1B~2Y-1B-2Y-1B~2Y-2B-0Y; WCB 87 (78)
2) Mexipak; 3) Po; 19539-D-1Y~1AP-OAP; DAT 87(802); 4) Haurani
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Table 162. Plant height of durum wheat and bread wheat screened under
natural infestations (N) and under cages (C) at Tel Hadya

during 1987/88.
Durmum Wheat
Varie Plant Spacing
Wide spaced Closed spaced
Resistantl 83.4 N 92.6 N
92.2 C 96.4 C
Non Resistant?  84.4 N 125.0 N
112.6 C 132.5 C
Bread Wheat
Varie Plant Spacing
Wide spaced Clesed spaced
Resistant3 63.5 N 86.4 N
73.8 C 88.2 C
Non Resistant?  69.9 N 85.4 N
83.3 C 82.5 C

1) Fta/W71//Imuris; CMH8QA-276-1B~2Y-1B-2Y-2B-0Y; WCB 87(78)
2) Mexipak

3) Po: 19539-D-1Y-1AP-OAP; DAT 87(802)

4) Haurani

provides a more accurate picture of the sawfly species camposition of
northern Syria, and also indicates that naturally occurring WSS
parasites may play an important role in regulating WSS populations.

Counts of ichnuemonid and braconid parasites from collected
stubble indicate that Collyria spp. may parasitize 17% of WSS, while
Bracon terebella accounts for 5% parasitism. Counts of the sawflies
inserted into the cages in 1988 reveal that Cephus pygameus canprised
85% of the 9864 WSS used in the caged screenings, with Trachelus
judaicus providing 15%.

Sunmn Pest

Six hundred wheat lines were screened for sunn pest, Burygaster
integriceps (Scutelleridae), near Azaz in northern Syria. Lines
selected for retesting next season experienced less than 3% infestation
(Table 104). Little correlation was found between percent sunn pest
infestation and kernel damage ratings, the latter of which will no
longer be used to make selections. The check lines Mexipak and Haurani
had infestation rates of 15% and 8% respectively.
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Table 103. Hymenoptera from 1987 Tel Hadya collections identified by
British Museum of Natural History.

CEPHIDAE (Sawflies)
Cephus pygmaeus L.
Trachelus libanensis Andre
Trachelus Jjudaicus Konow
Trachelus spp.
Calamenta idolon Rossi

ICHNEUMONIDAE (Sawfly parasitoid)

Collyria coxator Villers
Collyria orientator Aubert

BRACONIDAE (Sawfly parasitoid)

Bracon terebella Wesmael

Aphids

As in past years, nurseries assembled at ICARDA were screened
against Schizaphis graminum and Rhopalosiphum padi in laboratory trials
in Egypt and in field trials in Sudan. Lines derived fram crosses
between camercial Egyptian varieties and Bushland/Amigo derivatives
showed S. graminum resistance in the laboratory but were heavily
infested by S. graminum in the third of three scoring periods in field
tests in Sudan late in the season. However, they had remained
relatively free of aphids during the previous two scoring episodes
earlier in the growing season, suggesting that they may indeed carry
resistance to Sudanese aphids but cannot cope with the extremely high
populations normally encountered near the end of Sudan’s winter cereal
season. The incorporation of these resistance genes into backgrourds
suitable for the unique conditions of the Sudan, may prove effective in
maintaining aphid populations at subeconomic levels if used i an
integrated management program with other pest control strategies.

Four lines of Hordeum vulgare spp. spontaneum (Hordeum spontaneum)
were found resistant to S. gramimum, and 2 different H. spontaneum
lines were resistant to R. padi. This is the first instance of any
barleys tested in the aphid screening program showing aphid resistance.
These results are being verified. Additionally, a collection of wild
barleys cbtained fram Sweden was increased at Tel Hadya and is
scheduled to be screened for aphid resistance in Egypt in 1988/89.

The Russian wheat aphid, Diuraphis noxia, reportedly caused 41% to
71% crop losses in high elevation barley in Ethiopia according to
results from small plot studies conducted by Ethiopian entomologists. A
number of ratural predators and a furgal disease of D. noxia have been
described. Lirkages are now being established between the Ethiopian
national program and ICARDA, and the Nile Valley aphid network to




Table 104. Promising bread wheat and durum wheat 1
E. integriceps at two sites in northern

ines screened under natural infestations of
Syria in 1987/88.

Name Pediqree Source No % INF 1 £ INF2 Gradel Grade 2
ahgaf WCBS (2) 1 3 1 2
Nkt’s’ M40454-33Y-4Y-1M-0Y WCB87 (11) 3 2 1 1
Ww33/Vee’Ss’ SWM11619-12AP-7AP-1AP-0AP WCB87 (18) 1 3 1 2
Prl’s’ M25988-8Y~3Y-2Y-1M-1Y-0B WCB87 (36) 1 3 2 1
Mtl’s’ QM47634-I-2M~-3Y-1M-2Y-1Y-2M-0Y WACS87 (68) 3 2 1 2
1158-57/4/Maya74’S’/ @140742-27M~1Y-2M-3Y-3M-1Y~0B  WCB37  (91) 2 3 2 2
Qgn/3/Cc/Inia/Cal
Pvn’S’/Pam’s’ M61832-1Y-2M-4Y-1M-0Y WAC87 (91) 1 3 2 1
Wa476/3/391// 56D-81-14--53/ SWM6525-1AP-0AP—1K~0AP WRT86 (21) 3 3 1 1
1015.6410/4/W22/5/Ana
F//68.44/Nzt/3/Cuc’S’ SWME637-2AP-0AP-3AP-1AP-3AP-0AP WOL86  (35) 1 1 1 2
Cham 1 Q117904-B-3M~1Y~-0SK-0AP DAB87 (161) 2 3 1 3
Sabil 1 ICD79-1437-25AP-1AP-0AP DCB87 (80) 3 3 2 1
Om Rabi 6 10589-31~1AP-2AP-1AP-0SH DAT87 {713) 2 3 2 2
Gallareta CD22344-A-8M-1Y-1M-1Y-2Y-1M-0Y DATS7 (923) 2 3 1 1
Ruff/Ru ICD80-1419-1AP-3AP-2AP-0AP-OJB DPT87 (1422) 3 1 1 1
Plc/Cr//Stk/3/Dar/, /Dack/ CD27748-B-2M-2Y-1Y-0Y DRL36 (10) 3 1 2 1
Kiwi
Om Rabi 5 10589-41~2AP-2AP-2AP-0AP DAT87 (207) 3 3 3 3
Gran CD40150-14B-1Y-2M-0Y~-14Y-0B DAT87 (922) 1 3 1 3
Haurani (Local Check) - DAT87 (101) 2 3 1 2
zincirli/4/Kkz/3/Nai60//  ICW-HAS1-1545-1AP-1AP-3AP-0AP  PWSNS7 (341) 3 3 1 1
Staring/2*Cm/S/Dove’S’
Rm F12-JI/Jup’s’ SWM765784* OR 8300226 PWSN87 (728) 3 3 2 1

8¢l
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expedite the screening of lines for resistance to D. noxia and the
development of other management strategles The training of Ethiopian
entomologists at the Giza aphid screem.ng laboratory and in biocontrol
techniques now being developed in Swdan will form a key component of
Ethiopia’s participation in the aphid subregional network.

Hessian fly

The Uniform Hessian Fly Nursery containing known genes for HF
resistance in wheat, was planted in western Syria and in the Bekaa
Valley of Lebanon (Terbol Station). Low populations of HF in these
ares, possibly related to the wet spring experienced throughout the
eastern Mediterranean region this year, precluded identifying HF
biotypes. This nursery will again be planted in 1988/89, with
additional sites in Turkey and Algeria to be included. A survey of HF
in Tunisia was jointly conducted by ICARDA, Moroccan, and Tunisian
scientists in May 1988. HF was observed on wheat and barley. Most
infestations on wheat ranged fram 0 to about 20% while barley
infestations were hlgher, rarnging fron 0 to 80%. A survey of HF in the
three Maghreb countries is scheduled for 1968/89 in conjunction with an
entamology training workshop to be held in Morocco.

. Miller
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3.4. Cereal Quality Evaluaticn

During the nine years of its existence the ICARDA’s cereal quality
laboratory has established a solid reputation throughout the region for
efficiency and flexibility of laboratory output.

A large number of barley as well as durum wheat genotypes now can
be easily evaluated for processing and nutritional quality. This
applies for early generations where several thousands of samples and a
few greams of seed are available. Developing a new method for
measurement protein strength of bread vheat is under investigation.
Preliminary work on this aspect showed the possibility of using near-
infrared technique. The cereal quality laboratory conducted over 46000
tests during 1987-88, which are summarized in Table 105.

Table 105. Number of tests carried out at ICARDA cereal quality
laboratory, 1987/88.

Project TKW® VKC PSI SDS YP FM FAR KSD DP PROT TOTAL
Barley 2638 - - -~ - - - 500910 2763 6811
Bread Wheat 1896 - 1080 -~ 1896 46 46 - - 1896 6860
Durum Wheat 1900 1500 - 672 1900 42 42 - - 1900 8356
Durum Germplasm 2546 2546 -~ ~ 2546 - - - - 2546 10184
High Elevation 1733 810 427 810 810 46 46 - - 1733 6415
FFVIP 544 222 161 - 222383383 - - 544 2479
Other 2444 180 - - - = - 60 - 2265 4949
Total 13711 5658 1668 1482 7374 517 517 560 910 13657 46054

a. TKW = Thousand kernel weight, VKC = Vitreocus kernel count,
PSI = Particle size index, SDS = Sodium Dodecyl Sulphate
sedimentation,
YP = Yellow pigment, FM = Flour milling, FAR = Farinograph,
KSD = Kernel size distribution, DP = Diastatic potential.

b. Farmer’s field verification trials.

C. Colour test carried out by visual evaluation of external seed coat
only.

Pramising Barley from Late Planting

Advanced barley yield trials were planted late (April 1988) at Tel
Hadya under rainfed conditions. Some of the lines with a high yield
potential in normal planting had a high protein content and a large
kerrel size under the stress comditions of late planting (Table 106).
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Grain quality data of the normal planting season at Tel Hadya show
that cereals this season were in general low in protein (6.2-10%) and
had large kernel size.

Table 106. Advanced barley lines with good grain quality, at late
planting 1987/88.

Entry No. Grain yield Protein TKW

(Normal planting) (%) (9)

kg/ha ——
NP p NP P

306 6849 8.2 14.9 46.8 38.0
204 6080 7.9 15.3 47.2 48.9
511 5976 9.3 17.1 46.6 43.9
702 5899 10.1 16.2 49.8 41.2
513 5828 9.2 16.6 48.1 44.1

Check: Rihane 03 5446 7.9 14.5 47.9 31.5

NP = normal planting; IP = late planting; TKW = 1000 kernel weight

Diastatic Power Test

Since the diastatic power test is essential for screening malting
barley, the efforts iIn cereal quality laboratory result in improving
the efficiency of test volume which increased to 50% during 1988.

Total of 192 advanced barley lines (BAT, BYT, Tel Hadya rainfed
1986-1987) were analyzed for diastatic potential. The data optained
showed low values (mean of 71 mg) perhaps because of drought during
that season.

Table 107. Bread wheat lines promoted for FFVT 1988-89.

Line ILow rainfall Irrigated

Nawras 11.3 4.5 31.0 10.3 7.0 33.9
Saker 10.5 6.8 37.4 11.0 5.6 42.6
Zarzour 11.0 7.7 40.4 11.1 4.3 45.4
Pbxipak 65 11.2 4.5 27.7 10.0 2.5 30.7
Chan 4 10.6 3.0 29.0 9.3 2.4 32.2

FST = Farinograph stability time (min).
TKW = Thousand kernel weight (q).
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New Bread Wheat Lines Pramoted far On-farm Trials 1988-89 in Syria

The main objective of the bread wheat improvement program at
ICARDA is to develop high yielding, stable varieties, with good
mutritional and processing quality. ¥n the grain quality work carried
ort at Tel Hadya, special consideration is paid to the following
quality parameters: protein content, protein strength, kernel hardness
and 1000 kernel weight.

During 1987/88, the bread wheat project identified and pramoted
three new lines for field verification yield trials in Syria. These
lines have high yield stability, disease resistance and good grain
quality. They also showed good adaptation across 48 locations in West
Asia and North Africa. The quality characteristics of these lines are
presented in Table 107. Three distinctc and desirable characteristics
are presented in these lines:

a) protein content ranged between 10.3-11.3% which is close to the
protein content dbtaired under { .rmers’ field corditions. The
quality data were ubtained from samples grown under low rainfed
and under irrigated comditions. This shcws that these lines have
quality stability. It is expected that they will maintain protein
level under fammers’ field corditions in years of variable
rainfall.

b)  these lines have excellent bread making potential (two-layered
flat bread). Thic character is given by the medium gluten strength
at protein level of 10.3-11.3 %.

€) grain quality of these lines is superior to the local and
improved checks grown in farmers’ fields in Syria.

Importance of Protein Strength Measurements for Durum Wheat Evaluation
a. Electrophoresis Studies

Breeders and quality specialists are looking for improved protein
cotent in new varieties to improve the nutritional and processing
quality of durum wheat grain. The 1986/87 season showed interesting
characteristics in same Qurum 1lines. In cambination with high
variability in protein strength (sodium dodecyl sulfate, or SDS
sedimentation range 13-54 ml) the new lines having high protein content
but pocr protein strength will be rejected as they are not acceptable
for the food industry.

37 crosses of high protein lines were analyzed for protein, SDS
sedimentation and Farinograph data: correlations between these tests
are summarized in Table 108. The results indicate the importance of
protein strength as measured by SDS sedimentation index in large scale
evaluation of durum wheat germplasm.

Preliminary work on several crosses involving T. diccocoides has
indicated that the presence of electrophoretic band No. 45, hailed as a
marker to high quality in durum wheat, may not be fully reliable. Same
genotypes with band 45 appear tc have inferior gluten strength, while
others without band 45 have been found satisfactory. The results are
sumarized in Table 109. This work is continuing.
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b. Influence of irrigation and high rainfall on durum wheat quality

The 1987 farmer’s field verification trials of advanced durum
selections yielded material with res_cnable to Jow protein content in
the irrigated and high rainfall zones, but in most cases poor gluten
strength, as indicated by the SDS sedimentation index. This was
verified by subsequent Farinograph tests (Table 110). SDS sedimentation
indices of 2.5 to 1.5 are designated fairly weak to weak, and were
borne out by Tlarinograph stability values of 3.0 to 0.6 ninutes,
designated as weak to very weak. Vitreous kernel counts varied from as
low as 2%, which indicated the material to be quite unsuitable for
semolina milling and bread baking.

The influence of non-stress moisture conditions on wheat strength
has been noted previously, and is believed to be due to differences in
the pattern of agglameration of protein, starch, and the oil and cell
wall components during the maturation stage of the grain.

These data indicate it is not good policy to grow durum wheat
under irrigation, or in areas where rainfall may be high, due to very
serious deterioration in milling and baking quality.

Wheat strength (including durum wheat) is a physico-chemical
parameter, and is believed to be affected by the pattern of hydration
of sites on protein, starch, oil (ester linkages) and cell-wall
camponents, to form a ccherent molecular camplex. The mechanism of the
apparent change in strength may be as follows: single molecules of
water produced by enzyme activity during the synthesis of protein,
starch and other constituents are available to form hydrogen bonds
between hydrophilic sites on the molecules as they are produced. Under
conditijons of luxury water availability some of these single water
molecules preferentially form aggregates with adjacent water molecules,
and are therefore not available for hydrogen bonding or hydrogen
bridging between the main grain constituents. As a result the overall
cellular matrix becames correspordingly weakened.

Table 108. Correlation coefficients between protein
content ard protein strength.

SDS SDST FST T
Protein -0.06 ns -0.23 ns -0.02 ns 0.14 ns
SDs 0.98 ** 0.90 *=* -0.92 **
SDSI 0.88 *=* -0.92 **
FST -0.88 *=*
N = 37;Protein range 15.2-19.4;SDS range = 13-54ml;
SDS = Sodium Dodecyl Sulphate sedimentation volume;

SDSI = SDS index;FST=Farinograph stakility time (min);
Farinograph mixing tolerance (Brabender units)
ns = Not significant, **=Significant at level P<0.01

3
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Table 109. Quality of tetraploid genotypes with and without
electrophoresis band No. Rm 45.

Line No. Protein % with SDST Classification3-
% Rm 45
55 11.3 0 3.00 Strong
170 18.9 25 2.49 Fairly weak
70 18.7 100 1.76 Weak
75 14.0 100 2.07 Fairly weak
62 22.4 100 1.01 Very Weak

Note: a. Classification on basis of dough strength characteristics.

Table 110. Quality characteristics of durum wheat genotypes from
irrigated and high rainfall areas.

Location Variety/ Protein VKC3:  SDS Farinograph Class

genotype % % IndexP:  stabili
(mimutes)®-

Deir Ezzor Gezira 17 12.7 99 2.52 2.1 Weak
Ragga Gezira 17 14.6 96 2.33 2.3 Weak
El Ghab Gezira 17 7.8 2 1.79 1.0 Weak
Idleb Gezira 17 9.9 47 1.41 1.2 Very weak
Deir Ezzor Cham I 11.4 69 1.32 1.3 Very weak
Ragga Cham I 15.0 99 1.33 2.2 Very weak
El Ghab Chan I 9.6 3 1.40 1.4 Very weak
Idleb Cham I 10.2 64 1.18 1.5 Very weak
Deir Ezzor Douma H326 10.5 56 2.00 1.6 Very weak
Ragga Douma H326 12.9 88 2.02 1.8 Very weak
El Ghab Douma H326 8.4 3 1.67 1.1 Very weak
Idleb Doumz H326 10.8 63 1.57 1.0 Very weak
Tel Hadya Haurani 12.8 82 2.89 4.2 Fairly

strong

Notes: a. VKC: Vitreous Kernel Count, SDS = Sodium Dodecyl Sulphate
b. Farinograph stability of 4-7 optimum for 2-layer flat bread
barking. SDS index should be as high as possible and
certainly above 3.0.

F. Jaby El-Haramein, A. Sayegh and P.C. Williams
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3.5. Applied Biotechnology
Introduction

Three aspects of in vitro techniques for use in crop improvement
are considered here. These are maintenance, creation,and recambination
of genetic resources. Plant tissues can be maintained and propagated as
dedifferentiated calli which regenerate to whole plants through
organogenesis or embryogenesis. In particular, plant regeneration from
gametes results in the production of haploids with no genetic
alternation. However, a great deal of sacmaclonal ard gametoclonal
variation is generated during the callus phase. The creation of
genotypes not found in existing genetic resources is expected in in
vitro selection to biotic or abiotic stresses. Wide cross hybridization
may be attempoted to recombine genetic variations. When interspecific or
intergeneric hybrids do not form endosperms, hybrid embryos can be
artificially rescued in an early developmental stage. Somatic
hybridizaticn is also feasible through protoplast fusion, direct
injection of INA, etc.

These aspects superficially resemble those used in conventional
plant breeding and are actually camplementary to them. Techniques such
as haploidization, in vitro selection, and embryo rescue, are at
present available to develop new varieties.

Wheat haploid production

Haploid production is of great value to plant breeders, because if
followed by chromosome doubling it is possible to quickly abtain
genetically hamozygous lines. The production of doubled haploids is the
most rapid technique for developing uniform homozygous breeding lines
and may camplement conventionzl breeding programs.

Intergeneric hybridization of wheat and wild barley, Hordeum
bulbosum, produces haploid wheat embryos because H. bulbosum
chromosomes are preferentially eliminated during embryo development
from the hybrid zygote. Regeneration from cultured wheat anthers may be
also be applied for haploid production. Anther culture has been widely
used for the last decade, and has recently contributed to the release
of new wheat varieties in China and France.

Croesability between wheat and H. bulbostm

In 1986-87, 206 clones of H. bulbosum were collected in Syria, and
maintained in an ICARDA nursery. The crossabilities of primarily
Turkish and Iranian wheat cultivars with H. bulbosum clones were
examined.

Avcrage seed setting frequency with embryos on 29 wheat genotypes
pollinated with 13 clones of H. bulbosum ranged from 0.0% to 18.6%
(Table 111). Since same seeds lacked embryos frequencies of seeds with
embryos were slightly lower than those of seeds scored according to
their external appearance. Two Iranian cultivars, Tabassi and Bisotoon,
and four Japanese cultivars were crossable with H. bulbosum. The other
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two genotypes, Cakmac 79 and Sabalan, produced a few seeds with embryos
but were not recognized as crossable because of poor seed setting. All
the H. bulbosum clones were crossable with Japanese genotypes at mean
frequencies of 2.5%-23.4% seeds with embryos (Table 112). The highest
frequency (23.4%) of seed sets with embryos was obtained in the cross
with clonz SY-111. The frequency of seed set was not associated with
morphological characters observed in H. bulbosum clones. Statistical
amalysis indicates that there were significant differences in
frequencies of seeds set with embryos among wheat and H. bulbosum
genotypes used for crosses, but with no significant interaction between
them.

Table 111. Crussabilities of twenty-nine wheat genotypes with H.

bulbosum clones.

Wheat. genotype Origin No. of No. of No. of
florets seeds embryos
pollinated set (%) produced (%)

1. Bolal Turkey 336 0 0

2. Gerek 79 " 382 0 0

3. Haymana 79 " 392 0 0

4. Kirkpinar 79 " 424 0 0

5. Atay 89 " 458 0 0

6. Kirac 66 " 406 1 (0.2) 0

7. Cakmac 79 " 424 5 ( 1.2) 1 ( 0.2)

8. Kunduru " 396 0 0

9. Diyarbakir 86-1 " 356 0 0

10. BVD-1 " 364 0 0

11. Roshan Iran 380 0 0

12, Adl " 372 0 0

13. Cmid " 400 0 0

J4. Rashid " 352 0 0

15. Bayat " 404 0 0

15. Bisotoon " 388 9 ( 2.3) 6 ( 1.5)

17. Tabassi " 376 17 ( 4.5) 17 ( 4.5)

18. Darab " 390 0 0

19. Sabalan " 359 3 (0.8) 2 ( 0.6)

20. 1646 Bio Morocco L. Morocceo 364 0 0

21. 2306 Bio Morocco L. " 390 0 0

22. Nes Bio Morocco L. " 308 0 0

23. 5/70-32 Bio Morocco L. " 382 0 0

24. Bouni N. Yemen 250 2 ( 0.8) (0}

25. ILocal White Pakistan 334 0 0

26. Norin 61 Japan 764 158 (20.7) 142 (18.6)

27. Fukuho " 779 138 (17.7) 120 (15.4)

28. Mikuni " 786 52 ( 6.6) 45 ( 5.7)

29. Aoba " 784 51 ( 6.5) 40 ( 5.1)
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Table 112. Frequencies (%) of seeds set with embryos !n crosses of four
Japanese wheat genotypes with thirteen clones of H. bulbosum

H. bulbosum genctype Wheat genotype:’/

Clone Plant Headi Norin 61 Fukuho Mikuni Acba Mean
heightl/ time2

1l SYy-18 M M 37.5 14.8 9.3 6.9 17.1
2 SY-32 S E 25.0 17.7 4.4 1.7 12.2
3 SY-34 M E 7.2 7.3 5.2 6.9 9.2
4 SY-29 S E 3.2 3.4 1.9 1.6 2.5
5 SY-100 S E 12.6 4.8 6.5 0.0 7.7
6 SY-111 M M 37.5 30.0 10.0 16.1 23.4
7 SY-119 M E 26.8 12.5 18.0 6.7 16.0
8 SY-120 T L 13.8 21.2 3.1 0.0 9.5
9 S§Y-122 T L 18.3 25.0 0.0 1.5 11.2
10 sy-127 T L 18.3 26.8 3.4 17.9 16.5
11 sy-136 M L 1.6 6.9 4.8 1.5 3.7
12 S5Y-140 S L 18.2 21.0 4.5 0.0 10.9
13 SY-176 M E 8.6 9.1 6.3 8.1 8.0

1/S: Short, M: Medium, T: Tall

2/E: Early, M: Medium, L: Late

3/M.S. for wheat genotypes (3 d.f.) 1297.42%*
M.S. for H. bulbosum genotypes (12 d.f.) 288.72%%
Interaction (36 d.f.) 88.44

The cross-incompatibility of wheat is genetically controlled by
genes Krl and Kr2 located on chromosome 5B and 5A respectively. These
genes also determine crossability with rye and barley. It is clear that
cross-incompatibility genes predominate among Turkish and Iranian wheat
genotypes.

H. bulbosum 1is s~lf-incompatible and can be vegetatively
propagated. Populations will therefore be genetically highly
heterogeneous in their ability to affect crossability. Outcrossing
between different clones of H. bulbosum followed by selection may be
used to obtain promising clones with increased crossability. Since
strong cross-incompatibility between wheat and H. bulbosum is the main
obstacle in applying the H. bulbosum method to haploid production, it
is more important to examine a wide range of H. bulbosum genctypes,
which may enhance seed setting of wheat genotypes.

Wheat anther ailture

This year, 7 F1 wheat genotypes (Exp 1) and 5 breeding lines (Exp
2), grown in field, were used for anther culture. Anthers excised from
cold-treated spikes were inoculated on a modified potato medium (Chuang
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et al. 1978) at a temperature of 28°C. All embryoids emerging from
anthers were transferred to a regeneration medium (He and Ouyang 1984).

Inoculated anthers (7974) produced 269 embryoids. These enbryos
regenerated 36 plants including 12 albino plants, at a frequency of
0.45% (Table 113). This frequency was camparable to those reported by
other research workers, though not high. The frequency of haploid
production through anther culture greatly varies with the genotypes
used, and is generally low. Reliable regencration fram microspores is
attractive because a single anther contains many microspores which
could be regenerated to haploid plants. Further work is needed to
develop the anther culture technique.

Table 113. Numbers of embryoids and plants obtained through anther
culture in wheat.

Exp. No. of anthers No. of embryoids No. of plants regenerated (%)

inoculated produced (%) Green Albino Total
1 5036 128 (2.54) 2 5 7 (0.14
2 2938 141 (4.80) 22 7 29 (0.99)

M.N. Inagaki, M. Tahir
Doubled haploids and in vitro culture methods for cereal improvement

In 1988, an additional project was started to develop ard
adapt biotechnology to ICARDA germplasm and to the specific problems
of dry areas. The current techniques present inherent limitations and
appropriate activities for the Cereal Improvement Program are being
identified. Special emphasis is placed on doubled haploid plant
production of barley and of durum and bread wheat through in vitro
androgenesis. We wish to develop the capacity for large scale
production of doubled haploid plants in barley and bread wheat, and
overcame the poor response of durum wheat to haploid plant production
techniques.  Another objective is to develop prerequsites for the
canbination of in vitre selection and doubled haploid plant production
i.e. efficient in vitro screening systems by identifying camponents of
carplex phenotypes amenable to selection at the haploid cellular
level, and powerful culture-regenerating methods using populations of
isolated microsnores.

P. Lashermes
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. Evaluation of Wild Relatives of Wheat and Identification of
Useful Traits.

West Asia is the primary center of diversity and origin of wheat.
ICARDA’s proximity to this area is favorable for collection,
evaluation and utilization of genetic resources of wild pmgerutors,
wild relatives and primitive forms of this crop. Howwver, in spite of
the potential for genetic inprovement of wheat varietics for tolerance
to stresses in harsh enviromments of the region through plant
breeding, the utilization of non-conventioasal genetic resources has
been slow. This is perhaps due to two reasons: (1) linkages of
undesirable characteristics with favorable traits associated with
yield and stress as well as disease tolerance, and (2) lack of
information on the genetic varlablllty that such germplasm harbours.
This variability of traits is being urmasked through a camprehensive
evaluation project incorporating multi~location testing and
specialized institutions in developed countries. The project will
also eventually establish a regional network of national program
cooperators for wider exposure of selected germplasm.

During 1987/88 a major part of ICARDA’s Aegilops collection,
numbering £62 accessions from 27 different species, was evaluated at
Tel Hadya and Breda, ICARDA’s moderate (>350 mm long-term average) and
low (<275 mm) rainfall sites in NW Syria. The list of species
evaluated is given in Table 114. Taeslve species were selected for
statistical analysis ac the others did not have a representative
mmber of accessions.

Table 114. List of species of Aegilops evaluated for six
econonamically desirable traits in Tel Hadya and Breda
during 1987-88.

Botanical spp. Ploidy Genome Botanical spp. Ploidy Gename
level level
Ae. bicornis 2X S Ae. neglecta * 4X UM
Ae. biuncialis* 4X UM (= Ae.triaristata,4X)
Ae. caudata 2X Cc Ao, rectas 6X UMUn
Ae. columnaris* 4X UM (= Ae.triaristata, 6x)
Ae, camosa 2X M Ae. searsii 2X S
Ae. crassa 4X,6X DM,DIM Ae. sharonensis 2X S
Ae. cylirdrica* 4X D Ae. speltoides * 2X S
Ae. geniculatax 4X UM Ae. sgquarrosa* 2X D
( = Ae. ovata) Ae. triuncialis* 4X uc
Ae. kotschyix 4X us Ae. umbellulata * 2X u
Ae. longissima 2X S Ae. uniaristata 2X Un
Ae. lorentiix 4X UM Ae. variabilis 4aX us
Ae. mutica 2X Mt Ae, vavilovii 6X s
Ae. ventricosa 4X DUn

*  Species included for statistical analysis.
** Genome symbols after Kimber and Feldman, 1987.
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The following characters were evaluated: germination, days to
heading, plant height, days to maturity, and number of tillers/plant.
In addition, reaction to naturally occurring yellow rust (Puccinia
striiformis) infection at both locations was scored (Table 115).

Table 115. Yellow rust infection on Aegilops
at Tel Hadya and Breda.

Botanical spp. % plants infected
Tel Hadya Breda
Ae. biuncialis 8.0 8.3
Ae. columnaris 73.3 69.2
Ae. cylindrica 97.9 100.0
Ae. geniculata 4.4 3.8
(= Ae. ovata)
Ae. kotschyi 61.1 42.8
Ae. lorentii 5.5 16.6
Ae. speltoides 7.1 8.0
Ae. sguarrosa 78.6 68.8
Ae. triaristata 41.7 50.0
Ae, triuncialis 16.8 16.2
Ae umbellulata 42.8 31.0

Analysis of variance revealed a high variation for all characters
between species at both locations. However, this variability was not
significant between locations for days to heading and maturity. 1In
other words, the difference in ecological conditions at the two sites
were not able to influence earliness or lateness in A=gilops spp.

A formula for the transformation of numerical values into three
categories or scores was used (Table 116). Trends for some species
were noticed independent of the location. For example, Ae. kotschyi
was early heading and nmaturing whereas Ae. speltoides was late with Ae.
geniculata (= Ae. ovata) intermediate. Also Ae. squarrosa (the donor
of the D gename to bread wheat) had low tillers/plant.

Evaluation for Disease Resistance

ICARDA’s Aegilops collection was tested at the University of
Tuscia, Viterbo, Italy, by Dr. Carla Ceoloni under supervision of Dr.
E. Porceddu for resistance to powdery mildew (Erysiphe aramini ssp.
tritici) and leaf rust (Puccinia recondita). The powdery mildew
inoculum was checked for virulence with a set of standard differential
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Table 116.Qualitative description of four characters in Aegilops spp.

Early Heading

If Xj < X - s.d. then score =1 Early maturing
Short plants
Low tillers/plant

If X - s.d. < Xj <X + s.d. then score = 2 Intermediate

If X; > X + s.d. then score = 3 Late heading
late maturity
Tall Plants
High tillers/plant

Where: X = Observations on individual accs.
X = Overall experiment mean
s.d. = Overall experiment standard deviation

varieties, each carrying a given Pm gene for resistance to this
pathogen. The inoculum was subsecuently specifically characterized by
its ability to attack the normally effective Pm4 resistance gene which
is present in several high yielding Italian durum wheat varieties. The
inoculum for two leaf rust populations were derived from representative
areas for this pathogen one being from central Italy (kome) and the
other from the south (Foggia). The resistance was tested on
artificially infected seedlings grown under optimal greenhouse
corditions for each of the pathogens. The virulence of the disease was
scored on a 0-4 scale.

Approximately 410 accessions from 19 different Aeyilops species
(diploids and polyploids) have been evaluated for resistance to powdery
mildew since the start of the project in January 1988. 264 {or 63%)
were found to be fully resistant, 37 as moderately resistant, 102
moderately to campletely susceptible and 16 as segregating. Numerous
sources of resistance are apparently available, both at the diploid
level, including species which carry the S, ¢, M, Mt, D and U genome,
as well as at the polyploid level. Due to the presence of more than
one potential donor gencue, a larger fraction of the polyploid Aegilops
spp. turned out to be resistant as campared to diploid snes. In most
cases, they had the genomic constitution UM [Ae. biuncialis, Ae.
columnaris, Ae. geniculata (= Ae. orata), &Ae. neglecta (=
triaristata)], UC [Ae. triuncialis], US [Ae. kotschi, Ae. variabilis)
and CD [Ae. cylindrical.

In the case of leaf rust the difference between diploid ard
polyploid species was less evident. When tested against the pathogen
population isolated near Rome a total of 241 (or 70%) o't of 345
accessions were highly resistant. Also, ca. 276 accessions were
resistant when infected with pathogen fram Foggia. Once again,
resistant accessions belonged to different species from the diploids to
polyploids.
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Perhaps the most interesting finding was the combined resistance
to mildew and leaf rust in several species, including accessions of Ae.
longissima, Ae. mutica, Ae. speltoides and Ae. squarrosa among the
diplcids and virtually all of the polyploids. It would be practical to
transfer both resistances fram the same wild donor into cultivated
wheat. However, to achieve this gyoal proper cytogenetical
manipulations of the selected genotype to induce chromosames of the
donor strain and recipient lines to pair and exchange genetic material,
are needed. Products of such an exchange retaining desired traits from
the wild parent will be selected for future evaluation.

While further tests are in progress at the University of Tuscia
there seems to be little doubt as to the usefulness of Aegilops. On
the basis of first year’s results same accessions with promising traits
have been given to breeders for further testing and eventual use in
crosses.

A.B. Damania, J.P. Srivastava, and L. Pecetti
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4. International Cooperation
A. Cooperation with Rational Programs
Introduction

One of the objectives of the Cereal Improvement Program is to
assist national barley and wheat scientists with technology and
information to improve cereal production in their countries, while
enhancing their skills and abilities. In addition to its role in
training, germplasm development, and crop improvement through improved
preduction technologies, the Program plays an important catalytic role.
Besides adopting new varieties, national programs are also adopting the
improved breeding methodologies for more stable and increased
proeduction in stress envirorments and significant increases in
moderately favorable envirorments.

Within the region, areas with common production constraints were
identified, and in addition to the already developed subregiocnal
program for the Maghreb countries as well as for the countries in the
Nile Valley, it is proposed to establish a program for the West Asian
countries which will include Southern Turkey, Syria, Jordan, Iraq, and
Lebanon and another for the countries of the Arabian Peninsula. The
level of activities in high elevation areas (parts of Pakistan,
Afghanistan, Iran, Turkey, Iraq, Algeria, Morocco) was increased.
While cereal cooperation in these programs is based on general breeding
and training activities, specific networks were initiated or
strengthened including those of Hessian fly, aphids, drought, heat
tolerance, and barley disease resistance.

Activities were increased with national, regional, and
international institutions as well as with research institutions in
developed countries that would serve ICARDA’s mandate and goals. The
highlights of cooperative research with national programs are presented
below. The research and training activities reported hereafter are the
fruit of joint efforts by scientists of NARSs in the various countries
and outreach and headquarters scientists of ICARDA including CIMMYT's
scientists posted at ICARDA,

Maghreb Regional Program

Algeria

Drought conditions that prevailed this year had a significant
effect on cereal production. Total production would be around 1.5
million tons this year, leaving about another 2.0 million tons to be
imported to meet local requirements.

At Sidi Bel Abbes, the total rainfall during 1987/88 crop season
was 227 mm, this is 164 mm lower than the annual average of 395 mm.
Rain distribution was also poor as 81.3 mm fell during October,
November and December, and 40 mm only during February, March and April.
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In April and May total rainfall was 20 mm. Full advantage of this
drought was made by selecting drought tolerant germplasm. The severe
selection pressure was reflected in the limited number of lines
selected for resistance/tolerance to drought. On-station yield trials
show that in durum wheat the variety Om Rabi 9 yielded 2.9 tons/ha,
three times more than the local check O. Zemati. In bread wheat the
variety Nesser yielded 1.5 tons/ha compared to Mahon Demias; 0.9
tons/ha.

Off-station testing comprised 6 durum varieties, 5 bread wheats
and 8 barleys. These were grown in six locations representing the
three different agroecological zones of Sidi Bel Abbes. Within the
improved durums, yields ranged from 1.6 to 2.1 tons/ha, for bread
wheats 1.6 to 2.3 tons/ha and for barleys the highest yielder was Roho
with 3.1 tons/ha compared to the checks ACSAD 176 and Saida 183 that
yielded 1.9 and 2.0 tons/ha respectively.

Demonstration plots incorporating improved varieties and
production technology were conducted in unreplicated 1/2 ha plots in
zones I, II, IIT and IV of the Wilaya. They included one improved
Qurum variety; Waha, one bread wheat, Flicker-Hork’s’and one barley,
Rihane-03. Each variety was planted in at least 3 sites in each of the
four zones. The results in general demonstrate that the production can
easily be doubled even in difficult years and using local varieties,
Waha yielded 0.6 tons/ha compared to O. Zenmati 1.0 ton/ha with the
traditional technology compared to 2.0 tons/ha and 1.9 tons/ha
respectively for both varieties with the improved technology. The
figures for Mahon Demias were 1.1 tons/h and 2.1 tons/ha compared to
Flk-Hork’s’ 1.0 tons/ha and 2.4 tons/ha, Rihane 0.6 and 1.6 tons/ha and
Saida 183, 1.1 and 1.6 tons/ha respectively.

Algerian technicians and researchers participated in various
ICARDA, Aleppo and ICARPA North Africa cereal activities exanples are
participation in Tunisia/ICARDA, Morocco/ICARDA coordination meetings,
visits tc the base program to acquaint with high elevation cereal
research, participation in residential training courses, etc.

Moreover various ICARDA, Aleppo and North Africa staff visited
Sidi Bel Abbas as well as the other stations. This was particularly
beneficial during planting the off-station trials at Sidi Bel Abbes,
and note taking across Sidi Bel Abbes, Tiaret, El Khroub, Setif and
Guelma.

1987/88 was the second year for the collaborative project between
the Institut Technique des Grandes Cultures (ITGC) , Algeria, ICARDA and
IECSA/INIA France to improve research production and transfer of
technology for winter cereals, food legumes and forages in the Wilaya
of Sidi Bel Abbes. The project aims to develop improved varieties and
production technologies, to test and verify results on farmer’s fields
and demonstrate research findings to farmers in the various agro-
ecological zones of the Wilaya while evaluating the impact of this
technology.

The second coordination meeting for this project was held at ITGC,
Algiers, September 10-12, 1988 during which results of the 1987/88 crop
Season were discussed and 1988/89 plans developed. Training
requirements, visits, workshops, seminars etc. for the coming season
were also finalized.
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Morocco

Work in Morocco in 1987/88 was directed towards the development of
partnership in research, training, and transfer of technology.

Unprecedented favorable weather gave Morocco a record cereals
crop. Small grain cereal production exceeded 7.5 million tons and
allowed the export of barley to other Maghreb countries. Average
yields exceeded 1.5 per hectare for barley and reached 2.0 t/ha for
bread wheat. High rainfall also favored disease development and
lodging. Septoria and the three rusts plagued wheats, while scald ard
net blotch caused significant losses in barley yields.

The newer bread wheat cultivars Nesma, Jouda, Merchouch 8, Saiss
and Mabrouka contributed largely to the high yields while the durum
Karim and Marzagq and the barley cultivars Arig 8, Asni, Tissa and
Tamellalt covered large areas.

As a result of NARS scientists’ dedicated efforts and partnership,
the Moroccan National Program has made the following achievements:

- Improved training level of the national workers to carry independent
research.

- Adoption of efficient release and seed m:ltiplication procedures.

- Initiation of a high altitude and summer nursery research programs
for cereals at Annaceur Atlas Station.

- Introduction and evaluation of wheat and barley germplasm targeted
for the main cereal growing areas of Morocco, or having resistance to
the predominant cereal diseases.

- Strengthening of large scale on-farm verification and demonstration
work on cereal varieties. Fourty three verification trials and 26
demonstration trials were implemented in the favorable, semi-arid and
mountainous areas of Morocco.

- Identification and training of Jjunior scientists in agronomy
breeding, pathology, germplasm collection and preservation, seed
technology and plant physiology. Training was also imparted at
ICARDA, Aleppo and in other Maghreb countries.

- Collecting, rejuvenating, cataloguing and preserving cereal national
resources in Morocco.

~ ICARDA scientists participated in research activities dealing with
verification and demonstration trials, selection, disease breeding
and field days.

- Identification of several promising lines for registration and
demonstration in farmers’ field verification trials.
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- Strengthening of intra-regional cooperation and the initiation of
several networks. For example, production of germplasm with good
agronamic characters was generated in Tunisia for the Maghreb while
crossing for diseases resistance were done in Morocco. Also
germplasm resources under advanced testing fram Tunisia were shared
with the Moroccan and Algerian national programs. Conversely, lines
under advanced testing in Morocco were tested at two locations in
Tunisia and another two enviromments in Algeria.

- A travelling workshop in Morocco in which 26 breeders and
pathologists from Algeria, Morocco, and Tunisia participated.

- Ooordination meetings for Moroccan cereal workers Sept. 26 and 27.

During the 1988/89 support will be geared to facilitate the rapid
transfer of research findings to farmers, to establish multi-
disciplinary research teams, to coordinate research activities among
Moroccan researchers and with other researchers fram the Maghreb, to
exploit the germplasm from regional and international organizations,
and to analyze research results from previous seasons.

The Tunisia/ICARDA Cereal Project is a collaborative project
between the Institut National de la Recherche Agronomique de Tunisie
(INRAT) and ICARDA. However other naticnal institutes, such as, the
Institut National Agronamique de Tunisie (INAT) and the Direction de
1’Amelioration de la Production (DAP) of the Office des Cereales,
participate in various research activities.

Rainfall during 1987/88 crop season was below average in all
cereal growing areas. However the magnitude of the rain deficit varied
between zones. In the intermediate zones of Fahs, Medjez, Kef and
Siliana the drought was very severe. In the most productive areas of
the North West i.e. Mateur, Beja, Jendouba and Krib the deficit in rain
was about 30-40%. This season’s drought was the most severe recorded
in this century.

Total cereal production this year was 0.3 million tons as campared
to about 1.7 million tons in a normal year. Seed produced was also of
poor quality, most being shrivelled.

The newly released variety Razzak outyielded all camercial
varieties under this year’s drought conditions. It gave a 15 to 20%
vield advantage over the widely grown variet "1 in all stations.
In Advanced Yield Trials many lines yielded a as Razzak but none
outyielded it. At Beja many lines outyielded Razzak by 8 to 20%. Same
of these lines are various selections of Om Rabi.

As a result of the drought, the bread wheat variety Salambo gave
the highest yield and confirmed its adaptation to dry corditions while
Tanit was the least productive. The newly released variety Byrsa was
severely affected by the drought, confirming that it is adapted
essentially to the favorable conditions. Five newly identified lines
outperformed all other lines under drought corditions.
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In barley the newly released variety Rihane performed well in the
dry conditions. Other advanced lines also showed high yield potential
in stations at Beja, Hindi Zitoun and Bou Salem.

The grain quality of durnum germplasm was determined using 1000
kernel weight, specific weight, vitrecusness and protein content. Due
to the drought all variables decreased except for protein content. The
variety Ben Bechir was particularly higher in 1000 kermel weight than
other varieties irrespective of location.

Sixteen lines were drought tolerant and had a 1000 kernel weight
higher than Karim of a set of 200 lines selected fram the durum world
collection.

On-farm verification/demonstration trials conducted by DAP of
1/0Office des Cereales verified results cbtained fram farmer’s fields.
Trials were conducted in various sites for variety performance,
response to fertilizer application particularly Potasium, seed rate and
weed control. Results generally confirm results fram previous years
and show the yield superiority of the durum wheat varieties Razzak and
Karim, the bread wheat varieties Byrsa and Salambo and the barleys
Rihane and Roho.

Pathology research included the evaluation of the breeding
material of the three crops to the prevalent diseases, a regional
virulence survey to scald and net blotch of barley, the screening of
part of the dumm world collection to septoria leaf blotch at the
seedling stage, a regional disease survey conducted in Morocco and the
initiation of a cereal disease monitoring nursery for North Africa.

1905 lines of the durum world collection were evaluated at the
seedling stage to septoria leaf blotch. 17% of these lines showed good
resistance. Similarly entries of the BON IRA and BCB were inoculated
with 6 isolates of each of scald and net blotch. The scald isolates
criginated from collections made in Tunisia, Morocco and Syria while
the net blotch isolates originated fram collections fram Cyprus,
Morocco, Egypt and Syria. The lines showing resistance to a majority
of these isolates were selected for further use.

The virulence spectrum of 33 net blotch isolates was evaluated
using ten barley cultivars as differential varieties. These isclates
originated from collections made fram Tunisia, Morocco, EBEgypt amd
Cyprus. Results showed that the North African isolates were more
virulent than isolates fram Egypt and Cyprus. None of the varieties
used as differentials was resistant to all isolates.

Due to the drought conditions that prevailed in Algeria and
Tunisia the disease survey was conducted this year in only Morocco.
The survey was conducted by pathologists fram Tunisia, Morocco as well
as ICARDA. An insect survey was concurrently conducted in Tunisia and
Moroocco.

The cereal disease monitoring nursery was grown this year in 24
locations in Tunisia, 2 in each of Morocco and Algeria and one at Tel
Hadya. This nursery was further developed into a North Africa/Iberian
Peninsula cereal disease monitoring nursery and will be grown this
caming season in 15 locations in Tunisia, 7 in each of Algeria and
Morocco, 2 in each of Spain and Portugal and one at Aleppo.
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Support to Ph.D. and MS  thesis research is also continuing in
the following areas: breeding methodology for drought resistance, yield
loss to net blotch and septoria, and race non-specific resistance to
net blotch in barley. An ICARDA supported Ph.D. thesis research, was
campleted this year by a scientist from INRAT. The thesis identified
morphological and physiological characters associated with drought
resistance in wheat.

More details are presented in the report of the Sixth
Tunisia/ICARDA Coordination Meeting, September 1988.

Nile Valley Regianal Pruject-Bgypt, Ethiopia, Sudan.

In Egypt the Program strengthend its collaborative effort on
screening for aphid resistance in the laboratory and field and for heat
resistance in the field. Increased emphasis was placed on screening
landraces and primitive forms. A number of meetings were held with
Bgyptian scientists in Egypt and at ICARDA headquarters to discuss
improving current projects to secure external funding for projects
dealing with wheat and barley production in Egypt.

In Ethiopia a workshop was organized to review the barley research
and production in Sub-Saharan Africa. A training course for barley
researchers was also organized. Scientists from ICARDA visited
Ethiopia to assist in germplasm evaluation and to discuss research
methodologies with Ethiopian researchers.

In Sudan, the project "Verification and Adoption of Improved Wheat
Production Technology in Farmers’ Fields," funded by OPEC, resulted in
initiating a national coordinated network on wheat; improved wheat
varieties and agronomic practices were demonstrated on large scale in
farmers’ fields.

Trainees from all three countries participated in one or more of
ICARDA’s cereal training courses.

In 1987, with the full support of ICARDA’s Board of Trustees, the
Nile Valley Regional Program was developed for each of the three
countries covering cereals and cool-season food legqumes. SAREC hzs
funded the Ethiopian compciient of the food legume and part of barley
activity; the Dutch Government has agreed to fund the Sudan component ;
and EEC, has agreed to finance the Egyptian component of the project.
Each of the countries has identified national program coordinators and
constituted a steering ocomittee comprising national program
coordinators and relevant ICARDA staff to review the workplan developed
by national programs and oversee the project implementation. Detailed
workplans for 1988/89 were developed for each country at a coordination
meeting held in Cairo in September 1988.

China

A Chinese delegation visited ICARDA to discuss germplasm exchange;
a senior visiting scientist and trainees spend one week to 3 months in
the Program. It is planned to increase the cooperation on barley
improvement in China. A delegation from the Cereal Improvement Program
will visit china to discuss the direction of future collaboration,



Cyprus

A collaborative project to identify early maturing drought
tolerant barley and durum lines with the Agricultural Research
Institute (ARI) is underway. The project provides ICARDA with sources
of earliness in good genetic background and provides Cyprus with high
yielding lines which have been released as varieties.

Work on dryland root-rot disease and evaluation of targetted
germplasm for rainfed areas with mild winters was emphasized. Cyprus
continues to play a role in providing germplasm for the use of other
countries with similar agroclimatic conditions. Work on barley
development for low rainfall grazing lamds continued. Several journal
publications have resulted from this cooperative program. Scientists
from Cyprus were provided with financial support to attend
international conferences related to the project.

India

An agreement between the Indian Council of Agricultural Research
(ICAR) and ICARDA was signed during the season and germplasm exchange
and visits of scientists increased.

Jordan

The Program has maintained active collaboration with the National
Center for Agricultural Research and Technology Transfer (NCARIT), the
University of Jordan (UOF), and Jordan University of Science and
Technology (JUST). Barley and wheat germplasm were provided and ICARDA
scientists visited Jordan to discuss cereal breeding methodologies and
joint NCARIT-UQJ on-farm testing and participate in scientific
meetings.  Five persons from Jordan were trained in various topics
relating to cereal improvement.

Iatin America

The CP’s parley breeder, through the joint CIMMYT/ICARDA barley
improvement program, continued to provide disease resistant germplasm
suitable to the growing conditions prevailing in countries of the
Andean region (Bolivia, Ecuador and Peru) and similar areas.

Lebanon

The Program used the Terbol station both for regular winter
planting and as off-season site to speed up the breeding cycle.
Breeder seed was provided for improved seed production and subsequent
distribution to cereal growers.

Pakistan
Crop experimental fields were installed at varicus locations

through Baluchistan. Although crop research work during the season
suffered badly due to lack of rain, interesting observations were made
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on maturity and cold and drought tolerance of wheat and barley.
Germplasm, oconsultancies, etc. were provided as in previous years.
Detailed results on the performance of cereal germplasm is provided in
the AZRI-Quetta Project report.

Syria

Cooperative research with the Ministry of Agriculture and Agrarian
Reform moved toward true partnership. The CP has exchanged both
germplasm and scientific visits with the Directorate of Scientific
Agricultural Research (Douma). During the season, 27 Syrian trainees
participated in various training activities at ICARDA. Joint on-farm
verification trials of wheat and/or barley have been conducted in 31
sites throughout Syria, while large-scale testing for a few varieties
has been made in selected sites. The barley line Rihane 03, the bread
wheat Nesser and the durum wheat Douma 6056 were among the most
pramising entries tested in the on-farm trials. Grain yields were not
as high as would have been expected fram the high seasonal rainfall,
perhaps because of diseasec and terminal heat stress.

ICARDA scientists along with Syrian colleague scientists,
participated in meetings, work groups and field days organized by
Syrian institutions. During this season, the Syrian National Program
released a new durum wheat variety named Cham 3. Newly released
varieties from the joint program occupied large areas, indicating that
they have been gradually adopted by farmers in Syria.

Turkey

The collaboration with Turkey remained at a good level. In
addition to exchange of germplasm and information, wheat and barley
germplasm from ICARDAwastestedatAnkaraandHaymanatlumxgha
collaborative arrangement with the Field Crop Improvement Center at
Ankara. Five researchers visited ICARDA to attend cereal training
courses. The Turkish goverrment organized an International Symposium
on the Sunn Pest which was attended by scientists from western and
eastern Eurcpe as well as from West Asia. ICARDA is considering
strengthening its research activities in high elevation areas. Turkey
has offered ICARDA to consider one of its stations as a Regional
Coordinating Center for high elevation work.

Yemen Arab Republic (YAR)

During the season several ICARDA staff visited the YAR resulting
in a much effective cooperative activity between the YAR and ICARDA.
The YAR released three bread wheat varieties (Aziz, Mukhtar, Dhumran).
On-farm trials and demonstrations were organized. An "In
Training Course on Techniques of Cereal Imorovement” was held at the
Agricultural Research Authority in Dhamar, YAR, supported by the Arab
Fund (AFESD). It is proposed to start a regional network for the
Arabian Peninsula, and the first Regional Coordination Meeting was held
at Sana’a, October 18-20, 1988 with participation of representatives
fram Saudi Arabia, Kuwait, Yemen PDR, and Yemen AR.
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The Cereal Program has several collaborative research projects
with advanced institutions in various countries. Brief notes on each
of the following ocollaborative projects with advanced vresearch
institutions are given below:

1. Evaluating Durum Wheat Germplasm for Drought Tolerance.

Collaboration with Agriculture Canada, Research Station, Swift-Qurrent,
Canada.

Based on a single-replicate screening of about 4000 durum wheat
accessions for excised-leaf water loss rate, 50 lines were selected and
were grown at three sites in Syria. These parental lines were of
interest for their high yield potential under dry growing conditions
ard for low rates of exused leaf water loss. Progeny from these crosses
will be evaluated for physiological traits the 1988/89 season. -- J.M.
Clarke, (Wheat physiology; Program leader), S. Jana, University of
Saskatchewan, J.P. Srivastava, M. Nachit, and B.H. Samarco, ICARDA.

2. Collection, Evaluation and Conservation of Barley and Durum Wheat
and Their Wild Relatives.

Collaboration with the University of Saskatchewan, Canada.

Germplasm is being evaluated for a number of morphological amd
agronwmic characters and response of field level drought at ICARDA, the
University of Saskatchewan, Saskatoon Canada and Jordan University of
Science ard Technology. —— S. Jana, University of Saskatchewan, Canada,
A. Jaradat, JUST University, Jordan, amd J.P. Srivastava, Cereal
Improvement Program, ICARDA.

3. Grain Quality and Iocal Product Evaluation on Barley and Wheat.
Collaboration with Canadian Grain Cammission, Winnipeq, Canada.

Work continues on evaluating wheat and barley for cereal grain
quality and local food processing. Consultancy for Dr. P.C. Williams
is financied by CIDA. — P.C. Williams, Canadian Grain Camissian,
Canazda, and J.P. Srivastava, Cereal Improvement Program, ICARDA.

4. Screening Advanced ICARDA Wheat and Barley Germplasm for BYDV.

Cooperative research with Instituto de Investigaciones Agropecuaries
(INIA), Chile, and laval University, Canada.

The project supports research on BYIV on cereals in North Africa,
which includes surveys for BYDV incidence, losses induced by it amd
testing cereal germplasm for BYDV resistance using aruvificial
inoculation. Most promising lines after testing at Tel Hadya are sent
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to North Africa (Tunisia and Morocco) for testing. In 1989 some work
on BYDV will be initiated in Algeria. IDRC provided USS. 47,700 for
the three years from November 1986. — Dr. K. Makkouk, ICARDA.

5. Yield Physiology of Durum Wheat.

Collaboration with Institute of Plant Breeding, University of
Hohenheim, Germany. Funded by Vater & Sohn V & S Eiselen Stifturg.

The abjectives of this project are: to find new sources for
photoperiod insensitivity; to understand linkage between photoperiod
insentivity and thermo sensjtivity (vernalization); to understand how
plants react durirg different development stages to change photoperiod;
to study the inheritance of photoperiod insensitivity; to compare
glasshouse trials with field trials. -—- P. Ruckenbauer, University of
Hohenheim, Federal Republic of Germany, and M. Nachit, ICARDA/CIMMYT.

6. Haploid Breeding of Wheat Using H. Bulbosum.
Collaboration with Tropical Agricultural Research Centre, TARC, Japan.

The project aims to shorten the time required to breed new
varieties which are tolerant to stresses. It focusses on the haploid
breeding method using the bulbosum technique. — M. Inagaki, TARC,
Japan and M. Tahir, J.P. Srivastava, Cereal Improvement Program,
ICARDA.

7. Screening for Resistance to Yellow Rust, Septoria, Scald, amd
Powdery Mildew.

Collaboration with ENMP, Elvas, Portugal. Funded by Government of
Portugal.

Collaboration in cereal pathology with ENMP in Elvas continues to
be of great value. INMP has provided excellent data on yellow rust,
leaf rusts, scald and septoria tritici blotch, as well as results on
the virulence of leaf samples fram the region. — E. Barradas, M.J.
Concalves, ENMP, Portugal, and O.F. Mamluk, J.v. Leur, Cereal

Improvement Program, ICARDA.
8. Barley Stress Physiology.

Collaboration with University of Cordaba, and INIA, Spain. Funded by
Goverrment of Spain

Emphasis is given to crop physiological attributes and plant
traits of potential use in barley breeding for lowrainfall
Mediterranean areas. The work started in the 1986/87 season and is
being financed by Spain through two graduate students. — E. Fereres,
ITSIA, University of Cordaba, A. Royo, Servicio Investigacion Agraria
D.G.A. Zaragoza, Spain, and E. Acevedo, Cereal Improvement Program,
ICARDA.
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9. Genotype Characterization in Barley.

Collaboration with the Plant Breeding Institute, Cambridge, UK. Funded
by ODA.

The aim of the project is to characterize barley genotypes in
terms of constitutive and adaptive traits for improved performance in
dry Mediterranean enviromments. Work on specific identified traits such
as vernalization requirements, chlorophyll a/b ratio and C-13
discrimination are providing concrete selection criteria and sources of
resistance to drought. -- R.B. Austin, PBI, Cambridge, U.K. and E.
Acevedo, Cereal Improvement Program, ICARDA.

10. Development of a Metabolic Index of Stress.
Collaboration with University College London, UK. Funded by ODA.

The final report of this three year project was produced. The
dbjective of the project was to examine differences between barley
genotypes at the metabolic level in their response to water stress and
to explore the possibility of devising a metabolic index for genotype
screening.

A metabolic index was developed using the ratio of proline
concentration to total amino acids. The index gave a higher value for
drought susceptible varieties. The tissue has to be sampled prior to
anthesis or may be used with plants grown under controlled conditions
but acclimated to drought. Only a limited number of genotypes were
used to develop the index and it should be tested on a wider range. No
single metabolite correlated adequately with the degree of drought
stress e«perienced by the varieties teste.

Work done on photosynthesis indicated that both stamatal and non-
stamatal control cccurs and that headlng to anthesis might be the best
time to sample for varietal differences in photosynthesis provided that
drought stress is present.

The stress metabolism of the developing grain was also examined.
~- G.R. Stewart, J. Pearson, University College Iondon, U.K. and E.
Acevedo, I. Naji, Cereal Improvement Program, ICARDA.

. Photothermal Responses of Barley.
Collaboration with University of Reading, UK. Funded by ODA.

This project is in its final phase. Its objective is to provide
precise information on the effects of temperature and daylength on the
development and growth of barley. The study will help scientists
better understand how different genotypes of barley adapt to different
envirorments. Current work focuses on how daylength and temperature
determine the time of flowering of six diverse barley varieties.—
E.H. Roberts, R.J. Summerfield, University of Reading, UK, J.P. Cooper,
FRMP, ICARDA, and E. Acevedo, S. Ceccarelli, CP, ICARDA.



164

12, (buabumtivemter-djsciplinaxynweard)arﬂminingmunamto
Enhance Germplasm of Selected Cereals Grains for Iess Favorable
Enviraments.

Collaboration between Oregon State University, USAID, Montana State
University, Kansas State University, CIMMYT and ICARDA.

The cbjective of this project is the enhancement and dissemination
of improved wheat and barley germplasm with relevant training and in-
country symposia welded together to provide an effective delivery
system within the NARSs. The project maintains a strong relevant
graduate training program at Oregon State University. W. Krostad, P.
Hayes, Oregon State University and J.P. Srivastava, M. Tahir, Cereal
Improvement Program, ICARDA.

C. Specially Funded Projects

1. RoseazduandTrai:ﬁn;mBarleyDiseasaarﬂAssociatedBmedirg
Methodologies.

Collaboration with Montana State University (MSU), USA. Funded by
Science and Technology Bureau, USAID, USA.

The project addresses the need to study the major barley diseases
in developing countries, particularly in the ICARDA region. The first:
dbjective is to create a model of an integrated approach to
incorporating disease resistance into adapted, high-yielding barley
cultivars through national, university, and international research
program cooperation. An equally important objective is to upgrade the
national research capabilities of developing countries through long-and
short-term training, craduate degree (M. Sc.) training, and seminars
and workshops in pathology and plant breeding methodologies.

The project is conducted in collaboration with Montana State
University, USA. USAID is providing US$. 381.504 for 1989 out of which
US$. 136.862 will be handled by ICARDA and the remainder by Montana
State University. — D. Sands, W. Grey, M. Bjarko, Montana State
University (MsU), USA and J.v. Leur, O.F. Mamluk, CP, ICARDA.

2. Evaluation and Documentation of Durum Wheat Germplasm (Funded by the
Govermment of Italy)

Collaboration between Cereal Improvement Program, Genetic Resources
Program, ICARDA, and University of Tuscia, Viterbo, Germplasm
Institute, Bari and ENEA, Rome, Italy.

The project which was initiated in 1985/86 has the following major
objectives: to screen durum wheat germplasm oollection at ICARDA
utilizing an ecogeographical approach, to document, utilize and
disseminate information on genetic resources for the use of breeders
and other scientists and to identify and test selected lines in
cooperation with national programs in other countries to confimm
results.
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With the data coming fram the 1987/88 season the project has
evaluated Ca. 18000 accessions during the last four seasons and
therefore the bulk of ICARDA’s durum wheat world collection has now
been evaluated "in—depth" for 29 agromorphological as well as bio-
chemical characters and the information has been entered into ICARDA’sS
central coamputerized data-bank. In addition, data for seven
economically important characters, which were evaluated in different
countries urder the framework of a network of cooperating evaluators,
has also been analyzed. This has led to two beneficial developments
viz. the knowledge of the behaviour of germplasm selected at TCARDA
under envirorments in other countries as well as the identification and
utilization of the best lines under local conditions by the cooperating
national programs. -- J.P. Srivastava, B.H. Somarco, A.B. Damania,
ICARDA and E. Porceddu, Department of Agrobiolegy and Agrochemical,
Univ. of Tuscia, Viterbo, Italy.

3. Improving Yield and Yield Stability of Barley in Stress Enviromments

Collaboration with University of Perugia, Italy and Experimental
Institute for Cereal Research, Ministry of Agriculture, Catania, Italy.
Funded by Goverrment of Italy.

The objectives of this project are: to assess the efficiency of
the modified bulk in generating materials suited to stress
enviromments; to select barley landraces and other lines for
contrasting characters to determine their importance for adaptation to
dry areas; to test over a variety of differrnt enviromments the
performance of pure lines compared with mixtur »; to determine the
importance of genetic heterogeneity in relation to yield stability; to
evaluate the performance of crosses between lines selected from
landraces and high yielding cultivars; to screen H. spontaneum
accessions for resistance/tolerance to drought; and to utilize H.
spontaneum in crosses with lines selected from landraces as well as
improved cultivars. R. Petti, A. Grillo, University of Perugia, Dr. G.
Boggini, Ministry of Agriculture, Catania, S. Grando, S. Ceccarelli,
Cereal Improvement Program, ICARDA.

4. Enhancing Wheat Productivity in Stress Enviromments Utilizing wild
Progenitors and Primitive Forms.

Collaboration with University of Tuscia, Viterbo, Italy.

The project was initiated in 1987/88 and the major objectives are
to study the genetic variability in the wild progenitors and primitive
forms of wheat, to identify germplasm possessing genes for stress
disease tolerance and urudy their inheritance, to identify and study
physiological traits associated with high stress tolerances, to
identify easily ubservable markers linked to these traits, to initiate
a prebreeding program to develop genetic stocks, incorporating
desirable genes with the aid of biotechnology whenever necessary and to
provide training to regional scientists in techniques of evaluating and
utilizing non-conventicnal genetic resources.
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A total number of 662 accessions from 27 different Aegilops
species were planted at Tel Hadya and Breda in Syria. Sub-samples were
also sent to the University of Tuscia, Viterbo, for cytological
analysis as well as electrophoretic studies.

Six economically important characters were scored in Tel Hadya and
Breda. Variability for these characters was studied in-depth for 12
species which were most promising for utilization in crosses. A number
of accessions were identified as resistant to yellow rust at both
locations. These selected accessions have been given to the breeders
for further testing and eventual use in crossing blocks. The project
also provides opportunities for regional scientists to be trained at
advanced institutions. -- J.P. Srivastava, B.H. Somaroo, A.B. Damania,
ICARDA and E. Porceddu, Department of Agrobiology and Agrochemicals,
Univ. of Tuscia, Viterbo, Italy.

5. Haploid Breeding Techniques in Cereal Improvement Using Anther
Culture.

Collaborative Project with G.I.S. Moulon, University of Paris South,
INRA, France. Funded by the Govermment of France.

The project emphasizes developing double haploids from targeted
crosses of barley and wheat and tests whether anther culture is a more
efficient and cost effective breeding method. The project will remain
flexible and be open to other new biotechnologies that may be helpful
for cereal improvement. A scientist was provided by France in August
1988 to work on this Project. -- E. Picard, University of Paris South,
France, P. lashermes, M. Tahir, J.P. Srivastava, Cereal Improvement

Program, ICARDA.

6. Strengthening Barley and Wheat Research and Training in the Nile
Valley and the Arabian Peninsula.

The project aims to solve some of the problems facing barley and
wheat production in a short period of time in the targeted countries.
There are two major research components: (1) On-farm demonstrations,
research managed trials and back-up research in Sudan and the two
Yemens. (2) Breeder seed of wheat and barley varieties were produced
and distributed to several national programs through this project. The
methodology and germplasm developed through the project will be
disseminated to these participating countries. Training for
agricuitural research will be provided for all countries of the Arabian
Peninsula. It may have also interaction with the Nile Valley Regional
Program.

The project with an annual budget of Kuwaiti Dinars 50k is being
funded by the Arab Fund for Economic and Social Development for a
period of five years starting from 1988/89.

D. North Africa Traveling Workshops

A traveling workshop, jointly sponsored by ICARDA and CIMMYT and
organized by ICARDA was held in Mid-May in Morocco. Scientists fram
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Tunisia and Morocco as well as from ICARDA and CIMMYT visited
experimental sites in the rainfed areas of northern, central and
southern Morocco (north of High Atlas Mountains), made selections and
held discussions concerning germplasm improvement.

E. The following ammual coordination meetings were arganized with
national programs to review the 1987/88 oollaborative research
activities and to plan for the 1988/89 workplan:

1. Cereal Annual Coordination Meeting in Wad Medani, Sudan, September
4~-6, 1988.

2. Cereal Program Coordination Meeting in Algiers, Algeria, September
10-12, 1988.

3. Cereal Program Coordination Meeting in Tunis, Tunisia, September
13-14, 1988.

4. Cereal Nile Valley Regional Program Meeting in Cairo, Egypt,
September 22-24, 1988.

5. Cereal Program Coordination Meeting in Rabat, Morocco, September
26-27, 1988.

6.  7th Annual Coordination Meeting with Turkey, April 9-14, 1988.

7. First Regional Coordination Meeting (Barley and wheat) in Sana’a,
Yemen Arab Republic, October 18-20, 1988.

F. Visits

During 1987/88 season, 144 scientists from 36 countries visited
the Program. CP’s scientists spent considerable time working with
national colleagues in their research plots and laboratories and
discussing problems and research information on crop improvement and
priorities. Some national procrams requested a review of research
activities and solicited suggestions for accelerating cereal
production. Some Program scientists visited research centers in
advanced institutions.

G. Information Excharge

In collaboration with the Scientific and Technical Information
Program (STIP), the Program promoted the exchange of information among
cereal researchers, and encouraged national scientists to share useful
research findings in Rachis, a barley and wheat newsletter. It
published 2 issues of Rachis, in English and Arabic. To reach the
larger community of scientists, however, the Program scientists
published papers in refereed journals and produced several reports and
other publications.

J.P. Srivastava
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5. Intermational Nurseries
The international nursery system has three abjectives:

1. To distribute improved barley and wheat germplasm to and among
national programs.

2. Tc provide a channel for national scientists to evaluate their
elite materials under multi-location testing.

3. To collect, analyze, summarize and report results of the
international nurseries for the use of all national program
scientists and ICARMA.

In 1987/88 much effort was spent on in-depth analyses of the data
collected for the previous years’ regional yield trials and on the
publication of results in scientific journals.

Types, Numbers and Distribution of Nurseries

Subdivision of the regular international nurseries into lowland
and high altitude areas, and further into low rainfall or moderate
rainfall areas for the lowland, was campleted for the 1987/88 season.
The types and names of the regular nurseries distributed in 1988
remained the same as in the previous season and are given in Table 117.

Besides the regular nurseries special specific trait nurseries
were also distributed. In addition to the Bread Wheat Heat Tolerance
Cbservation Nursery available in the last two seasons, four new
nurseries were assembled in 1988 (Table 1173,

1987/88 was the second season that national programs were invited
to nominate their best lines for testing in the international nursery
system. In the dbservation nurseries distributed in 1988, there were 26
entries naminated by national scientists.

In 1988, 1344 sets of regular nurseries and 156 sets of specific
trait murseries were assembled and distributed from Aleppo to 131
Cooperators in 50 countries upon written request. Wheat nurseries were
developed through the joint ICARDA/CIMMYT breeding activity at ICARDA.
Barley rnurseries sent from Mexico through the joint CIMMYT/ICARDA

nursery sets were distributed to countries within the ICARDA region.
The number of sets distributed for barley, durum wheat and bread wheat
represented 40%, 27% and 33% of the overall total, respectively.
Detailed information on distribution of nurseries for 88/89 can be
found in the booklet "International Cereal RNurseries 1988/89 List of
Cooperators and Distribution of Nurseries" available from the Cereal
Improvement Program.

Though the demand of intermational nurseries by national programs
has continued to increase over the years, the number of sets
distrilbuted were kept to the same level during the last two seasons.
This was achieved by carefully considerating the requests on two
aspects: whether resources are available for a cooperator to handle the
nurseries requested and whether the requested nurseries are suitable to
cooperators’ enviromments.
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Table 117. JCARDA’s cereal international nurseries distributed

in 1988.
Nursery Barley Durum wheat Bread wheat
Reqular Nursery
Crossing Block * * *

Segregating Populations

- Low rainfall areas (IRA)l * - -
~ Moderate rainfall areas (MRA)1 # - -
- High altitude areas (HAA) * * *
- Lowland - * *
Observation Nursery
- Low rainfall areas (IRA)l * * *
- Moderate rainfall areas (MRA)1 # * *
- High altitude areas (HAA) * * *
Yield Trial
- Low rainfall areas (IRA)l * * *
- Moderate rainfall areas (MRA)1 * * *
* * »

- High altitude areas (HAA)
Special Specific Trait Nwsery

Bread Wheat Heat Tolerance Observation Nursery
Durum Wheat Drought and Heat Tolerance Observation Nursery
Germplasm Pools for Disease Resistance

- Durum Wheat Yellow Rust
- Bread Wheat Yellow Rust
- Bread Wheat Cammon Bunt and Yellow Rust

1I_RA&MRAareforlcwlan.is

In addition to the regular and specific trait nurseries reported
here, key location disease screening nurseries, aphid tolerance
screening nurseries and other special germplasm were provided to
national scientists on specific requests and agreement.
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Data Analysis and Report

As in the previous two seasons, upon receipt of the yield trial
field books from cooperators, data were analyzed and results in the
form of computer print-outs were returned to allow cooperators make a
more and rapid decision on the germplasm. Annual nursery reports for
the 1986/87 barley, durum wheat and bread wheat international nurseries
were distributed to cooperators in June-August, 1988, respectively.

The reports retained the features of previous vyears with
improvement in the observation nursery section. New analyses and
information incorporated into the reports since 1987 were:

1. Similarity of trial sites and entries ocbtained by the cluster

analysis.

2. Stability of the genotypes provided by the regression technique.

3. The mean relative yield and standard deviation of each entry in
each gecgraphical region or cluster of locations.

Qlassification of Genotypes

Useful information shculd be extracted from previous internmational
nursery results to let breeders target their gexrmplasm more precisely.
The first attempt to achieve this was initiated in 1986/87 when a
statistical approach using multivariate cluster analysis was chosen.
Cluster analysis is an empirical technique for grouping objects, so
that objects within the same cluster are relatively homogeneous and
while the group themselves are relatively heterogeneous.

The objective of this study is to investigate phenotypic responses
of advanced 1lines in the regional yield trials to different
enviromments using cluster analysis. Numerous statistical procedures
have been proposed to quantify stability. The most widely used method
is regression analysis. However, all these techniques follow the
traditional approach which transforms multivariate responses to
enviromments into a univariate problem. They thus give only individual
aspects of stability, Multivariate cluster analysis avoids this
difficulty and has been widely accepted since the 1970s. Instead of
measuring stability by a quantitative parameter, genotypes are
assigned into qualitative groups based on response similarities.

The BMDP hierarchical, agglomerative 2 M program was employed for
cluster analysis of mean yield of each entry from each site. Entries
were considered as cases and sites were variables. Standardized
Euclidean distance (standardized within each site) and centroid linkage
were used.

Data from the 1985/86 and 1986/87 regional vield trials have been
analysis. Results were given in the annual reports for ICARDA’s cereal
intermational nurseries for 1985/86 and 1986/87, available from the
Cereals Program. For demonstration, results of the 1985/86 Regional
Bread Wheat Yield Trial, which has been studied in more detail, will be
briefly presented here. Grain yield from twenty four trial sites in
West Asia, North Africa and Mediterranean Europe were analyzed. These
sites were rainfed or under Supplementary irrigation and had a C.V. for
grain yield less than 32% with yield data for all 4 replicates.
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Results of joint regression analyze of variance on grain yield for
the 23 entries in 24 sites are presented in Table 118. Entries and
entries x sites were highly significant (P<0.001). However,
heterogeneity among the linear regressions was not significant and
accounted for only 5.2% of the interaction sum of squares.

Table 118. Joint regression analysis of variance in grain yield
of 23 wheat cultivars/lines grown in 24 rainfed or
supplementary irrigated sites in West Asia, North
Africa Mediterranean Europe.

Source df ss MS FT
(100, 000) (x1000)
Entry 22 74.34 3379 3.22 k&%
Site 23 5795.08 251960 240 A%k
Ently X site 506 531.88 1051 3.33 k%
Regression 22 27.57 1253 1.20 ns
Deviation from 484 504.29 1042 3.30 k&%
regression
Residual 1584 499.45 315

***, ns = significant at P<0.001 and non-sig., respectively.

+ = approximation only, but entry, and entry x site still
significant (P<0.10) even when much smaller d.f. were used in
presence of heterogeneity of interaction and error variances.
entry MS or site MS / entry by site Ms

entry by site MS or deviation MS / residual MS

regression MS / deviation from regression MS

muwn

The dendrogram resulted from cluster analysis of the 23 entries
based on differential responses acrcss 24 sites is given in Fig. 21.
Entries 8, 11, 12, 1, 22, 5 and 19 each formed a single cell cluster
separated from the remaining cluster. By examining the pedigrees
(Table 119), five of these seven entries were found to be different
from the rest. Entry 22 was the only line selected solely at Aleppo,
Syria and was derived from a spring x winter cross. Entry 11 was the
only line bulked at Patzcuaro, Mexico. Entry 5 was the line selected
only in Turkey, entry 1 was an old variety developed in Mexico and
entry 12 was a durum wheat. Interestingly, two sub—clusters were noted
within the remaining cluster: (A) lines selected mainly under low
rainfall conditions at Aleppo, Syria, without selection in. Kenya
(Entries 2, 3, 4, 9, 10, 13, 15, 18 and 23), and (B) lines selected
under favorable conditions outside Syria, ie. high fertility and full
irrigation at CIMMVT, Mexico, or in Kenya, or under high rainfall
condition at Izmir, Turkey (Entries 6, 7, 14, 16, 17, 20 and 21),
except entries 20 and 21, which were screened for only one season in
Kenya. Mean entry yield over the 24 sites was not the criterion for
clustering and sib lines were grouped together earlier in the
clustering process.

S.K. Yau
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ranking over 24 sites.

Name/cross and pedigree for each of the 23 entries and their mean relative yield and

Mean
Relative

Entry Name/cross Pedigree yield

8 Ymh/Tob//Ron SE 1756-95-25-55-0S-~3K-0K .961

11 Vee‘’s” CM 33027-F~15M-500Y-0M~18B-0Y-0Ptz 1.045

12 Shan 1 (Improved durum wheat check) - .998

1 Mexipak 65 (long-term check) - .968

22 C182-24/C168—3/3/(Cno/7C)*7C*2//Cc/Tob SWM 6828-6AP-2AP-2AP-2AP-0AP .957

5 sz/3/CC/Inia//Cno/Elgau//Sn64 SE 381-4S-1S-1S-0S-2Mb-1Mm-0Mm .949

19 Bch’S'/3/Bb/Nor67//Cno’S’/7C CM 35297-1L-3AP-0AP-2K-0AP .892
Sub-cluster A:

18 Jup’S’/7/Pch/6/Kt54A/N108//Kt54B/5/Nar59*2/4/Lfn SWM 5090-3S-1AP-0AP-3AP-0AP 1.051

10 SD 648.511i/SD 648.5/5/8156//Chr//SN64//Kbre/3/Bb/4/sz CM 32670-6S-1AP-1AP~-2AP-0AP .956

3 P106.19//Scty/Jt*3 L 489-2L~2AP-0AP-8AP-0AP .963

13 Yd’s’/Pci‘’s’ CM 35044-0L-7AP-1AP-1AP-0AP .954

4 P106.19//Soty/Jt*3 L 489-ZL-1AP-2AP-1AP-1AP-0AP .993

9 Bb/7C*2//Y50E/Kal*5 CM 29014-7S~2AP-1AP-2AP-0AP 1.046

23 Sham 2 (Improved bread wheat check) - .939

15 Maya 74/C1li CM 39427-14AP-2AP-1AP-0AP 1.005

2 K6290.9/4/Cno/F58N//Tob/Cno/3/We/Sx L 51-2S5-4S-2A4P-2AP-6AP-0AP 1.043
Sub-cluster B:

6 Kvz/Cgn SE 1066-9S-1S-65~-0S-1K-0K 1.069

17 Hoopoe‘’S’ SWM 2185-2Y-3M-1Y-2M-0Y-3K-0K 1.028

7 Kvz/Cgn SE 1066-95-15-65-05-6K~-0K 1.074

16 Kal//Bb/Kal//3/AU//Y50E/Kal*3 CM 48418-A-3M-2Y-1M-3Y-0OM 1.061

21 NA476/3/391//56D-81—14—53/3/1015.6410/4/w22/5/Ana SWM 6525-1AP-0AP-1K-0AP 1.023

20 NA476/3/391//56D—81—14-53/3/1015.6410/4/W22/5/Ana SWM 6525~1AP-0AP-2K-0AP .997

14 Condor’s’/ald’s’ CM 36903-1Y-1M-1Y-0M-2K-0K 1.046

Entry yield divided b
Explanation or pedigree:

L -
M,

ICARDA cross in Lebanon: AP - Aleppo (Syria):

Yy site mean yield and then averaged over sites.

CM ~ CIMMYT cross; SWM - CIMMYT spring x winter cross;
S - Izmir (Turk
Y, B & Ptz - sites in Mexico; Mb & Mm - trials in Turkey.

SE - Turkish cross;
ey): K - Kenya; Sa - Sakha (Egypt);

cLl
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Fig. 21. Amalgamation resulting fram cluster analysis of
23 entries based on differential yield responses
across 24 sites,
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6. Cereal Training

In response to the evolving needs of NARS in WANA, training
activities have been intensified, mainly through specialized short
courses. During 1987/88 148 persons were trained by cereal scientists
at ICARDA or in in-country courses. In addition, a number of
scientists from NARS visited the Program for periods of 1 week to 4
months. Table 120 shows cereal training trends during the last 10
years.

Table 120. Number of participants in various training courses

1979-1988.

Year Type of training

Residential Individual Short™  In-country*

Non—-degree Degree

1979 19 3 - 25 (1) -
1980 16 - - - -
1981 12 2 - 16 (1) -
1982 10 2 - 35 (2) 24 (1)
1983 18 3 - - -
1984 8 7 2 36 (2) 20 (1)
1985 15 8 4 49 (2) 47 (2)
1986 18 14 4 15 (1) 44 (2)
1987 12 18 8 29 (2) 88 (3)
1988 18 18 14 41 (3) 57 (2)

* Number of courses in parentheses

A. Shart courses

Four specialized training courses were conducted in 1987-88 at
Tel Hadya on: biometrical techniques for cereal breeders, cereal
stress physiology, barley diseases and associated breeding
methodologies and cereal disease identification and scoring.

Biametrical Techniques for Cereal Breeders

Seven scientists from 6 countries (Table 121) participated in a
specialized intensive course held at Tel Hadya, Syria, from 16~23 Feb.
1988. Topics included: heritability, genetic designs, genotype x
envirorment interaction, varietal stability, and selection efficiency.
In addition to attending lectures, each participant made a
presentation on a particular topic and discussed it with other
colleagues. They also had a chance to work on examples using the
camputer. From the discussions it appears that NARS need software
appropriate for geneticists ard breeders.
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Table 121. Participants in the short course on biometrical techniques
for cereal breeders, ICARDA 1988,

Name Institute/Country
Dr. Raafat Abdel Hamid Mitkees (Ph.D.) ARC, Giza, Egypt
Dr. P.S.L. Srivastava (Ph.D.) IART, New Delhi, India
Ms, Fadwa Mustafa Shgaidef (B.Sc.) Jordan Univ.,Amman,Jordan
Ms. Nadia Fanek (B.Sc.) Jordan Univ.,Amman,Jordan
Mr. Mahmoud Deghaies (M.Sc.) INRAT, Tunis, Tunisia
Mr. Ahmed Ali Khajeh A. Attari (M.Sc.) SPII, Karaj, Iran
Mr. Iftikhar Ahmed (M.Sc.) NARC, Islamabad, Pakistan

Cereal stress physiology

Twelve trainees from 9 countries (Algeria, Egypt, Ethiopia,
India, Jordan, Morocco, Pakistan, Syria, Turkey) participated in a
two-week course at Tel Hadya during 15-28 March, 1988. Ccurse
objectives were to explain the mechanisms of interaction between the
crop and the envirorment, to analyze the effects of physical stresses
on crop growth and development and to utilize physiological concepts
in varietal :2lection and crop management to minimize the effect of
envirormental stresses on crop production. Topics included water
balance and water stress, water use efficiency, transpiration
efficiency, resistance to cold and heat, and breeding cereals for
improved resistance to envirormental stresses. fThe course also
provided an opportunity for ICARDA and lIARS scientists to exchange
ideas and information on envirommental stresses prevailing in the
region, and to establish rcsearch links with cereal physiologists from
WANA.

Barley Diseases and Associated Breeding Methodologies

This course was offered at ICARDA from 21 March-5 April 1988 by
the Cereal Improvement Program, ICARDA and, the Department of Plant
Pathology at Montana State University. The objective was to
familiarize participants with the major barley diseases, to train them
on recognizing these diseases and assessing their severity of their
occurrence, and to provide them with methodologies of efficient
disease control including breeding for disease resistance.

Fourteen researchers from 10 countries, i.e., China, Egypt,
Ethiopia, Morocco, Nepal, Sudan, Syria, Tunisia, Turkey and Yemen Arab
Republic participated.

Topics included: disease occurrence and development, life cycle
of causal agents, epidemiology, diagnosis and field sampling, scoring
disease incidence and severity, crop loss assessment, seed health and
control of diseases with emphasis on breeding for disease resistance.
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In addition to attending classroom presentations, the participants
worked in the laboratory and fields at Tel Hadya, and visited off-
station testing sites to dbserve and evaluate diseases under
artificial and natural infections.

Cereal Disease Identification and Scoring

A short intensive course on cereal disease identification and
scoring was offered to 8 participants from various research stations
in Syria during 18-21 April. The course which took place at Tel Hadya
was designed for cereal workers involved in disease note taking.
Bmphasis was placed on development of diseases, recognition and
identification of symptams and evaluation of the type reaction type
and infection severity. The major part of the course was devoted to
practical field training.

Because of specificity of the course, it was possible to use the
Arabic language in the course, which made cammunication with trainees
more efficient.

B. In—country courses
Saudi Arabia

Based on a request fram the national program in Saudi Arabia, one
scientist from ICARDA, in collaboration with national scientists,
assisted in organizing an in-country course on "identification,
diagnosis and control of barley and wheat diseases". The course tock
place in 2 sites: at Riyadh (2-6 April 1988) and at Unayzah, Qassim
(8-12 April 1988). In total 42 persons from different agricultural
directorates participated in the course. Three days were devoted to
classroom presentations, 1 day to laboratory sessions, and 1 day to
field visits.

The course focused on the major diseases infecting wheat and
barley in Saudi conditions and emphasized the importance of resistant
cultivars as a means of ocontrolling the diseases.

Yemen

A course on cereal improvement was conducted at Dhamar, Yemen
Arab Republic (YAR) from 23-27 October 1988. Trainees included 12
participants from YAR (2 from research, 5 from seed multiplication
project and 5 from production and extension projects), 2 from Peoples
Democratic Republic of Yemen. (1 from seed production and 1 from
extension) and one researcher fram Oman. Instructors inncluded 3
scientists from ICARDA and 3 from the Agricultural Research Authority
in YAR. Classroom presentations covered the development of improved
barley and wheat varieties, the occurrence and inportance of diseases
and insect pests in cereal production, cultural practices and on-farm
trials and demonstration fields. A participant from each country gave
a brief presentation on cereal research in his own country, followed
by discussion. One day was devoted to practical field visits both on-
station and on-farm fields.
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C. Individual training

In response to increased demands from NARS for training on
specific research techniques, the cereal improvement program trained
18 participants from 6 countries for periods of 1 week to 3 months on
various topics (Table 122).

Participants who spent a short individual training also involved
in other training courses at ICARDA.

Table 122. Specialized non-degree individual training at the
Cereal Improvement Program, ICARDA, 1988.

Subject No. of Duration Country
participants
Barley breeding 1 3 months Algeria
Cereal entomology 1 1 months Syria
Germplasm evaluation 1 3 weeks Syria
Cereal improvement 1 2 weeks Syria
Grain quality 1 2 weeks Syria
Data analysis 2 10 days Syria
On-farm testing 1 1 month Tunisia
Grain quality 1 2 weeks Tunisia
Cereal pathiology 1 3 weeks Tunisia
Cereal pathology 1 8 days Tunisia
Cereal pathology 2 2 weeks Ethiopia
Cereal pathology 1 2 weeks Turkey
Cereal entomology 2 2 weeks Turkey
Use of the oyjord drill 2 1 week Jordan

D. Graduate Research Training:

An increased number of graduate students from the region have
been accepted to conduct their research work under the co-supervision
of ICARDA and NARS scientists. Also, graduate students from outside
the ICARDA region have been accepted to carry out their thesis
research at ICARDA with external financial support (Table 123).

In addition to supporting graduate students, the Cereal
Improvement Program provided training to 4 students from Aleppo
University on cereal entomology and 3 students on barley diseases as
part of their graduation projects. Groups of third and fourth year
students from Aleppo, Tichreen and Deir-ezzor universities visited the
program to get acquainted with its various research activities.

A student from Wagenigen University spent 6 months working in
cereal physiology as part of the training requirements in his
university.
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Table 123. Graduate students supported by the Cereal Improvement

Program 1987-88.
Name Degree  Research Area Ccuntry Source
of
financial
support
Mr. Moncef Ben Salem Ph.D Wheat physiology Tunisia ICARDA
Mr. Deghaies Mahmoud Ph.D Wheat breeding Tunisia ICARDA
Mr. Adel Deif Alla M.Sc. Cereal physiology Sudan ICARDA
(GRTP)
Mr. Mohamed S.El-Khatem M.Sc. Cereal physiology Sudan ICARDA
(GRTP)
Mr. Pedro P. Marco Ph.D Cereal physiology Spain external
support
Mr. Hani Ghoshe M.Sc. Wheat breeding Jordan ICARDA
(GRTP)
Mr. Eric van Oosterom Ph.D. Wheat breeding/ Holland external
physiology support
Mr. Peter Stefany Ph.D. Wheat breeding/ F.R. external
physiology Germnay support
Mr. Jamal Abu El-Enein M.Sc. Wheat breeding Jordan ICARDA
0,00
Mr. Haytham Al Sayed M.Sc. Cereal wild species Syria ICARDA
(GRTP)
Mr. Mohamed S. Hakim Ph.D. Wheat breeding/ Syria ICARDA
pathology
Ms. Samia El Masri M.Sc. Cereal entomology Svria ICARDA
(GRTP)
Ms. Suha Ismail M.Sc. Wheat pathology Syria ICARDA
(GRTP)
Ms. Christa Probst M.Sc. Barley breeding F.R. external

Germnay support

E. Residential Course

The residential course (1 March-16 June 1988) was attended by 18
participants from 11 countries (Table 124). Four trainees, one each
from Morocco, PDR Yemen, Saudi Arabia and Syria, were supported
financially by AOAD.

The trainees attended classroom presentations in breeding,
physiology, agronomy, pathology, entomology, cereals for high
elevations, genetic resources, seed production, seed health, grain
quality, on-farm testing, field plot techniques, data anlysis, and
econamics,

These classroom presentations were complemented by practical
training in hybridization, selection, disease and insect
identification and scoring, harvesting, analyzing research data and
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reporting of results. Practical training covered about three quarters
of the entire schedule.

All trainees visited on-farm trials at different sites in Syria
(E1 Ghab, Hama, Idleb, Saraqueb) and participated in selection at off-
station research sites.

Table 124. List of trainees in the cereal residential training course
(1 March-16 June 1988).

Name Country Topic

Mr. Mohamed Bouizar Morocco Barley improvement

Mr. Tugrul Ince Turkey Barley improvement for high
elevation areas.

Mr. Zhou Yang China Barley improvement

Mr. Manscur Al Saghir Yemen AR Barley improvement

Mr. Mohamed Hamadi Morocco Balrey and durnum wheat
improvement

Mr. Mohamed Abd El Egypt Physiology/agronomy

Fattah A. Salem

Mr. Fayez Arwar Essa Egypt Physiology/agronomy

Ms. Nuray Kilinc Turkey Physiology/agronomy

Mr., Yousef M. Al Rajab Saudi Arabia Bread wheat improvement

Mr. Mohamed S. Al Yamei Saudi Arabia Bread wheat improvement

Mr. Ibrahim B. Al Amry Saudi Arabia Bread wheat improvement

Mr. Hussein M. Abu Hamza Syria Durum wheat improvement

Mr. Ababsa Bel Kacem Algeria Durum wheat improvement

Mr. Idris Ali Mohamed Sudan Cereal pathology

Ms. Thsan Ali Abbas SudanCereal entomology

Mr. Ibrahim Al kKhalidi Syria Cereal improvement/seed
production

Mr. Idrissi Abdel Ouahed Morocco Cereal improvement/seed
production

Mr. Mool Chand Diwakar India On-farm testing.

F. Visiting scientists:

Five research scientists, one each from China, Algeria, Egypt,
India, and Sudan visited the program to get acquainted with research
work at ICARDA in barley pathology, barley breeding, bread wheat
breeding and cereal improvement for high elevation areas. A senior
scientist from Peoples Republic of China also visited the program to
get general information on our work on wheat and barley improvement
with some emphasis on material suitable for high elevation areas.

. Ketata, and other CP’s
scientists
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