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1. Program Overview 

The diverse projects carried out by the Cereal Improvement Program
were oriented towards assisting national progrars increase
productivity and yield stability of barley, durum wheat, 

to 
and breadwheat, particularly in rainfed areas. The commdity 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 multi
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 programssuch as the Genetic Resources Program, the Farm Resource Management
Program, the Food Legume 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 forthe rest of ICARDA, was the second evaluation by an external reviewpanel called in TAC terminology the External Progranm 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, encouraging staff and management to continue for the most 
part in the direction already charted. We have embraced the EpR
panel's major recommndation to define and strengthen our current
collaborative project with withCIMMYT the aim of providing NARS withthe Denefits of tw9 complementary international centers. A new 
agreement has subsequently been reached between ICARDA and C.ThMYT for
collaboration in cereal improvement in the WANA region. The agreement

will allw the efficient use of CGIAR resources 
 for increased benefit 
to NARSs. The agreoment includes the posting of third Cm=a wheat
scientist at ICARDA and the implementation of a new system of wheat

gernplasm distribution in WAA. Wheat germp]asm derived from 
 ICARDA
Aleppo, and CIN4YT, Mexico, will be pooled in joint screening nurseries 
to be distribted from ICARDA to NARSs in WNA. 

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 environments, 2) the identification
of physiological and morphological traits associated with higher yields
unde- stress conditions, and 3) water efficiency can be bothuse 
genet cally and agronomically manipulated. 
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-Selection techniques and methodologies were developed and 
refined. Examples are the different time of sowing used to expose
material under selection to different stresses at different 
phonological stages and the increased use of experimental designs
better suited to handle environmental variation. Another example is 
the use of multi-location testing and selection to identify suit-Ahe 
genotypes for different environments and to develop genetic material 
with increased yield and production stability. 

-In meeting the challenge of harsh environments the Program
increasingly used landraces and wild relatives, with a strong focus on 
the preservation and utilization of their variability. New accessions 
of Hordeum s were evaluated, some of which hold promise for 
stressed environments. Efforts on evaluation, documentation, and 
utilization of durum .vxdraces 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 frequency of gerplasm 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 
severely stressed environments. 

-During 1987/88, stress physiology research was considerably
strngthened with the objective of supporting breeding programs in 
sel,,ction methodologies for abiotic stresses. Work on gas-exchange of 
barley and wheat genotypes under drought consistently showed that 
barleyi has a higher water use efficiency than wheat. A strong positive 
correlition between C-13 discrimination and yield was found for barley 
genotypes grown under severe stress. This technique is being further 
assessed as a screening tool for cereal improvement in dry areas. An 
international symposium, "Improving Winter Cereals Under Temperature
and Salinity Stresses," October 26-27, 1987 was organized in Cordoba, 
Spain. 

-'The evaluation of about 2500 barley genotypes in three 
contrasting environments confirmed for the third consecutive croping 
season that there may be a trade off between yield potential in 
favorable conditions and yield under stress conditions. The breeding 
strategy followed by the barley project, which is based on different 
plant characteristics for stress and moderately favorable conditions, 
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
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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 advanced 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 cuirised of 206 accessions was 
established. 

-A breeding technique based on primordium development and other 
screening methods for cold and drought tolera-ze was developed to 
generate improved germplasm for high altitude areas. An international 
Symposium on Winter Cereals and Food Legumes Production in High 
Elevations Areas of West and Southeast and North Africa .as held at 
Ankara, Turkey in July 6-10, 1987. National program participants from 
countries with major high altitude areas agreed to develop arA 
participate in a network of cereal inprovement for such area-s. 

-Several barley and wheat gernplasm pools resistant to a major 
disease, such as yellow rust, bunt, septoria or scald were developed. 
Genotypes with multiple disease 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 environment chambers. 

-Genetic stocks possessing resistance to wheat stem sawflies, 
aphids and Hessian fly -were assembled for use in crossing 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 strawl 
was considerably refined and strengthened. Methodologies were 
standardized and made available to NAPS. 

-The demand for international nurseries continued to increase as 
the quality and types of nlurseries substantially improved over the last 
five seasons. Nurse' y 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 
owirc'nrnts. 

-During the season, ICARDA cereal scientists trained over 150 
national program participants in specialized short courses, individual 
non-degree or graduate research training, and in in-country and 
residential courses. In addition, scientists from the region visited 
the Program for various periods. During the last five years, over 400 
NARS researchers participated in various cereal training courses. As a 
result of these training activities, national scientists are 
increasingly becoming partners in research and technology transfer, and 
there is an increasing rate of adoption of our research products, i.e. 
methodologies, techniqaes, and germplasn, by NAPS. 



4
 

-The Program developed subregional networks that concentrate on
problems unique to each subregion. Such networks develop leadership
and responsibility in the national programs and foster a collaborative
atmosphere among them and with ICARDA. For exanple, 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 gernplasm, 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 d.- ±nt4 , reports detailed research results
frcm each project, concentrating on those derived during the 1987/88
cropping season. This report therefore constitutes an inventory of theProgram'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 Cianges 

During 1987/88 Dr. Philippe Lashenmes, formerly with the Plant
Breediing 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 gerplasm scientist,
appointed 

was 
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 
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Table 1. Cereal varieties 	 released by national programs as Nov.or 
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 
Mani
 
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
 

Portiugal 	 1982 Sereia
 
1983 CE 8302
 

Qatar 	 1982 
 Gulf 
1983 	 Hanra
 

Saudi Arabia 	 1985 Gusto 
Spain 	 1987 
 Rihan
 
Syria 
 1987 	 Furat 1113
 
Thailand 	 1987 Semangl IBON 48 

1987 	 Semeng2 _BON 42
 
Tunisia 	 1985 Taj
 

Faiz 
Roho 

1987 	 Rihane"S" 
Yeien AR 	 1986 
 Arafat
 

Beecher 
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Table 1. (cart'd) 

Durum Meat 

Algeria 1986 Sahl 
Waha 

Cyprus 

1982 
1984 
1982 

ZB S BG'S'/LUKS GO 
Timgad 
Mesoaria 

Egypt 
1984 
1979 

Karpasia 
Sohag I 

1988 Sohag II 

Greece 1982 
Beni Suef 
Selas 

1983 
1984 

Sapfo 
Skiti 

1985 Samos 

Jordan 
1985 
1988 

Syros 
Korifla = Petra 

1988 Cham 1 = Muru 
1988 N-432 = Amra 

Lebanon 
1988 
1987 

Stsork = ACSAD 
Belikh 2 

75 

Libya 1985 Marjawi 
Ghuodwa 
Zorda 
Baraka 
Qara 

Morocco 1984 
Fazan 
Marzak 

Pakistan 1985 Wadhanak 
Portugal 1983 Celta 

1984 
Tiirpanas 
Castico 

Saudi Arabia 
1985 
1987 

Heluio 
Cham 1 

Spain 1983 Mexa 
1885 Nuna 

Syria 1984 Chai 1 
1987 ClAam 3 

Tunisia 1987 
Bohouth 5 
Razzak 

Turkey 1984 Susf bird 
1985 Balcili 
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Table 1. (cort'd) 

Bread I eat 

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 	 LO.ros 
Pinios 
Aradithos
 

Iran 1986 	 Golestan 
Azadi 

1988 	 Darab
 
SaludanQuds 

Jordan 1988 	 Nasma = Jubeiha
 
L83 = Rabba 

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 Cam 2 

1986 Cham 4 
19q7 	 Bhouth 4 

Tunisia 1987 	 Byrsa
 
Yemen AR 1983 	 Marib 1 

1987 Mukhtar
 
1988 Aziz
 
1988 Ihurnan 

Yemen POR 1983 Ahgaf 
1988 SW/83/2 
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2.1. Barley Breeding 

Barley is the most important cereal crop in unfavorableenvironments. In developing countries it is grown on about 17 millionha, of which 75% are in West Asia 	and North Africa (WANA). Accordingto "Agriculture: Towards 2000", it is expected that WANA will becharacterized by a gradual shift from direct to indirect consumption ofcereals. As a consequence while the demand of cereals for food willincrease 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 areaplanted to 1-rley will still be in environments where insufficientmoisture is ti.e main limiting factor. An additional 25% of barleyhectarage will be planted where e:cessive 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 beattained. The relatively favorable area now contributes almost 33% of
the total barley production in WANA (Table 3), and by the year 2000 isexpected to contribute more than 37%.

Outside of WANA barley is an important crop in the Andean Regionof Latin America, in the Himalayan countries, in the Indian
subcontinent, in China and Korea. In all 	 those countries barley ismostly grown for human consumption. In Latin America, barley ofis one
the few crops adapted to cultivation in the extensive highlands of theSierra. It has considerable frost tolerance and is adapted highaltitudes and poor soils. In the 

to 
Sierra, barley is grown by poorsubsistence level farmers and is utilized as a basic food staple bytheir families. Barley contributes 20% of the total caloric intake ofthese people, second only to potatoes (21%), as shown in some Peruvian 

economic surveys.

The overall objectives of the barley improvement project are:
increase barley production and to assist the 	

to 
national programs in WANA
and beyond. To achieve these objectives two major approaches 
 are 

followed: 

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

2. 	 Continuous streigthening of research capabilities of national 
programs (NAPS).
 

The two approaches are complementary to each other, and dependingon the status of the barley research in different countries, differentcambinations of both approaches are often needed. We expect that, as
national program will become more self-reliant, our assistance andinteraction will be oriented towards the transfer of methodologies andthe development of increasingly specific germplasm. During 1987/88 webegan to modify our interaction with national programs including thoseof Syria, Morocco, Pakistan and Ethiopia by encouraging the development
of national barley breeding programs. 
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Table 2. 	 Barley Area (1000 ha) in WANA in 1983 and in 2000 (Fran: 
"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 production (1006 t) in WAN? in 1983 and in 2000. 

Agroecological Vo. of Growing 1983 2000 
zones* 	 Days Prod. % Prod. 

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

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

To cope with the diversity of environmental conditions where 
barley is grown, the barley improvement project aims at technology 
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 
genmplasm and methodologies. 

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

1) Performance of barley germplasm within and outside WNA. 
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.
 

1. Performanoe of barley germplasn 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 moderate rainfall areas was 3% lower than the long-term
check (Beecher) in 1985/86 and was 5% higher in 1986/87 (Table 4). This 
indicates that a larger number of lines possess a higher yield
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
yield 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, Egypt, 
Greece and Pakistan. 

In addition to the lines shown in Tables 4 and 5 a number of other 
lines outyielded the national check. A sunmary 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 au -as is larger than the nunber of lines outyielding
the national check in low rainfall envirorments. It should be noted 
that a number of lines performed well outside the WANA region, in 
countries such as China ar Korea. 

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

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

As46/Aths*2 
Sel, 2L-IAP-3AP-2AP-lIAP-IAP 4286 5448 

CI 08887/CI 5761 
 - 5399
 
SEA, 0013-24S-3S-OS
 

Iris/Nopal'S' 3819 5037
 
C4B 77A-0056-1AP-OAP
 

Lng-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-IA-OA 

Roho/Mazurka 	 3387 
 4431
 
ICB77-0170-1AP-IAP-OAP 

Roho/Mazurka 	 3436 
 4440
 

ICB77-0170-4AP-lAP-3AP-AP-AP 

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 
outyielded significantly the national check in 1986/1987. 

Country Number of 
locations 


Algeria 3 

Egypt 4 


Lybia 1 
Morocco 2 
Tunisia 1 
Iraq 1 
Iran 2 

Jordan 1 

Lebanon 3 
Syria 3 
Turkey 1 
Korea 1 
Pakistan 3 

Ethicpia 2 

* Excludng the checks. 

Number Best line(s) 
of lines Cross 

13 As46/Athl*2 
CI 08887/CI 5761 

9 Soufara-03 
As46/AthL*2 

2 Cmp. Cr. 229//As46/Pro 
2 CI 08887/CI 5761 
1 
1 M64-76/BorV/Jo/York.. 
7 Lth/3/Ncpal'S'//Pro/11012-2 

W12291/4/11012-2/70-22425/.. 
9 CI 08887/CI 5761

Og/Qm//Apm/3/12410/4/ 
6 to 

20 As46/Aths*2 
1 " 

11 Iris/Noal'S' 
13 Soufara-03 

As46/Aths*2 
Harma-01 

6 Iris/Nopal'S' 

Pedigree
 

Sel, 2L-1AP-3AP-2AP-AP,-0AP 
SEA-0013-24S-3S-OS 

Sel, 2L-IAP-3AP-2AP-I7!.-0AP 
ICB78-0752-lAP-lAP-OAP 
SEA-0013-24S-3S-OS 

CKSWB-77A-0164-2AP-0AP 
CMSWB-7 8A-0044-3AP-7AP--OAP 
ICB78-0035-lAP-OAP
 
SEA-0013-24S-3S-OS 

it
 
Sel, 2L-IAP-3AP-2AP-1AP-OAP 

"
 

CMB 77A-0065-lAP-AP 
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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 Cross Pedigree
 

Algeria 1 2 W12291/WI 2269 ICB78-0594-8AP-IAP-0AP 
Egypt 3 5 Roho/Mazurka ICB77-0170-1AP-IAP-0AP 
Mcrocco 5 10 M25-84/Akiki CYB-0165-14A-2A-IA-0A 

WI 2269 
Iran 3 3 Harmal-04 

Mr25-84/Akiki CYB-0165-14A-2A-A-0A
 
Jordan 1 1 Mr25-84/Akiki

Syria 4 5 Mr25-84/Akiki
 

Roho/Mazurka ICb77-0170-1AP-IAP-0AP
 
China 1 1 Deir Alla 106/Cel ICB77-0091-4AP-0AP
 
Pakistan 3 2 Roho/Mazurka ICB77-0170-1AP-1AP-0AP
 

* Excludirj the checks. 

2. Evaluaticn and develcpment of 	genrplasn. 

The type of gernplasm evaluated during 1987/88 at the Aleppo-based

project 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*, Atha)assa, 

Terbol, Merchouch, Le Kef, Perugia
Crossing 	Blocks 940 Bouider, Tel Hadya, Athalassa

Observation Nurseries 308 	 Bouider, Tel Hadya, Athalassa, Terbol, 
Perugia, Catania

Regional 	Yield Trials 60 	 Bouider, Brcda, Tel Hadya, Athalassa, 
Terbol, Perugia, Catania 

* two 	planting dates. 
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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 nmber 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 minimum teneratures
ranging from -7.4 0 C at Tel Hadya to -11.5 0 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 lines by
information generated by late planting (April 16, ].988) Hadya.at Tel 
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 number 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 ws further improved by
delaying the planting date to April 16. Frthermore, 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 
crosses. 

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. 

e) 	 we started to implement a system by which in the near future w will 
have a full selection history for each line reaching the advanced 
yield 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 
,jor 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 lines possessinga high expression of a given character as parental material. 
or 	specific groups within the nursery, 

Thenursery, will be distributed upon request. The composition of the nursery will be changed as 	newgenotypes with better expression of a particular character become 
available. 

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

a) 	The improved characterization of photoperiod response and
vernalization requirement
 

b) 	 The identification of genotypes combining 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 tophotoperiod (R) and vernalization requirement (VR) is an importantstep in tailoring breeding material for specific agroecological zones.The aim of this characterization is to know both pR and VR beforepromoting genotypes to international nurseries, rather than to selectfor Photoperiod insensitivity and types.spring National programslocated in high elevation with continental type climate inof or dryareas with cold winters can usefully exploit the pbotoperiod sensitive
and winter types germplasm pool.

Barley is a quantitative long day species (responding to shortnights) which is affected by short-day-vernalization, and therefore theassessment of PR can be done only in 	 relative terms unless a specificevaluation is conducted covering a wide range of photoperiods.
Our preliminary information on PR 	and VR of lines evaluated in theAdvanced Yield wasTrials derived from the late planting (April 16,1988) at 	Tel Hadya, and from Ciano (Mexico) at 27) 29'latitude. Meantemperatures at Tel Hadya after April 16 were never below 90 C andtherefore genotypes with some degrees of VR were not expected to head.At 	Ciano there are about 35 days with minimum temperatures below 50 Cwith an absolute minimum of -10 C (H. Vivar, pers. communication) andtherefore genotypes with VR are expected to head unless they have somedegree of photoperiOd sensitivity. The comparison of days to 	headingbetween Tel Hadya late planting and Ciano was used to classifyadvanced barley lines into four groups (Table 9). 

the 

Within the limitations of this classification it was found (Table10) 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 lines in relation to 
photoperiod response (PR) and vernalization requirement (VR). 

Heading at
 
PR VR Tel Hadya late planting(l) Ciano(2)
 

Insensitive - Early 	 Early

Insensitive + Late 	 Early
Sensitive - Early Late
 
Sensitive + Late 
 Late 

(1) 	 Late 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 conditions (n=] 12). 

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 is no evidence that the use of
Bouider as a selection site for stress conditions, might alter the 
composition of ICARDA's barley genmplasm towards types that are 
photoperiod sensitive and require verrlization. 

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 vernalization requirement. In environments with 
cold winters and terminal drought stress, genotypes ombining a 
prostrate growth habit and early heading could have an advantage. A 
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prostrate growth habit, if associa-ed with early growth vigour, would
allow a rapid ground cover and corsequent reduction of the amount of 
water lost iby evaporation, while early he-.ding would ensure a drought 
escape mechanism. 

In the 1987/88 we identified 10 ',enotypes (three in the Advanced
Yield Trials, and 7 in the Initidl Yield Tiials) that ccmbined 
prostrate 	growth nabit and early heading (Table 11) when 	 compared with 
the prostrate landraoe 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(l) Vigour(l) tolerance(l)
 

2BAT-UfNES 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 tolerant) -5 = prostrate (or poor
vigour, or cold susceptible). 

The three lines identified in the Advanced Yield Trials (0.8%,
also had a growth viqour 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) and
Holetta (Ethiopia, 90 latitude) indicating that they are photoperiod
insensitive and do not require vernalization. The seven lines
 
identified in the Initial Yield Trials had a better(0.4%) 	 growth
habit-earliness combination and were close to A. 	Aswad for both growth
vigoui 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 resistance. Four of these
lines were included in the Barley Crossing Block for 1989 and have
already been used to produce 30 F1 during 1987/88. F2 segregating
populations derived 	from those crosses will be artificially inoculated
 
at Tel Hadya and 	 also grown in a "hot spot" in Moroxo to increase the 
frequency 	of BYDV resistant plants with different genetic background.
 



18
 

2. 	 Breeding for moderate rainfall areas 

Breeding barley for moderate rainfall areas has four major 
couponents: 

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 
environmental 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 BYUV is also practiced whenever it's 
possible. 

Plans for breeding for insect resistance, in cooperation with the 
cereal entomologist, 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 F3 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.
 

So, ld 

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 families (Fig. 4) which wereF3 
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 F3 families to 
scald. 

cross Pedigree 

ID/(467//Asse/Nacta/3/As4 6,/Aths*2 ICB05-0042-2AP 
Bal. 16/Mq/3/M67-18/M414//Ds/Apro/4/ 

Iris/5/ROD586/Nopal ' s' ICB85-0064-4AP 
Cr ll5/Por//DeirAlla 106/3/As46/Aths*2 ICB85-0068-3AP 
Cr. ll5/Por//DeirAlla 106/3/Matnan-05 ICB85-0071-2AP 
Cr. 115/Por//Deir Alla 106/3/Matnan-05 ICB85-0071-3AP 
Corp.Cr. 229//As46/Pro/3/Arar ICB85-0157-1AP 
Giza 121/CI 06248/4/Apm/IC65//11012-2/3/ 

Api/C467//Ds/Apro/5/Aths ICB85-0177-2AP
 
Api/C467//Mona/3/DI//Asse/C465-IW-B/4/
 

Assala-02 ICB85-0225-2AP
 
Arabi Aw-ad/3/OP/Zy//Alger/Union, 385-2-2 ICB85-0261-1AP
 
Arabi Aswad/3/OP/Zy//alger/Union, 385-2-2 ICB85-0261-2AP
 
Arabi aswad/3/OP/Zy//Alger/Union, 385-2-2 ICB85-0261-4AP
 
MD Atl/cnm59-3w-B//Arar ICB85-0582-2AP
 
Arar/PRmane-03 ICB85-0624-1AP
 
Arar/R0hane-O1 ICB85-0636-3AP
 
Cbg (CI 10114)/Bongie//Arar ICB85-0818-4AP
 
Badia/4/ID601810/Julia/n/3/Mich62-20-44/
 

CI 02274/5/Badia//C467/Gva ICB85-1144-2AP
 
Aths/As46 ICB85-1224-IAP
 
Rihane-03/4/Lth/3/Nopal//Pro/1l012-2 ICB85-1323-IAP
 
Arar//Bc/Bgs ICB85-1595-3AP
 
Arar/3/Cip.Cr.229//As46/Pro ICB85-1601-3AP
 
Arar/3/C p.Cr.229//As46/Pro ICB85-1601-4AP
 
Arar/6/Cq/CM//Apim/3/Egypt 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 t-he best 
yielding lines in Cyprus show same 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 
yielding are included in the crossing block to upgrade disease
 
resistance (Table 16).
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Fig. 1. Reaction to powdery mildew of the advanced yield trials (360entries). 
 Data collected in the greenhouse at Tel Hadya.
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Fig. 2. Reaction to powdery mildew of F3 families (2308 families) at 
Tel Hadya. 
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Fig. 3. Reaction to scald of the advanced yield trials (360 entries) 
at Tel Hadya 
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Fig. 4. Reaction to scald of the F3 families (2308 families) as 
grouped by maturity. Tel Hadya.
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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 (JN) 145 40 

Scald (SC) Tel Hadya (IH) & TUN 75 21 

Net blotch (NB) Cyprus 1 & Cyprus 2 (CYI&CY2) & TUN 103 29 

PM GH, 1, CYI, CY2, & TUN 97 27 

SC GH, Breda, CYI, CY2, & IN 56 16 

PM & SC All locations 7 2 

PM!& 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 fran the 
KLDN (%of the selected lines with a score of 3 or ?ess 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 fran the advanced yield trials. 

Cross 	 Pedigree 

Arizona 5908/Aths/Lignee 640 	 ICB81-0210-AP-9AP-OAP 

Arizona 5908/Aths//Asse/3/F208-74 ICB82-1287-3AP-4AP-OAP 

Lignee 527/Sawsar//Bc 	 ICB82-0426-OSH-AP-OAp 

Lignee 527/Arar 	 ICB82-0850-7AP-oAP 

Emir/Harmal 	 ICB83-0835-3AP-OAP 

Mo.B1337/WI2291 	 ICB81-2606-2AP-OAP-OAP 

ER/Apm//AC253 	 ICB82-0707-2AP-OAP 

]Lgnee 640/Harma-01 	 ICB82-0862-1OAP-OAP 

5604/1025//Arabi Abiad /3/Harmal-02 ICB82-0617-5AP-OAP
 

Lignee 1242/Harmal-02 	 ICB82-0757-10AP-OAP 

Lignee 527/Badia//Alg.1179 El.973/3/
 

Lignee 527/Sawsan//Bc 	 ICB83-1038-10AP-O
 

AteaVoo//Katade 	 ICB82-0557-6AP-OSH-OAP 

Table 16. 	 List of the selected lines fran the advanced yield trials 
with resistance to powery mildew, scald and net blotch. 

Cross 	 Pedigree 

ER/Api//Lignee 131 ICB82-0702-1OAP-4AP-OAP 
W12198/lignee 131 ICB82-0832-3AP-3AP-OAP 
Lignee 640/Harna-01 	 ICB82-0862-1OAp-OAp

At/Rcho//Katade ICB82-0557-6AP-OSH-OAP 
Lignee 640/Lignee 527 ICB81-0628-OSH-2AII-OAP-W 
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Diseases and yield performance of selected parents 

Thirty lines were selected from the Key Locations DiseaseNursery (see Pathology Section) to be included in the crossing blockfor upgrading disease resistance of the barley germplasm. Both thedisease performance and yield levels were considered during theselection of these parents. Powdery mildew data were collected fromthe greenhouse and the field at Tel Hadya, from two locations inCyprus, and from Tunisia. Scald data were collected from Tel Hadya,Breda, two locations in Cyprus, and Tunisia. Net blotch data werecollected 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 avisual selection). Among these lines, 74% had a yield equal to orsuperior to that of Rihane-03 in at least one location. Seventeen
percent prucxiced as much as or better than Ribane-03 in two locations. 

Breeding for lodging resistance 

One of the major problems of the barley production underrelatively favorable growing conditions is lodging. Stiff straw andshort stature are the two major traits used to breed for lodging
resistance. Both theseof traits can affect straw feeding qualityand/or total biomass production, and therefore these two traits need tobe manipulated taking into account the value of barley straw to farmersin 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 F2 families in 1988/89. The Advanced 
 Yield
Trials were also screened for lodgiq resistance in both Tel Hadya andMorocco and the lines for the obsprvation nursery for the moderaterainfall 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 thesuccess or the failure of a new variety. High yielding lines shouldalways make a sizeable component of parental stocks. Selection forhigh biological yields and high harvest indices, or selection for
higher biological yields while maintaining harvest indices constantwill result in higher grain and straw yields. For 1988/89, 15% of theF families are labelled as high biomass families. Efforts were madeto combine high tillering capacity with lodging resistance. Also 33%of the F2 families are labelled as having high yield potential, diseaseresistance, mainly against powdery mildew and scald, and goodadaptation. These families resualted from crosses between selectedlines from the international nurseries for high yield capacity across awide range of environments and the disease resistant parents (selected
from KLDN). 



25 

Breeding for short term fluctuations in environmental conditions 

Moderate-rainfall areas have a less variable rainfall pattern than 
drier areas. However, there are always chances of having fluctuations 
in the environmental 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 view, 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 environments (Rihane-03, EP/Apm, Assala-04 and 
Ar46/Aths*2) were used in crosses to try to incoporate tolerance to 
short term fluctuations in the environment. This is based on the idea 
that these lines, given the wide range of environments to which they 
were exposed, must have experienced some stress at certain stages of 
their deve2lopment. 

The Rihane story 

Rihane-03, a well performing barley line across different 
environments, Las been evaluated on on-farm yield trials in Syria for 
three years (Table 17) and has proved to be an outstarrling line. In 
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 second 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. Zahaw 
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3. Breeding for low rainfall areas 

The major Objective in breeding for lo' rainfall areas is tostabilize yield in those environments where bar. -v is the only possiblecrop, and where barley planted in conjunction with livestock husbrdry
(mainly small ruminants) is the major anl often only possible fanning
system.

Two main breeding methods are being used in this cqonent: thebulk-pedigree method handle improvedto x improved, improvedlandraces and landraces x landraces crosses, and pure line selection
within landraces. In addition we are also theevaluating r-)le ofmixtures to assess the role of genetic heterogeneity as a ;enetic
mechanism to stabilize grain yield cver time.


Three major sources of germplamn are being used, namely improvedgenetic material, local landraces and Hordeum vul ssp. spontaneum(= Hordeu M e) The results of the 1987/88 season will be
summarized under the followigr headings: 

a) Effect of selection under dry conditions on yield potential,
b) Evaluation and utilization of landraces,

c) Evaluation and utilization of Hordeum spontaneum germplasm. 

Effect of selection under dry conditions on yield potential 

Results obtained during the previous three cropping seasons haveindicated that yield potential (defined as yield in a nonstresseizvironment) is a poor selection criterion to identify useful germplasm
for stress &nvironments. This applies to other crops such as durumwheat (Nachit, in press) and pearl millet (Bidinger et al., 1987).

The unusually high rainfall during 1987-88 offered the possibilityof further verifying this finding by analyzing the yield potential ofbarley 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 thehighest average yield in Cyprus (5008 kg/ha), and the loest 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
 

Bouilder 
 2910 e 
 964-4686
 
Tel Hadya 4388 b 
 2403-6849

CY-pus 
 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 8220 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 comparison between those lines in the advarKxd yield
trials that were selected in 1986/87 on the ba-is 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 (kw/ha) at 
lines Tel Hadva 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 4905 2830-6848 4970 1948-8120
 
Top 5% for grain 18 6084 5828-6849 7445 7112-8120
 
yield in 1988
 

Best check* 5446 5678
 
Population mean 360 4388 2402-6849 5008 1928-8120
 

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

The lines selected at Boulder in 1987 had a wide range of grain
yield 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 Boulder during 1986/87, about 30% yielded more than 5t/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, some of lines selected in 1987 for 
earliness had the highest grain yields at either Tel Hadya (where they
escaped the effect of hot winds during grain filling) or Cyprus during 
1987/88. The pedigree of the lines which were selected at Boulder in 
1986/87 and where among the top yielders in Cyprus in 1987/88 is given
in Table 21 together with their grain yield ccapared with three 
improved checks. 

These results indicate that selection for grain yield under severe 
stress and for early heading does not necessarily reduce yield
potential. Because of the climate during 1987/88 it was not possible 
to assess the actual performance under stress conditions of the lines 
selected at Bouider 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 Hadva 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 
IC7381-0642-10AP-5AP-OAP 

Harmal-02/Arabi Abiad 7876 Winter 
ICB82-I022-3AP-OSH-OAP 

Harmal-02/3/OP/Zy//Alger/Union, 385-2-2 7172 Winter 
ICB83-1552-OAP 

Bant.L 025/Arabi Abiad//Iris/CI 01507 7234 Spring 
ICB82-0313-4AP-0AP 

Imipala/Julia//Api 7389 Spring 
ICB78-I085-2AP-2AP-lAP-2AP-0AP 

Rcho/Arabi Abiad 7109 Winter 
ICB81-043I-lAP-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 with locally adapted cultivars which might be used by national 
programs with their own adapted gernplasm. 
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Iandraces are still widely grown in many dry areas where theyappear to be well adapted to loca] 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 Syria:' 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. Infact a large diversity was observed both between and within collection
sites for morphological characteristic (Ceccarelli et al., 1987) and 
for disease resistance (van Leur et al.).

The information generated led to proposals on how to utilizeadapted gernplasm in a breeding program in different ways, (Ceccarelli,
1994): 

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

2) 	utilization of su-LPzor lines as parents in the crossing program

to introduce additional desirable characters in an adapted genetic
badkground, 

3) 	 evaluation of multi-lines built with a variable number of pure
lines to achieve a better understanding of relationship between
genetic heterogeneity 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 iorpho-physiological traits
in a given combination with other traits, in stress environments. 

All the four approaches have been impleaented during the last four
 
years, although the first meaningful results of the multiline approach

will be available only at the end of 1989.
 

The first approach is obviously the quickest way to utilizereadily available genetic diversity and to identify superior genotypes
for stressful environments. An example of the potential of tLisapproach is given by Tadmor, a pure line selected from a sample
collected at Taibe, near Palmyra. Table 22 summarizes the results of
three years testing in the on farm verification trials in the third
stability zone of Syria (< 250 mn annual rainfall) where Tadmor has
outyielded A. Aswad espcially under highly 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 ompared with Arabi Aswad. 

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

Tadmor 2206 866 1536 2459 1748
 

Arabi Aswad 1941 798 1370 2430 1665
 

L.S.D. 0.05 142 ns 119 ns ns
 

Since the results generated from the evaluation of a small sanple
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 from 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 173 372
 
- Advanced Yield trials 87 8
 

Utilization in crosses
 
- Crosses 86 168 682
 
- F1 62 86 168 682
 
- F2 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 unusually high rainfall in 1987/88 exerted a 
negative effect on the work for low rainfall area. Therefore only 
results on cold tolerance and 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 
gernplasm (Barley Preliminary Yield Trials-Bouider 1988), 

Type of 	 No. Frequency of cold 
genrplasm 	 tolerant lines* 

Ilnproved 	 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 fron 1.0 to a maximum of 3.8, while the 
improved germplasm was in general more cold susoeptible with an avera 
soore of 3.0. 

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

Cold daMQe
Material 	 n Mean Range 

Inproved 1041 3.0 	 1.0-5.0 
Lanraces 609 1.8 1.0-3.8 

Rihaie-03 	 2.8 
Harmal 
 2.9
 
A. Aswad 	 1.4 
A. Abiad 	 1.5 

Landiaces collected in Syria had a higher level of cold toleraxo 
(Table 26) than Jordanian landraoes. 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 landraoes 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 2andraces are evaluated as
populations, but not when single lines extracted from laniraces are 
evaluated.
 

Yield data from the Preliminary Yield Trials (Table 27) and the 
Initial Yield Trials (Table 28) indicate that the average yield of 
landraces as group 	 was lowvr than the grain yield of conventional 
gernplasm, 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 landraoces 
collected frm different areas of Syria and from 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 -.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 Hadva Bouider

Material n Mean Range Mean Pange 

Improved 272 4132 763-5934 3099 973-5272
 
Landraces 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
landraoes in the barley initial yield trials at Tel Hadya and 
Breda, 1987-88. 

Tel Hadva 	 Breda
Material n Mean Range Mean Range 

Improved 1041 	 455-7852
4388 	 3151 845-6584

Iardraces 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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Evaluation and Utilization of Hordeum vulcare sep. s 

Hordeum vulg ssp. spontaneum is the wild progenitor of 
cultivated barley. In barley breeding the use of the species as staie 
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 might 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 
geneti,. variation for drought resistance mechanisms. Since - large
variability for a series of characters has been fouir beitween as well 
as within accessions, the use of the already available collections of 
H. spontaeum should go through the following steps: 

1) extraction of pure lines, 
2) evaluation of pure lines for agrononically useful 

characters and idontification of premising genotypes, 
3) use of selected lines in crosses with cultivated barley, 
4) utilization of segreating populations in conventional or 

non conventional methods. 

A collection of 215 lines (5 lines fi.r ear-h of 43 accessions of 
H. saontane ws evaluated under controlled conditions for the 
following char-.ters: coleoptile length, number of seminal roots, 
maximum length of seminal roots. A large variability was cbserved for 
these characters (Table 29).
 

Table 29. 	 Some morphological differences between Lordeum uare and 
Hordeum spontaneum 

Characters H. spontaneum (n=215) H. vulare (n 10)= 
-ean Range Mean Range 

Coleoptile length(mm) 58.9 40.0- 81.7 58.8 46.4- 69.2
 
Root number 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 importance of a long coleoptile has been reported by Acevedo 
(1986) and it is interesting to note that although the average
coleoptile length of H. spontaneum does not differ fron cultivated 
barly, there were lines of H. spontaneum with very lor co] eq*tiles (up 
to a maximn of 81.7 m). 

H. spontaneum had less and longer seminal roots than cultivated 
barley. It is known that manipulation of the root system has also been
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proposed 	 as a possible avenue in breeding for tolerance to severe
moisture 	 stress. barley in other cerealsIn as 	 seminal roots are
responsible for the initial absorption of moisture and may function
throughout the life of the plants. Under drought or other stress
conditions the adventitious roots often do not develop and plants may
reacl maturity growing only on their seminal roots. Passioura (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. 
s e 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
spacijg, 2.5 m long, using a simple lattice design 8 x 8 (55 lines + 9
H. vulg checks) with two replications. Dta were recorded for the
following characters: cold damage, growth vigour, days to heading, culm
length, peduncle length, peduncle extrusion, straw yield, and 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. In general
H. spontaneum had lower early growth vigour than cultivated barley,
although lines with good growth vigour were also 	present. Earliness
evaluated a&- days from sowing to spike extrusion indicates that on 
average 1H. spontanem did not differ from H. vulqare, 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
conditions 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 vulqar and Hordeum spontaneum 
(Bouider 1987/88). 

Characters H. spontaneum (n=55) H. vulq (n = 9)* Best
 
Mean Range Mean Range H.v
 

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 Tadmur 
Days to heading 141.8 	 141.1
131.5- 152.5 138.5- 145.5 Harmal
 
Peduncle length 44.2 
 32.8- 50.3 23.5 20.3- 32.1 Rihane-03
 
Peduncle extru. 18.4 26.3 1.0-8.2- 4.4 
 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- A. Abiad4.7 


* 	 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), some 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 . sn e 

S. 	 Grando 

4. Breeding for high elevations at low latitudes 

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

Large-scale barley producers in Ecuador and Colcubia 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 cost 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 diseases ilto barley gentplasm: 
stern, leaf, and stripe rusts, scald, net blotch, and barley yellow 
dwarf virus (BYUV). 

The introduction of multiple 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 ard Bolivia, two countries of the Andean Region, 
are yield-testing promisinrg barley lines that showed multiple disease 
resistance in national trials. 

Preliminary results in Ecuador showed that three sister lines 
originated from the cross, Lignee 640/KIber//Teran (LI/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/Kber/Teran (I/K//T) lines clearly 
sho-s major aspects of the methodology used in the program: 

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

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

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

4. 	 combination of high yield and multiple disease resistance with 
tolerance to acid soils, 
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5. 	 close cooperatioi with national programs. The lines were selected 
as F5 by Ecuadorian barley workers from gernplasm sent fron 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 geniplasm. 

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 are selected.rust 	 These plants are then
planted during the sunmer cycle where plants resistanit 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/CIMMYr Program because they have found that the disease
resistance in the germplasm has solved their particular problem. A 
couple of examples illustrate this. 

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

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

Most encouraging, however, are the results obtained by national
barley workers, who reported on the yield performance of some 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 fran ICARDA/CIMMYr, Mexico. 

Disease combination No. resistant lines 

Three Diseases:
 
PG - PS - PH 
 543 
PG PS RS 
 227
 
PG PS PT 	 111 

Four Diseases:
 
PG PS PH RS 
 210
 
PG PS PH Fi 108
 
PG PS RS i 52
 
PG PH FS T 77
 

Five Diseases:
 
PG + PS -	 PH - RS - p 44 

PG = Puccinia qraminis
 
PS = P. striiformis
 
PH = P. hordei
 
RS = Rhynchosporium secalis
 
PT = Pymgn ora teres
 

Table 32. 	 Yield performance of Gloria/Copal "S" lines in the 9th IBYT 
as compared to national checks during 1987.
 

Country 	 Yield (t/ha)

Gloria/Copal Local Check: Nane 

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 Iar 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 at direct 
intrdictions. Selectiors were made in segregating generations and 
sent directl' by the Prograin. 

Pakistan Jau-87
 
Peru Nana 87, Una 87
 
Thailand Saman 1, cd 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 enh ± >,)arley adoption 

Hul-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, F6 s with large, white kernels and thousand-kernel weights up to 
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. DrmWetBedn 

The durum wheat (Triticum turi L. var durun) 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 objective of the project is to assist WANA countries to enhance 
durum wheat production by developing inproved gernplasm, improving 
crop management, upgrading of manpower capabilities and developing 
efficient research methodologies. Four major agroclimatic zones were 
identified to meet the needs 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 abiotic stresses, whoat stem sawfly infestations were very 
high in the Middle East, while Hessian fly, septoria and leaf rust 
occurred in Morocco and the We-stern parts of Algeria. 

Notable progress in increasing dryland 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, and Belikh 2 in Lebanon. 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 Kibir 1 are under large scale testing. 

Breeding Methodologies 

a) Bitadening the genetic base of dun= 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
 

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

Utilization of wild enmer
 

One hundred fifty six crosses were made between wild enmer (T. 
dicccides) and durum wheat for improving nutritional quality, 
resistance to yellow rust and septoria tritici. Back crossing to durum
 
wheat was done to suppress undesirable traits.
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Utilization of wheat relatives 

Several crosses with T. T.monococoun, aecilopoides, T. carthlicum T.uranicum, T. comactum, T. beocticunm, T. and ersicu T. 

were made.
 

Recurrent selection population 

A poplation using the recurrent selection method was established.is conprised of parental material with high yield 
It 

stability, and
multi-biotic and abiotic stress resistance.
 

b) Genetic studies
 

Vitreousness 

The estimate for heritability of vitreousness was mderate (0.4890.097). 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 Agricultureof the University of Amman, Jcrdan. Results indicate that charactersstudied in x wheatdicoccoides durum crosses are quantitativelyinherited and influenced by both additive and non-additive geneaction. Transgressive segregation was also observed for kernel weight.Eroad sense heritabilities were estimated for fertile tilleringability (0.78 to 0.93), thousand kernel weight (0.74 to 0.94) andprotein content (0.24 to 0.82). Crosses derived from dicoccoides xdurum wheat show high grain protein content and a high number of 
fertile tillers. 

c) Gradient selection
 

A cluster analysis of testing sites supports the use of doublegradient (moisture, temperature) selection technique developed in thedurum wheat project (ref. previous annual reports). Table 33 showsthe distribution of gradient sitesdouble testing in the differentclusters. Early planting enviroment has clustered with group 1, whilelate planting and Breda clustered with group 2 where moisture stressand terminal stresses predominate. Terbol station clustered with thehigh yielding environment. Tel rainfedHadya normal planting wasgrouped with sites having continental climatic conditions. 

d) Hapioid breeding 

Crosses with bread wheat cytoplasm, Aeqilops and T. dicoccoides wereconducted for future study on reeneration 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).
 

III 	 Farobroman (Iran), Cassacia (Italy), Terbol, (Ldbarx)
Bajadoz (Spain), Obregon (Mexico), Izmir (Turkey), S. 
Bel Abbes (Algeria), Moushker (Jordan), Viterbo (Italy)
&anta Engracia (Spain), Hohenheim (Gerinay). 

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

V 	 Yhroub (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 septorid tritici, 56 for connon 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 Lattakia 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 levels. 
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
lardraces and dicoccoides into advanced durum wheat genrmlasm. 
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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. 

Breedinr 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 wheatresistant 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 stern sawfly under natural infestations at Breda.
Resistanc! to wheat stem sawfly is apparently not confined to stem
solidness in durum wheat. However, reveral durum wheat landraces from
Morocco were found to possess solid stems and are used in thenow
crossing program for wheat stems sawfly resistance. Incorporation of
resistance to wheat stern sawfly from different sources and with
different resistance mechanisms are combined 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 ICAPDA's base breeding

programs are still lacking. Sites at Lattakia and Terbol 
are presently
in use. 

Abiotic 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 ICARDIA's dry site research stations (Breda andBouider) 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% comipared with 1986/87, and was more than double the
normal at Bouider (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 (m) at Breda for 3 
consecutive seasons. 



43 

Table 34. 	 Grain yield (kg/ha) of durum wheat in 
advanced durum yield trials (ADYT) at Breda 
for 3 years (1986, 1987, and 1988).
 

Season Rainfall 
(rnm) 

Grain 
ADYT 

Yield(ka/ha) 
Haurani 

Mean Max. 

1985/86 218 1224 1697 1014
 
1986/87 145 1127 2500 1066
 
1987/88 408 3608 4372 3026
 

The line On Rabi 17 was identified in 1986/87 for its good
performance under 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 conditions 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 iTm 

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

By comparing the water use efficiency (WJE) of the stress tolerant
high yielding lines, the stress tolerant nursery 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/m, the 67% above 
normal precipitation in 1987/88 resulted in an increase of 3 kg per n 
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water for Haurani while in the case of the stress tolerance nursery itwas 4.2 kg/mn, and in the stress tolerant and highest yielding lines,
it was 4.6 kg/mm.

The percentage of selection gain in WUE wait 28.6% for the stresstolerance nursery and 34.8% for the highest yielding entries uryIer dryconditions. Input responsiveness and stress tolerance are iportantcOuponents of varietal development for the lcxi rainfall dunwn wheat areas of the Maghreb and Middle East region.
Table 36 shows the successful combination of stress toleranceinput responsiveness. Both Mrb 17 and Dakd combine higher stress

and 

tolexance with yield potential. 

Table 36. Grain yield (kg/ha) and 'stability' of newly
developed durum 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 ofdurum wheat grain yield under moisture stressed conditions. Itaccounted for 32.3% (Breda) and 24.2% (Bouider) of the variability ingrain 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 headingwere insignificant. However, grain yield was associated to plantheight, length of the peduncle and early plant vigour and accounted for6.0, 6.6% and 2.2%, respectively. The Bouider nursery sufferedmoisture stress at anthesis, and the 
from 

Breda Nursery from highevapotranspiration following anthesis.
 
The breeding methodology, developed for moisture stress breedingis now paying dividends not only reflected in identification of durumwheat genotypes with high stress tolerance and good performance for thelow rainfall areas of West Asia, but also for the Maghreb region,particularly Algeria (Fig. Future5). research activities in thisareas will continue to upgrade drought tolerance through further use ofdurum 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


Durum wheat grown in some areas of 9ANA this 
season were exposedto high temperature during the grain filling period, particularly inTunisia and West Asia. Although the 1987/88 season was favorable inprecipitation in the West Asia (partirularly Syria) yields were average
to below average. The causes for tilis may be the occurrence of high
temperatures during the grain filling period. However, it was alsocserved that nitrogen fertilization was not adjusted to the favorable 
rainfall conditiors. 

Intermittent high temperature during growing alsothe season
increased water stress. This phenomena is found in wheat areas withlittoral climate and other areas with mild winters. Wheat grown onlight textured soils and/or without fallow is particularly prone to 
Moisture and highi temperature stress. 
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The durum wheat project has developed a testing techniques for 
heat, high evapotranspiration and premature desiccation stresses. 
Selection for heat is conducted under sLmrer planting techniques at 
Terbol where maximum temperatures are above 30 0 C and minimum 
temperatures do not go below 20 °C during the vegetative growth. Late 
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 uonditions when soil 
moisture is rapidly depleted.

Results achieved through late planting and heat tolerance 
screening are high-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 % 

Nursery 	mean 
 888 161 1297 222
 
Highest yielding lines (5%) 1172 213 1738 298
 
Maximum yield 1548 281 1850 317
 

Checks: 	Haurani 550 100 583 I00 
Cham 1 765 139 1593 273 
Stork 658 993120 	 171
 

LSD (0.05) 469 - 508 -
CV (%) 15.1 - 12.7 

Maor hysiological traits associated to adaptation to terminal 
stresses ocncltions. 

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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Table 38. 	 Correlation of grain yield with some morphopysio-logical
traits under terminal stress/heat conditions, Tel Hadya, 
1987/88. 

Morphophysiological Traits 

PV H M IH FrA PL SF LIT IER TKW 

.189* -.337-.048ns .626***.603*** .44*** .612*** .209** .281** -.224*
 

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

PV = Plant vigour; EH = No. of days to heading;

EM = So. of days to maturity; PH = Plant height;
FIA = Fertile tillering ability; PL = Peduncle length;
SF = Spike ferility; PL = Peduncle length;
LT = Leaf teirerature; LERO = Leaf rolling; 

Under late planting conditions grain yield mainly correlated with 
early plant vigour, earliress, 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 morphological traits. Plant height alone accounted 
for 39.2% while n1.6% was accounted for by fertile tillering ability 
and 9.2% by spike fertility. 

Bmi for cold and frost dam~4e 

In the continental mediterranean dryland and plateau of NA,areas 
durum wheat yields are often redaced, 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
termir.al stresses. Evapotranspiration demand during the_ v.-getative
stage is low. However, during the grain filling stage it increases very
quickly and soon 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 throuh impaired 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 observed. However, slight frost damage 
was recorded. Lines with high spike fertility were also those with high
yields. Spikelet number per spike was the largest contributor to yield
amng spike fertility parameters. In the cold and frost testing
environment 44.12% of the total yield variability was explained 	by the 
fertile tillering ability.
 

http:termir.al
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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. dicoocoides is used toincrease grain protein content in durn wheat grain. The technique of
zero-nitrogen screening (nachit 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 enabling a better selection of lines with high grain
quality. The range for grain protein content was 8% to 16%, for
vitreousness 10% to 100%, for thousand kernel weight fron 31 to 62, and

fran 3 ppm to 7 ppm for pigment content. 

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

Envirorment PC (%) VR M CC (a)
Mean Range Mean Range Mean Range 

Rainfed/TH 12.3 9.0-16.3 91 55-100 5.2 4.0-7.0

Early/In 10.7 83 5.7
8.3-13.5 34-100 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. 

PC (%) = Protein content
 
vIR (%) = Vitreousness (%)

OC (gim) = 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
ADT-triais in different environments. 

Associations between stressed and favorable environments were low.
Thds 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 environments, 1987/88. 

Environment Bouider Breda 	 T. Fadya T.Hadya T.Hadya 
Late P. Early P. Rainfed 

HYL (5%) 7.2 7.3 8.0 8.3 6.0 
ADYT-Mean 5.2 4.8 
 6.3 	 6.9 5.6
 

Haurani 5.0 5.0 7.0 8.0 6.0
 
Cham 1 6.0 7.0
6.0 	 9.0 6.0

Stork 2.0 6.0 7.0 8.0 6.0
 
ZSD (0.05) 0.87 0.56
0.72 0.75 0.63
 
CV (%) 11.5 7.8 10.3 8.9 9.7
 

HYL = high yielding lines 

Plant Height 

The largest plant height was obtained in the rainfed environment
(T. Hadya) where the ADYT mean for plant height was 112.3 an. 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 c-in.late planting
drastically reduced 	plant height (43.8 cmn) to almost half. Table 41
shows the correlation coefficients between plant heights in different
environments. The high correlation coefficients obtained between
environments indicate low G x E interactions for plant height. 

Table 41. 	Relationship between plant heights 
 from different
 
environments, 1987/88.
 

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

Bouider 0.769*** 0.427*** 0.617*** 0.838** 
Breda  0.426*** 0.839*** 0.917***
 
TH/Late P. 
 - 0.465*** 	 0.427*** 
TH/Early P. 
 - 0.799*** 
TH/Rainfed 

n = 87, *** = significant at 0.1 % 
Early P. = Late planting 
Late P. = Early planting 
IN = Tel Hadya 
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Spike Fertility
 

Spike fertility was negatively affected by terminal stresses and 
drought. This effect is particularly prevalent under late planting 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). This 
suggests the imprtancoe of using late planting envirormeant to select 
high and stable spike fertile durunm wheat. 

Table 42. 	 Relationship between spike fertility from different 
environments, 1987/88. 

Environment Bouider Breda T. Hacya 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***
 
TN/Late P. 1.000 0.263* 0.427**
 
I1/Early P. 1.000 0.422**
 
-H/Raiinfed 1.000
 

n = 87; *, **, *** = significant at 5,1 and 0.1 % respectively; 

Late P. = ate planting; Early P. = Early planting 

Fertile tillerinq ability 

The nursery means for fertile tillering were similar in all 
environments. Harever, Tel Hadya/Late planning reduced the number of 
fertile heads per unit area. J-ow correlation between environments for 
fertile tillering ability was observed (Table 43). This means that 
the G x E interaction for fertile tillering ability is large. The need
 
to incon-porate 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 fertile
 
tillering with regards to grain yield under dry conditions.
 

Table 43. 	 Relationship between tillering from different environments, 
1987/88.
 

Environment 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*
 
T1/Late P. 1.000 -0.044 0.129 
TH/Early P. 1.000 -0.065 
TM/Rainfed 1.000 

rr-87; *,**,*** Significant levels at 5;1; and 0.1 % 001 respectively. 
Late P. = late planting; Early P. = Early planting 
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!iltilocatin testing in WANA 

The most prcising lines in the advanced durum wheat material are 
included in the regional observation nurseries. These nurseries are 
targeted to two major environments: 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 agronomic traits of the 
highest yielding entries in the DON-LR, 26 
locations in WANA region, 1986/87. 

No. Cross/Name 	 GY HD DM PH 

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//Fxp/Ruso 3405 113 154 85 
90 Dades 3384 112 154 73
 
10 Awali 3347 111 155 86
 

112 Daki 3316 110 151 76
 
18 Lahn 3287 119 157 77
 
32 Or Rabi 6 3210 109 152 86
 

109 CrnRabi 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
 
DM = No. of days to maturity
 
PH = Plant height (cm)
 

The data and analyses of the multilocation tests in WNA 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 Dadki. 'hey have been tested for several years in 
the regional durum yield trails (RDYT-LR) 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 46). 
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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 
LSD (0.05) 307 
CV (%) 17.3 
No. of sites 42 

AR = Average rank 

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

No. Entry Grain yield Stabilitynarameters
 
(kg/ha) AR 
 SER
 

6 Scoflag 5093 
 9.5 6.76

4 Oronte 6 4944 10.0 
 5.95
 

12 (Cham1 4910 
 12.6 6.78

1 Stork 4534 15.3 
 7.49
 

Trial mean 4733
 
LSD (0.05) 275
 
CV (%) 16.1
 
No. of sites 39
 

AR = Average rank, SDR = Standard deviation of rank. 

M. Nachit 

Special studies 

The experiment on selection strategy was continued this year.Forty F4 bulk families were tested in both rainfed and irrigated (30 nirrigation on 9 May) fields in replicated trials and in a space plantedexperiment to allow individual plant selection in the F4 generation. 
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Visual scores were taken on all the material with respect todisease reaction, maturity, plant height and hcaogeneity. Grain yield
was also determined in the yield trials. The top yielding F4 bulks inthe rainfed field were also high yielding in the irrigated field. High
rainfall &uring this season may partly explain this finding. There wasalso concordance between selection (of top 10%) based either on grain
yield or on other traits recorded visually. Therefore visual selection 
among F4 bulks was a good indicator of their yielding ability.


Additional material including lines wereF4 gron in plant rows
according to the pedigree scheme for selection under both rainfed and 
irrigated conditions. 

In another study, two durum weat cultivars, Haurani and Cham 3,were grown in plots with varying interplot distance (20, 30, 100 and150 cm) with the same interrow distance (20 cm) within plots. Results
showed a strong border effect on the two outer rows for the 100 and 150
 
cm distances and on only the outmost row for the 30 cm inter-plot
distance. No significant border effect was detected when the interplot distance was 20 cm. These results indicate that the usual
procedure of leaving a one-row border on each side of a plot is not
recxmxrnxed for plots situated at the ends of a block, as it gives anupward 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. 1etata 
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2.2.1. Evaluation of Durum Meat and Gernplasm Development 

The cooperative project between ICARDA and Italian institutions on
Evaluation and Documentation of Durum Wheat Gernplasm has completed the
field mvaluation 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 project, 3359 accessions
representing the final part of ICARDA's durum genmplasm collection were
planted at Tel Hadya and Breda, the moderate and low rainfall testing
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. experimentThe for screening against ccmmon
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 69R. were susceptible. Accessions resistant
 
to yellow rust and common bunt will be retested next year in

consultation with wheat athologists 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 (C pqmeu), 220 lines were found to be solid stemmed
(Fig. 6). A cut in the mid-section of three second upermost
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 comimon bunt (Tilletia caries
and T. foetida) in close consultation with wheat pathologists. Eighty
percent of these lines confirmed their resistance for yellow rust.
Similarly, out of 83 selected lines retested for resistance to common
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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0 Accs. score 1 	(hollow) 372 (15%)o 	 2 1977 (68%)
S .3 	 209 (8%) 

* 	 4 (solid) 220 (9%)
 
Total 2478
 

Fig. 6. Results of screening for stem solidness of durum 
lairaces. Scores 1 to 4 based on visiual
 
observations on three randmly selected stems from 
different plants. 

Evaluation for Cooking Quality and Other Traits at University of 
Tuncia, Viterbo, Italy. 

The research group in Italy, headed by Professor E. Porceddu,
analyzed electrophoretic banding patterns of 2644 accessions of durum
gernplasm harvested in the 1986/87 season 	at Tel Hadya. Electrphoretic
profiles were xqpared 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 analysis. 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 geraplasm consultation meeting, a set of 200
selected accessions were sent to the national programs of eight
cooperating countries. Results of evaluation for seven econcmically 
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important characters have been received from Ethiopia (Debre Zeit),
Pakistan (Islamabad), Tunisia, (Mornag) and partially from Canada
(Swift Current). The characters were: days to heading, days
maturity, plant height, 1000-kernel weight, reaction to yellow rust

to 

(Puccinia striiformis), reaction to Septoria and an agronomic score
based on visual observation. In addition, Ethiopian evaluators were 
also able to record reaction to stem rust (Puccinia g-mini 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

Tel Hadya and Breda, it was 

at 
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, genmplasm selected for resistance to Septoria
maintained the resistance on an overall basis in Pakistan. The same
nine accessions had a high agronanic 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 environment 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 weresusceptible. 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-to 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. com.). Further testing is in progress.
Additional results and data are expected from India, Kenya, Italy and
Turkey. In 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
from the evaluation of selected germplasm at the national programs of
co-operating countries in the network an elite gemplasm 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 1 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 reoeived from 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 Breedirg 

Two significant events happPned during the 1987/88 crop season:a) the amount of rainfall was unusually high at most of our experimentstations in Syria and b) the joint Bread Wheat Project was reviewed bythe external program reviews of CITN and ICARDA. We thereforeconcentrate in this report in presenting results from our driest sitesin Syria and from other dry locations in West Asia and North Africa.We describe progress made in understanding and describing the targetenvironment, identifying genetic stocks with tolerance to differentstresses, developing breeding methodologies, increasirg gernplamadaptation 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 ubeat + durum) grown in West Asia and North Africa (WANA). InWANA bread wheat is grown in three different agro-climatological zonesbased on moisture availability and temperature regimes. These are: 

a) areas of lcw 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 theseproduction zones presentedare in Table 48. There are 7.3 million haof bread wheat grown under less than 400 mm rainfall. Ilxoether withthe 5.7 million ha grown under 400-600 mm, this represents 77 percentof the total wheat grown under rainfed conditions in WANA.
These rainfed environments are characterized by being highlyvariable and unpredictable _n terms of moisture (amount anddistribution), 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 wheatgrown in WANA, is planted in these environments. This production zone
includes the continental 
 areas of Morocco, Tunisia, Algeria, Iran,Iraq, Afghanistan, Turkey and Syria. It is characterized by beinghighly variable and unpredictable in terms of moisture availability
and temperature regimes.

In these areas bread wheat i - n and harvested undersignificant temperature fluctuations. Typically, bread wheat is sawnin the fall where early growth and development occurs during thecoolest months and grain ripening occurs during the warmest months.Extreme cold and heat are ccrmnon abiotic stresses encountered duringthe crop season and frequently a cmplex interaction between them andmoisture deficits develops. Biotic stresses such as common bunt,loose smut, Hessian fly, sawfly and sunni beg are also important 
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constraints to wheat production. Crop management is frequently poor
and yields are low (less than 1 t/ha). 

b) areas of moderate rainfall with moderate to high temperatures 

Approximately 5.7 million ha, representing 34% of the total bread 
wheat grown in the region is planted in this production zone. These 
areas are represented by the costal -Mediterranean environments of the 
region as found in Morocco, Algeria, Tunisia, Turkey and Syria.
Beside 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 
tenperatures, jointly affect wheat near the end of the season. In 
these areas, the lack of good agronomic practices such as weed 
control, seed density, seed treatment, feitilizer 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 Thtal 
(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 and 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 
environment 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 plant 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 
governments 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/CIMYT bread what breeding project focuses itsefforts on identifying, develooing and distributing improved germplasm
for the first two rainfed agroecological zones of WANA, while CD24YI-Mexico produces wheat technology for the irrigated and high rainfall 
areas. 

Identification of genetic stocks with toleranc to different stresses 

One of the project's breeding objectives is to identify geneticstocks with tolerance to the biotic and/or non-biotic stressesprevailing in the rainfed environments 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 

four factors. These are: 

on
 

a) continuous evaluation of potential parents,

b) targeted crosses,

c) multilocation selection and testing and,

d) targeted distribution of improved gemplasm to national program
 

in the region.
 

Multilocation testing, the project's most important strategy forselecting arrd identifying material tolerant to different stresses,
 
occurs at two levels: (1) international multilocation testing, in

which 
 data from 50 to 75 locations in the region is obtained thrugh
the ICARDA/CINMYT International Nurseries System, and (2) regional
multilocation testing, consisting of five different envirornments

Syria and Lebanon. The latter constitutes 

in
 
the hub of the screening

program in which segregating populations and advanced lines areselected and undertested different moisture and temperature
conditions. 

Table 49 presents six promising lines identified through theinternational multilocation testing system. These lines were tested
under low moisture (200-350 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 cmercial
variety at each particular location) ranged from 114% to 179%. These
lines are now under extensive testing by each national program, and same have been used in their breeding prc-am to further incorporate
this 	characteristic into their crossing material.

At the regional level, several lines have been identified thatcombine qualities for drought and cold tolerance. Five of the mostpromising lines identified in this manner presented inare 	 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 liies were tested ranged from 230 to 381 mm. The 1984/85season was characterized by extremely low temperatures (-12Oc 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 compared to the inproved national 
check variety in certain dry locations of West Asia and 
North Africa. 

Pedigree of Yield (kg/ha) %of
Locatio, Highest Yielding Line Line N.C. N.C. 

Hamamn (Iraq) 	 TIWK 253.18 1058 588 179 
C446127-IAP-OAP-2AP-IAP-lAP-OAP 

Zahle (Lebanon) 	 F//68.44/NZ"f/3/CC 'S' 3383 1929 175
 
SWM 6637-2AP-OAP-3AP-1AP-3AP-OAP
 

Ramtha (Jordan) 	 C.182.24/C.168/.3/CNO2/7C//... 3648 2680 136 
SWM 6828-6AP-2AP-6AP-IAP-2AP-WJp
 

Beja (Tunisia) 	 MAYA 74'S'/ON/1160.147/3/BB/GL.. 2880 415 119
 
CM 58924-1AP-IAP-27P-CAp
 

Obregon (Mex) 	 Oc//CAI/SR/3/KAL/BB 3953 3416 116
 
ICW 79-0820-2AP-4AP-IAP-IAP 

Bouider (Syr) 	 Yr/SPRW IS' 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 m 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
 

AI Fong #l/Pew's' 3212 120 
S 4 11420-2AP-3AP-IAP-OAP 

Ald/4/Napo/Tob//8156/3/Kai/Bb 3235 121 
ICW 79-0728-1AP-IAP-2AP-AP 

Tsi/Vee's' 2850 104
 
CM 64335-3AP-lAP-IAP-OAP
 

Nesser 
 2787 	 121
 
Inia/Napo/3/Inia//Tob/Napo 2953 
 107
 
ICW 78-0001-1AP-1AP-2AP-]AP-OAp 

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

The ICARDVCDMr breeding project pays special attention indeveloping breeding methodologies that will help in the identificationand selection of improved gerplasm, but that also have the potentialfor adoption by national programs of the region. The overall breedingstrategy of the bread wheat breeding project, to cater for theregion's unpredictable rainfall and frequently harsh environments, hasbeen described in previous alnual reports and published elsewhere.The methodology used by the project to identify parental material withtole;-ance to tenperatire (cold and heat) stresses was also publishedat the Proceedings of the International Symposium Improvingon WinterCereals Under Temperature and Salinity Stresses, Cordoba, Spain, 26-29October, 1987. These methodologies, which are based in the principlethat stress tolerant germplasm is difficult to identify unlessmaterial under selection is exposed to those 
the 

stresses, has alreadybeen adopted and implemented by certain national programs in theregion (Morocco, Tunisia, Sudan, Egypt, Syria, Algeria, Turkey, and
Jordan).

Beside these methodologies, the ICARD[A/CIMMYT breeding projecthas developed a breeding methodology which allows breeders to enhancedisease resistance, adaptation and especially that allows theefficient use of multilocation testing of segregating populations.This methodology was presented at the 7th International Wheat GeneticsSymposium, Cambridge, England, 12-19,July 1988. A modified bulkmethod of selection, which comprises the desirable characteristics ofthe pedigree and bulk methods of selection, has been used byproject during the last six years. F6 lines which were derived 
the 

both, the modified bulk and the pedigree methods, 
from 

were compared forgrain yield, disease resistance and adaptation at three locations. Inthe comparison, twothese methods also represented two approachesplant selection; tothe modified bulk involving multilocation testing andthe pedigree with continuous selection at one location. The resultsof this study are presented in Tables 51 and 52. The average grainyield over locations in Table 51 indicate that eight of the first tentop yielding lines represented the modified bulk (MB) method ofselection. The higher frequency of MB lines in the top yieldingplaces plus the higher average range yields of the MB lines incomparison to the pedigree (p) lines is a reflection of the higherlevel of disease resistance in the MB lines at each location. Onlythree MB lines were among the ten lowest yielding entries, and incases, the higher level of susceptibility 
most 

to one or mre diseases wasperhaps the responsible factor for the lower yields in all ten lowest 
yielding lines.
 

Eight MB lines yielded more than the national (NC) and regional(RC) checks. TtLs reflects the level of adaptation in these lines,since the NC is a widely grown commercial variety at each particularlocation. Table 52 theseconfirms results. Four MB lines (entries(entries no. 15, 21, 22 and 23) yielded among the ten top rankingentries and substantially more than NC. ofthe None the P linesranked among the top entries at all four locations, and only two p 
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lines (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. ofThis method 
selection has also been adopted by national progranm 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 cumparative wheat yield trial, grown 
at four locations during 1986/87. 

Overall Syria Mexico

Entry Yield Method Tunisia ACI
 
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 3
1 1
 
21 3847 MB 2.2 1 1 
 2

23 3840 MB 1.4 2 1 2
 
18 3745 4.3 2
MB 1 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 5.3 4
MB 1 
 3
 
7 3283 P 8.2 
 48 10 10
 

14 3282 Tr 70
MB 2 
 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; ACI = Average coefficient of infection 
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Table 52. Performance of the ten top ranked entries in 4 locations. 
Caiparative 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 
23 
10 
17 
2 

MB 
MB 

P 
MB 
P 

4236 
4200 
4154 
4124 
4116 

22 
17 
20 
21 
15 

MB 
MB 
MB 
MB 
MB 

5400 
5184 
5155 
4881 
4657 

23 
22 
16 
12 
24 

MB 
MB 
MB 
P 

NC 

1488 
1400 
1388 
1366 
1300 

22 
20 
18 
12 
15 

MB 
MB 
MB 
P 

MB 

6433 
6111 
5666 
5533 
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 

LSD (5%) = 456 931 312 1091

CV (5) 7 13 15 13
Loca. X = 3552 4261 1212 
 5063
 

MB = Modified Bulk; 
P = Pedigree; 
RC= Regional Check; 
NC = National Check 

iancing Disease Resistance 

Multilocation testing and the use of the modified bulk selection
method described above has allowed breeders in the ICARDA/cfIMYr
project to increase the level of disease resistance in bread wheat
genrplasm. 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. Comparing 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. leaf 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. Hadva ST at Lattakia 
Generation %R %S %R %S
 

F2 21 79 45 55
 
F3 25 75 43 57
 
F4 57 43 58 42
 
F5 78 22 64 36
 
F6 65 35 60 40
 
F7 	 86 14 64 36 
F8 	 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 levels of resistance to certain foliar 
diseases in the bread wheat geruplasm. 

NO. OF ENTRIES*
 

ACI 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 

ACI = Average coefficient of infection; ST = Septoria tritici, 
YR = Yellow rust; SR = Stem rust; IR = Leaf rust. 
* = Wheat Observation Nurseries. 
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Iroved Adaptation of Bread Mheat Germplacn 

Results of ten years of Regioral Wheat Yield Trial data (1978 to 
1987), indicate that the adaptation of bread wheat genrplasm 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 
number 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 commercial 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. 
130

6.0 120

110. 
5.0 100- T.op B.W. Line5. 0 

4.0 80. 

70 National Check
 
S 3.0 60 No. of Lines 

50 
2.0 40 40 o 

30 30
1 . 0 2 0 	 20 

20 2'
10 No. of Locations 	 10 

78 79 8o 1 82 83 84 85 86 87 
No. Year 

Lines 

Fig. 7. 	 Number of bread wheat lines 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 
gernplasm to targeted areas in the region. Table 55 presents results 
of the adaptation of bread wheat gernplasm in two agroecological zones:
 
areas with moderate moisture and moderate to high teperatures, and 
areas with low rainfall associated with low tenperatures. Data fron 
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 environments of 
the region. The number of entries selected by national programs based 
on their statistical superiority (P < 0.05) over the national check 

http:100-T.op
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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 pranising 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 currently urder seed multiplication in Syria, and has been 
considered for release ini other countries of the region. 

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

Environment No. sel. No. 
Moisture Temp. entries locations Rate 

Saudi Arabia H H 	 68 20 3.4 

Egypt H M-H 51 32 1.6 

Yemen PDR H H 	 28 8 3.5 

Pakistan H M-H 39 22 1.8 

Iraq L L 	 )5 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 program based on their statistical superiority 

(P < 0.05) over the National Check varieties. 

Farmers Field Verification Trials 

The bread wheat project places special emphasis in developing
germplasm with adaptation to the low rainfall environments of the 
region; in thi. way, it complements the breeding work of CIMYT-
Mexico. Result: !:rcm 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 mn) 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 ;heat 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.
 

TnrI//Kal/Bb 
 4327 1 22 11 
 8
 
CMi 49744-lAP-4AP-lAP-6AP-OAP
 

Kvz/cgn 
 4260 2 22 
 13 12
 
Se 1066-9S-3S-4S-OS-lK-Ok 

Nesser's' 
 4259 3 24 10 15
Chr/5/Tp//Cno/Inia/3/5x/4/Hork 
4235 4 16 10 8
 
CM 46943-4AP-2AP-4AP-lAP-AP
 

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 excds a 
check (ISD 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 AgrarianReform and ICARDA. Similar activities have been extended to othercountries in WANA including Algeria, Morocco, Sudan, Lebanon, Turkey,
and Yemen AR.
 

Figure 9 show the performance of the promising bread wheat
Nesser in Farmers Field Verification Trials of Syria. 

line 
Three years dataof these trials show that Nesser had an average yield advantage of 14% over the local check Mexipak 65 under low rainfall conditions (250-350

nm).
 
Results of large scale testing of Nesser under low rainfall (250350 nn) and in farmer's fields confirm the yield superiority of thispronising 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 theregion. Considering the yield advantage of Nesser over Mexipak 65, thenational program of Syria is considering releasing this bread wheat 
line as a ccmuercial variety for the low rainfall areas of the country.Other national programs such as Morocco and Algeria have this line
under extensive testing as well.

Results of farmers' field verification trials carried cut inAlgeria during the last two are in 58.years shown Table Promisingbread wheat lines such as Gv/Ald 's' and Cham 4 show an average yieldadvantage of 14% and 10% over the local check variety Mahon Demias.These on-farm trials were carried cut in the low rainfall (200-300 mam)areas of the country. These two lines are under extensive testing and are being multiplied for possible release as comercial varieties. 
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Figure 8. 	 Yield Potential of bread wheat, barley and durum in the low
rainfall areas (Zone B) of Syria. Faners field verification 
trials, 1984-1988. 
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Figure 9. 	 Performance of Nesser, promising bread wheat line, under low
rainfall (250-350 m) conditions in Syria. Farmer's field 
verification trials, 1985/86 to 1987/88. 
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Table 57. 	 Results of large scale testing of prcmising bread wheat line
Nesser under low rainfall (250-350 rm) fanner'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 
 1.23
 

Table 58. 	 Performance of prcmising bread wheat cultivars under low 
rainfall (200-300 rmn) fanner's field verification trails in 
Algeria, 1986/87 and 1987/88. 

1987 
Yield %> 

(kg/ha) MD 

1988 
Yield %> 

(kg/ha) MD 

Average 
Yield %> 
(kg/ha) MD 

GV/ATLD'S' 2141 125 2334 105 2238 114 

L882-1AP-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 
C440454-lIM-4Y-2M-3Y-CM 

Cham 2 1850 108 1886 851 868 95 

ACSAD59 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 MM comprise 40% of the total land 
where winter cereals (,weat and barley) constitute the backbone of 
farming systems used by resource poor farmers. Improving the 
productivity of high elevation cereals will alleviate economic 
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 and 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) ccmprised of 
1908 aoessions 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 
environments in WANA. Selections were based on agroncmic score, 
disease and drought tolerance and yield. 

Table 59. International gernplasm 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 

i1908 312 
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Genriplam Development 

The major part of the breeding program focuses on the extractionand utilization of desireable gene(s) frm divergent sources to ccmbatthe most prevalent stresses. Due to divergent climatic conditions inthe high altitude areas targeted crosses were primarily made by usinglocally adapted landraces. Genplasm other wasfrin sources employedto incorporate various types of stress tolerances. In total, 593single, double or top crosses were made in bread wheat, 250 and 213 cross ccmbinations in durum wheat and barley 
ari 

were also achieved.
Because of the importance of utilizing all of the available

genetic diversity, the genetic variability in wild species of Triticunand Aegilooes was exploited. Iast year 314 crosses involving wildspecies were made with bread and durum wheat. This year only top orback crosses (126 combinations) were made with the durum or bread wheat 
parent. 

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

Bread Wheat Durum Wheat Intersp. CrossesGeneration Total Selection Total Selection Total Selection 

F2 630 464 175 390 260
150 

F3 580 358 439 
 380 277 160

F4 714 375 563 310 250 220

F5 442 270 360 274 283 187
 

164 84
F6 142 82 383 183

PSN 
 234 114 202 129 - -


Total 2867 1665 1879 
 1325 1583 1010
 

Segregating Populations and Preliminary Screening Nurseries 

The selections carried out in different segregating populations
(F2 -F 6 ) are given in Table 60. The selection pressure on F2populations was only for disease resistance and plant height.

Secondly, information on the performance 
 of these F3 populations fromthe high altitude sites of the region was used to advance or discard apopulation. Maximum selections were carried out of those populations
which were performing well at more than one site. Maximum diseasepressure F3was exerted on F5 and F6 populations, and populations
shoing susceptibility to yehlow rust were discarded. In total, 1665,
1325 and 1010 populations of bread wheat, durum wheat and interspecific
crosses, respectively, were retained for further selection andevaluations. 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
 

Crossing Block 258 140 209 75 183 112
 
PSN* 234 114 202 90 - -

F2 
 630 	 175 57
175 	 126 40
 
F6 
 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 collaborative arrangement between the Field Crop
Improvement Center, Ankara, Turkey and ICARDA's Cereal Imprvement
Program, 	 cereal gernplasm developed at ICARDA is evaluated for its 
agronomic 	 performance and resistance to biotic and abiotic stresses at 
Haymana. 	 The number of lines in the three winter cereal species tested 
and the selections made cut of them are listed in Table 61. Out of a 
total of 2323 lines/families, 937 were selected mainly on the basis of 
agronomic score, cold tolerance and disease resistance. The screening
of c-ossing 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. 

M. Tahir and B. Yibmaz 

Screening 	of Winter Cereal Nurseries at Sarghaya 

Sarghaya, Syria, is a useful site for screening new wheat and 
barley lines segregating populations for cold tolerance, yellow rust 
resistance, barley yellow dwarf virus and altitude affect. A total of 
2473 lines and crosses of wheat and barley were planted at Sarghaya. 
The number of selected entries from each nursery are given in Table 62. 
The information on the better performing lines is used in the =cossing 
program at Tel Hadya. The choice of material for Ankara is made on thve 
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 temperabire was -22 0 C 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 Seg. Pop. - HAA 	 126 52
Bread Wheat Obs. Nurs. - HAA 150 39
Prelimin. 	 Braad Meat Screen. Nurs.- HAA 233 155 
F2 Bread Wheat Seg. Pops. - HAA 630 392 
F6 Bread Wheat - HAA 	 170 108 
ON - HAA 
 150 84
 
PDSN 
 202 72

F2 Seg. Pop. - HAA 175 122
 
F6 DW - HAA 
 142 57
 
Total  -

2477 1342
 

Screening 	from Internationial Nurseries at High Altitude Sites 

Observation nurseries regional yicild trials, F3 segregating
populations of durum wheat, bread wheat and barley were dispatched to 
cooperators in the region. The number- of entries in each nursery and
the selection frequency (%) at each site is given in Table 63. The
overall selection frequency has increased fran less than 10% in 1980 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. Algria
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 NA
27 

BON--HA 125 43 30 15 24 
 NA 16 24
 
WYTI-HA 24 - NA 17* 38 25 13 21 
BYT-HA 24 - NA NA- NA - 46 
F2 BW 150 62 19 - 14 15 - -

DW
F2 150 69 33 - 11 12 - -
B 126 41F2 	 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 from the Durum Wheat 
Observation Nursery and 33% out of F 2 segregating populations. The high 
frequency of selection at Ankara is due to: a) the parents enployed in 
generating these materials were screened at Ankara and in many cases 
these materials have locally adapted germplasm in their parentage, b) 
some of the material such as observation nurseries have undergone a 
cycle of selection at Sarghaya before their evaluation at Ankara. 

The most striking performance of wheat and barley observation 
nurseries was recorded at the International Winter Cereal Research 
Institute, Konya-'Drkey, 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 
drought and cold tolerance. Selected wheat and barley lines will be 
tested on a large scale at the Konya Reer Institute. 

Interspecific Hybridization 

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

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

Triticum kotschyi = CuCu SISl (Sl = 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 subsequent 
segregating populations single plant selections were carried out. 

F4Cytological studies were made in the 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 F5 generation) is given in Table 64. 
None of these lines gave significantly higher yield than the improved 
durum 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 
AAMBB (2n=28) AAAM (G=B) (2rn42) 

Carrying desirable daracters 

AAA-BG X AABB 

2n=35 2n=28=14 II 

AA MA-BG (2n==35) 

X AABB 

I 

Select lines with desired characters
 
for agronomic evaluation
 

(b) Ir. durum X T. Kotschv 
AABB (2n=28) OJCU S'S' (S=B?) (2n=28)

1411 14 I 

F1
 
A-Oa BS1 (2n-28) 

3 II + 22I I 

AAB ABCU S'
 

X AB 

AABB (2n-28)
Select lines with desired characters 
for agronomic evaluation 

(c) T. d _. dioocomides//r. durum 

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

Character Growth PH Il EM YR Prot. T YieldNo. Cross habit Ial/ha 

191 Kursa-ni/Ybtsdhyi-SY20224/Hour.
 
ICI81-0047 
 3 145 159 203 R 16.1 37


104 Raspinor/T.Zhuk.VA13//2* Waha 
3170 

= 
IC181-026-13 1 110 155 192 R 13.9 35 309098 IC181-026-8 1 110 152 192 R 14.8 36 2950101 IC181-026-10 2 130 150 191 Rl 14.9 35 2900106 " IC181-026-15 2 120 152 192 R 13.5 39 28505 BD272/SY2010/Waha = IC183-0010-1 2 100 153 193 R 14.3 36 320054 biblo Twndeal/T.dic-433//,ito'S,/Stk'S, 

IC183-0017-16 



1 95 152 192 R 14.4 34 310030 IC183-0017-1 
 1 155 152 198 R 15.7 33 2950
45 IC183-0017-7 1 100 152 192 R 14.6 34 285056 ICI83-0017-18 3 100 165 204 R 16.2 31 2800
59 Eb-bio Tandeal/T.dic.WR42//Ente'S,/Stks,
 

IC183-0020-2 
 1 140 155 191 R 11.5 40 280067 IC183-0020-8 1 95 157 193 R 11.5 36 279078 SY20017/Renode Graada//Waha = IC183-24-6 1 90 157 194 R 14.3 37 340082 IC183-24-6-5 1 110 157 193 R 13.2 40 332079 IC183-24-6-3 1 100 155 193 R 13.6 41 325080 ICI83-24-6-4 1 105 155 191 R 13.0 44 325075 ICI83-24-4 1 100 165 204 R 13.5 36 316087 ICI83-24-9 1 105 153 194 R 13.2 38 300088 " ICI83-24-10 1 110 155 192 R 13.6 33 300076 ICI83-24-5 
 1 110 157 192 R 13.4 39 290083 IC183-24-6-6 1 100 167 197 R 14.5 36 2830173 BD272/SY20017//Waha = IC183-063.2 1 130 157 198 R 15.0 34 2830Cham 1-Chk 1 90 153 191 R 11.8 41 3406Hourani-Chec 2 130 155 198 HS 13.0 41 1736 

CV 
16.15LSD at 0,05 


425.34
 

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

In breeding semi-dwarf wheats (bread and durum wheat) the sourceof dwarfing genes has been Norin 10, which carries Rht 1 and Rht 2 genes located on homologous chromosomes 4A and 4D respectively. Inbread wheat, one of the major dwarfing genes is located on the D-gename
chromosome. Since durum wheats lack the D-genome, breeders wereincorporating only the Rht 1 gene and all breeding lines had uniform
plant height. Interspecific crosses of derived lines show aconsiderable range (90-155 cm) in plant height. There are at least 5lines which measured 110 cn. We feel that wild species can be useful
in the genetic manipulation of plant height and other agronomically
important traits. 

M. Tahir 
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Cold Thlerarwc Studies: Relationship betwe Freezing Resistance and 
Primordia evelopment 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 and is discussed here.
 

Thirty one leading cultivars and breeding line-s from the ICARDA 
region (Table 65) were planted in two row, 2.5 m long plots on 5th 
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 crcwns were placed in plastic bags for 
freezing. Freezing temperature treatments and duration were as 
follows: 2 hrs at 00 C and 3 hrs at -20 C as pre-treatment, followed by
15 hrs at -40C, -50C, -100C, -120C respectively. Post-freezing
 
treatments were: 2hrs at -20 C, 2 hrs at 0°C, and 1 hr at 40 C. After 
freezing treatments, crowns were washed with water, transplanted in 
sand and grown at 15-250 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 transplantig were 
determined as follws: 

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 and 31) had primordia development stages VI-VIII. 
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Table 65. LTS0 for leaf and root rerowth of wheat cultivars and breeding lines. 

Entry 
 Leaf-regrowth
No. Cultivar/line 10 days 15 days 

1 Bezostava 1 -10.2 (100) -9.1 (83)
2 Kvz/Ort 75 -6.2 ( 30) -5.3 (14)
3 Bolal 
 -8.1 ( 67) -5.1 (41)

4 Vratza -7.8 ( 85) -6.6 (64)

CA8055 -8.9 (61) -7.0 (46)
6 Au/4/Ca53/N1B/3505/3/093.44/5/... -8.0 (38) -7.2 (13)
7 Kavkaz -8.4 (83) -8.2 (71)
8 Mexipak -8.5 (6) -4.9 ( 3)9 Yatya Al -7.4 (77) -6.0 (60)

Zadrnler -6.2 (24) -4.6 (7)
11 Avalon -7.2 (50) -6.1 (24)
12 Zargoon -5.9 (11) -4.5 (5)
13 CQam 2 -6.7 5)14 AuTb6/5/K338/Eddh//qKuiat -5.6 (1)17/ ... /3/3/WC/4/Ogn -5.7 (12) -4.7 (7) 

Tr.aest (Rcm)//Tob'S'/8l56/3/Tx69A460-1/... -6.0 ( 1) -5.1 (1)
16 Cllf/Pch//P10l/Vogaf-Swd71452/3/Inia 66(r)//... -7.6 ( 23) -6.0 (10)
17 Au/3/Hork/Yd1/Kal/ ) -7.6 ( 5() -5.9 (31)
18 F3.73/Nkt'S' -7.7 (52) -5.9 (37)
19 Tr.aest(R)//Tbb'S'/8156/3/Tx69:460-1/ 

4 /Em!,S' -5.9 (2) -4.7 ( 1)3 2
IfflO// 010/171-2//234-3819/4/Naya74'S'/A o's, -6.7 (36) -6.4 (29)
21 Cmbord/5133//Mt/3/l~kc/4/Lfn//ND/2*P101/5/Rom/.. -6.7 (32) -5.8 (14)

22 Dacia//CofrVND/3/Bez/Tob/8156 
 -7.5 (54) -5.9 (25)
23 Bez//Tb/8156/4/Or/3/6*I/Kf//6*Lee/Kf/5/... -7.5 ( 44) -6.4 (29)
24 Au//2*Yt54/Nl0b/3/Codr'S'An//CodrS,/ML ,SI 
 -7.4 ( 57) -6.6 (39)


C(imaiord/5133/Mt/3/1kc/4/LfrV/HD/2*PlOl/6/... -7.7 ( 48) -6.8 (58)
26 T-mll/Son64/4/Pj'S'/cb55//O93/3/Stw597947/... -9.3 ( 72) -8.2 (51)27 c2ambord/5133//Mt/3/Kkc/4/LfV/Nd/2*P01/5/... -6.6 ( 41) -5.7 (11)
28 Bez//TIb/ 8 156/4/oR/3/6&*M f//6*Lee/Kf/5/... -8.0 (27) -6.9 (21)
29 T.aest (ROm)//Tb'S'/8156/3/Tx69A460-1/4/... -6.6 (38) -5.2 (12)

Au//2*Yt54/NIOB/-/2*RfrV/Pj'S,//Pjh/3/2*jn... . 7.3 (53) -6.1 (15)
31 Quilamapu 25-77 -7.2 (-) -6.8 (-) 

() Figures in parenthesis indicate survival (%) at 3 leaf stages. 

Rot-rerawth}
 
15 days 

-9.3 (73) 
-4.4 ( 0) 
-8.0 (30)
 
-6.4 (50) 
-8.7 (30) 
-6.8 ( 0) 
-8.1 (30) 
-3.8 ( 0) 
-6.1 (20)
 
-4.2 (0) 
-5.4 ( 5) 
-4.5 (0) 
-5.9 (0)-4.3 (5)
 
-5.5 (0)
 
-5.0 (0)
 
-4.8 (15)
 
-4.6 (10)
 
-4.5 (0)
 
-5.8 15)
 
-5.5 5) 
-5.7 (20) 
-6.8 ( 5) 
-6.4 (25) 
-5.8 (50)
 
-8.6 (30)
 
-4.4 (0)
 
-7.1 (0)
 
-5.0 (0)
 
-6.3 (0)
 
-6.8 (-)
 



80
 

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 -80 C. It seems that these two entries are
photoperiod sensitive as their development throughout 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 inn 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 greater. A
oompensation 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. 
Oiltivars with primordia developmental stage over VIII were erect
(growth habit 2 or to3) on 18 January and may be susceptible
winterkill. Cultivars with primordia developmental stage below VIII on8 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 lines
(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 ?5-77) 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 
tenperatures lower than - 8 oC. However the root regrowth studies
that two other lines, i.e. nos. 3 and 5 in addition to entry no. 

show 
1, 7 

and 26, resisted temperatures lower than -8 0 C. 



Table 67. Primrdia development stage and growth performanze of wheat cultivars. 

Entry 
No. 

Growth 
habit 

Erlin. 
intern. 
elorxga. 

Primrdia dej. s 
18, Jan 8, 

e 
Feb 

lenpth of internde 
18, Jan 8, Feb 

(M) (mm) 

Plant 
height 

(M) 

Tiller 
No. EH uM 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

6 
3 
5 
5 
6 
3 
6 
2 
4 
2 
7 
3 
2 
3 
3 
3 
4 
3 
2 
5 
4 
4 
4 
4 
4 
7 
3 
4 
3 
3 
7 

8 
3 
6 
6 
8 
7 
7 
3 
5 
2 
7 
3 
2 
3 
3 
5 
4 
4 
2 
5 
4 
6 
8 
7 
5 
7 
5 
8 
2 
4 
7 

V 
VIII 
V-VI 
VI 
V 
V 
V 
IXe 
VIe 
IXe-1 
V 
VII-I 
IXe 
IXe 
VII-I 
VII 
VIe 
VIIIe-I 
VII-I 
VIle 
VII-I 
VI 
V 
VI-VIIe 
VIle 
V 
VIIe 
V 
VI-VIle 
VIe 
VIle 

V 
Ixi 
VIe 
VIII 
V 
VIIe 
VIIe 
X 
IXm 
X-Xl 
VII 
IXI 
X 
Ixi 
Ixi 
VIII 
IXe 
Ile 
X 
VIII-IXe 
IXe-1 
VII-I 
V 
VIIe 
VIII 
VII 
VIII 
V 
IX-1 
IXe 
VIIe 

3 
25 

3 
5 
3 
3 
3 

30 
6 

55 
3 

20 
17 
20 
17 

8 
6 
6 

35 
6 
7 
8 
3 
6 
7 
3 
7 
3 
7 
7 
4 

3 
93 
9 
8 
3 
5 
4 

147 
33 

135 
4 

106 
149 
123 
113 

38 
67 
51 
137 
16 
49 
11 
4 
9 

19 
4 
5 
4 

.18 
64 

4 

28 
53 
32 
37 
22 
37 
28 
61 
43 
52 
29 
50 
57 
63 
52 
42 
54 
53 
53 
41 
45 
38 
31 
42 
45 
33 
46 
33 
55 
52 
33 

7.0 
4.0 
5.2 
7.8 

12.2 
8.2 
6.4 
4.8 
5.6 
4.0 

10.8 
4.6 
4.2 
3.6 
4.0 
4.2 
3.8 
4.2 
5.4 
6.4 
4.4 
9.8 
6.8 
6.6 
3.0 
9.2 
3.8 
6.0 
3.6 
3.6 
9.4 

170 
150 
162 
161 
160 
163 
159 
150 
154 
146 
181 
152 
151 
153 
152 
164 
158 
158 
146 
161 
157 
162 
163 
164 
173 
164 
161 
162 
146 
157 
150 

206 
204 
205 
201 
200 
199 
203 
201 
205 
203 
223 
201 
203 
202 
199 
208 
204 
202 
196 
193 
201 
197 
198 
198 
204 
200 
203 
203 
201 
203 
218 
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Primotrlia developmental stage and length of internode are roughlycorrelated with LT50. Only three cultivars i.e., nos. 1, 7 and 26, showlower LT50 than -80 C which is the critical temperature for freezingresistance in this region. These cultivars also did not initiateprimordia development (below VI) and had internode elongation (below 5mn). All cultivars which initiated primordia development and internodeelongation are susceptible to freezing. The LT50 ranged from -5.4 0 C incultivars which did not initiate primordia development and internodeelongation. These results indicate that primordia development andfreezing resistance are different physiolcgical characters. The sameresults were obtained freezingin the tests using plants at the 3-leafstage. The entries which did not initiate primordia development andinternode elongation (Table 68) were not resistant to freezing. Theearliness of plant development did not correlate with the freezingsurvival ratio. Tb develop early cultivars with cold/frost resistancein high-altitude areas, it is essential to have a plant development
which would avoid cold, frost and terminal moisture stress. This isshown by the performance of entry nos. 23, 26 and .8 which had slowprimordia development during early stages of plant development andlater rapidly developed. This is a desirable character for avoidingterminal moisture stress. Freezing resistance is also an importantcharacter which can be transferred and achieved by effective selection.Six lines/cultivars (Entry nos. 1, 4, 7, 9, 25 and 26) expressed highfreezing resistance, and are useful for the breeding program. Theseresults conform with earlier studies and these lines have beenextensively employed in the crossing program to develop new germplasm. 

N. Kawada and M. Tahir 

Regional 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 altitudeareas 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 terir check(cv. Pezostaya 1), an improved check, Cham 2, and a checkrition!'.
variety. The results of the five top yielding lines at Kabul alongwith the check varieties are given in Table 68. The yield increase inthe top five lines ranged from 32-49% over the national check variety.Entry no. 5 (Pls 70/3/F]n/Acc/An ..... ), which is one of the topyielding lines at Kabul, was also top yielding at Setif-Algeria. 
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Table 68. Top yielding lines fran the Regional Wheat Yield Trial for 
High Altitude Areas at abul-Afghanistan, 1986-87. 

Entry Name/Cross Rank Head M&t. Yield
 
No. cays days Kg/ha
 

9 Dj/Bza//Wa-II-5204 1 203 247 2578 
20 TW238/TW269//IW238/Ti~mn 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 Bezosti.ya 19 
 200 246 1744 
24 National Check
 

Grand Mean 198 246 1991 
(IV 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 che..k varieties. All of the top
yieldir lines are of facultative type derived fran 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 suggests 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 variety indicating that germplasm developed at Tel 
Hadya is suitable for Afghanistan.

Mashhad-Iran is a high n-put environment compared to Kabul with 
high yields. One 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 number 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
 
Chanbord/5133//Mt/3/KKC/4/Lf/.... were also among the top yielding
lines at Tehran in the previous year. The variety Zargoon and entry 
no. 3 seemed to possess wider adaptability. 

http:Bezosti.ya
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Table 69. 	 Top yielding lines Out of the Regional Wheat Yield Trial for 
High Altitude Areas at Mashhad, Iran, 1986-87. 

Entxy 	 Name/Cross Rank Head Mat. Plant TWK YieldNo. days days height kg/ha 

6 Zargoon 	 1 
 158 
 199 81 40 6696
7 Trakia 
 3 157 200 82 41 6089
 
2 Inn 10/3/2810/171-2//..

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

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


Grand Mean 
 162 204 40
80 5091

CV 
 11 9 84 39 17
ISD (P = 0.05) 27 22 2192 1197
 

No significant differences were observed in days to heading andmaturity, but all top yielding lines matured at least 10 days earlier
than the national check. Due to the better performance of the varietyZargoon 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 Lop five entries significantly
outyieided the national check. However data indicate that facultativematerial or spring types with strong cold tolerance may be successsfil 
in these environment.
 

Two of the entries, i.e. cv. Zargoon and no. 5, are widely adaptedlines and have yielded onsistently 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 RfrV3/Fill .... Trakia) as caq~ared to the checks andother entries. The four top yielding lines have been developed throughwinter and spring crosses using cold tolerant varieties. At Breda, 11lines significantly outyielded the two checks, Bezostaya and Zargoon.
The average yield was 	higher at Breda than at Annaceur (3166 kg/ha vs1095 kg/ha). This trial data at Tel Hadya confirm previous findingsthat facultative wheat types perform well in Tel Hadya. This alsoconfirms the of stationsuitability this for evaluation of winter x 
spring crosses. 

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

1hree lines (entries 3, 16 and 6) outyielded the chec-k Cham 1 atAnnaceur, 	 but only one line 	 (entry 3) was superior to this check at 
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Breda. Entry 3 (9045/Loogl'S') ranked first at Breda arid third at 
Annaceur and was selected in both sites. However, performance of dunm 
wheat lines over sites suggests that durum wheat has a 
adaptation as carpared to bread wheat. 

The selection frequency frm various high altitude nurseries indicates 
a generally-good performance of our germplasm at various high altitude 
sites in 'AANA. The small number of advancrd lines selected at more 
than one location shows the specificty in performance of the top
yielding lines 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 prante
exchange of information through scientific visits, workshops and 
oonferences.
 

M. Tahir 
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3.1. Physiology/Agronomy 

Introducion 

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

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

b. 	 Characterization of a wide range of genotypes in terms of
morphological and physiological attributes importanceof 	 forphysically stressed environments. Establish that sufficient
genetic variability exists to be exploited. 

c. 	 Search for simple (integrative) parameters representing
physiological attributes that correlate with the plant 

the 
responses to 

stress. 

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

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

The agronomy compcnent aims to explore crop establishmentpractices, canopy architectures and the matching of genotypes to themedium (350 m) and low (200 mm) rainfall spectrum of rainfed 
Mediterranean envircnments. 

Previous reports (Cereal Improvement Program Annual Reports 1986and 1987) have presented the materials and methods used, thedescription of the environments, evaluation of morphological traitsaccording to their relation to yield, gas exchange patterns inrelation to stress, comparative stress physiology between and withinwinter cereal species and agronoiuc tools for improving varietyperformance under stress. Emphasis has been given to drought, themajor physical stress concern.of Some screening techniques have been 
explored.


In this report a brief environmental description of the season isgiven. The major part of the report addresses a detailed descriptionof seie morphophysiological traits of two row barleys and the problem
of 	heat stress in wheat. 

Envirnens 

The rainfall in the 1987/88 season was above average in 	 northernSyria. 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 Boulder, northern Syria. 

The 	 1985/86 season was below but 	close to the loix 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 c
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 biamass obtained in the
three seasons of study and at the three testing sites. The biomass
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 oocurred, 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 stcoatal 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 mu rainfall), the
evapotranspiration efficiency of barley was higher than wheat but
total bicmass production was 27% lower. This result is in agreement
with the gas exchange data discussed in previous reports. 

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

Site Season Rainfall Barley Wheat B/W 

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 3.39 1.08
218 3.13 

87 245 3.34 2.63 1.27 
88 408 8.78 10.73 0.82
 

Bouider 86 205 3.80 1.31
2.89 

87 174 0.78 0.40 1.95
 
88 382 9.82 8.60 1.14
 

Gentype characterization 

This was the third season of characterization of the
barley and wheat physiology nurseries. In this report partial results 
are presented, corresponding 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 earliness
on and
grain yield. The remaining five entries are late 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 kernel number and grain filling rate and duration. Most 
ephasis was placed on the Breda site. 

Apex develcpment. Two development apex periods appear to be of major
importance in barley: a vegetative period (1P), corresponding to leaf 
initiation, considered here fram plant emergence (E) to the double
ridges stage (ER), and the ear initiation period (EIP) spanning from
double ridges until the maximum :nmmber of spikeletes (TS) is formed. 
The code number described by Kirby and Appleyard, 1984 (Cereal
Development Gide, 96 p.) will be used; in this code ER is given the 
number 2 and TS tne number 7. 
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Fig. 12. Water use-efficiency of wheat and barley, and mean 
temperature, at Tel Hadya, through 87/88 season. Arrows
indicate mean heading time. Date of emergen: 25/11/87. 

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

The study of the time course of apex developnent (Fig. 13)suggested a grouping of the gerrtypes to facilitate the analysis. Five 
groups were established: 
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Fast developing entries, including WI 2291, WI 2198, WI 2269, WI2291/WI 2269. This group is referred as WI entries. 
Slow VP aid fast EIP: Tadmor, Arabi Abiad and Arabi Aswad. Thegroup is referred as Tadmor type entries.
 
Slow VP a!4 slow 
EIP: Atem, Lignee 131, Alger/Union and BON 27.Referred as unadapted entries, being too late for theMediterranean environments with terminal stress under study. 
Intermediate behaviour between the Tadmor type and the WIentries. This group includes Syrian landraces barleys (SLB). 

Other entries: Wadi Hassa, Roho/Masurka, Roho and SBON 96. 

80 
z 

60
 

4~0 
x 
,:i 40 

00
 

20 

200 400 
 600 
 800 1000 
THERMAL TIME (OCD) AFTER EMERGENCE
 

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

Table 
 71 shows the thermal time required for each of the aboveentry groups for a given developmental phase. The range is giv n inparenthesis The Tadmor type entries had the longest vegetative period(E-ER), and the shortest EIP (ER-IS). The longer time to heading ofthese genotypes as capared to the WI entries is caused by the longerE-E1R period, since the EIP and spike growth period (TS-H) are theshortest. The WI entries had a relatively short EIP and a long eargrowth 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 Rcho had a 
short E-DR period (340, 345 and 360 °CD respectively), while 
Roho/Masurka has 400 °CD and a short EIP (280 OCD). 

Table 71. Thermal 	 time (°CD) required for various developmental
phases. Two raw barleys (n=20) 1987/88 season. Breda. The 
range of the group is given in parenthesis. 

Development Phases 

Barley groupl/ E-1R ER-TIS TS-H Heading 

Tadmor, A. Aswad 	 478 397
272 	 1147
 
A. Abiad (3) (435-510) (205-285) (375-430) ( 1 1 4 0 
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 	 370 445
245 	 1062
 

1/ Numbers in parenthesis rc:. to the number 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 °CD 
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 thenmal time. Two contrasting entries as well as the mean 
of the 25 !r £cr study are given in the figure.

Table /2 gives the total number of leaves in the main shoot and 
the phyllocIron 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 SLB group had a higher 	number of leaves inthe main shoot and generally shorter phyllochron period than the WI group. The total number of leaves in the main shoot was significantlycorrelated to the thermal time from emergence to double ridgen (r = 0.98, p 	 < 0.01, n = 25), and the phy.lochron period was negativelycorrelated to thermal intervalthis time (r = -0.58, P < 0.01, n = 25), i.e. a long E-ER in general implied more leaves in the main shootappearing faster. The correlation between leaf number and phyllochronperiod 	was -0.67 (P<0.0l). This last correlation was strong 	enough topredict the tinal number of leaves on the main shoot on the basis ofthe phyllochjon period within the limits of a 5% confidence interval.
Plants 	with more leaves on the 	main shoot have more potential sitesfor tillers (Kirby, in press).1988, A positive correlation betweenmaxi n number of leaves in the 	main shoot and maximum number of mainshoot tillers was found, (r = 0.6, P < 0.01, n = 25). 	 Table 73 showsthe maximum number of main tillers and number of leaves on the mainshoot at 	various development stages 	for four groups of entries.

In general, entries with a shorter E-DR period had lower numbera
of leaves in the main shoot which appeared at a lower rate (longerphyllochron period) and a lower maximum number of tillers. Fast andabundant 	 early growth and earliness have been found to be correlated
with yield in the dry Mediterranean environments of northern Syria.This implies a long E-ER period and, as 	will be shown later, same 
degree 	of vernalization.
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Table 72. 	 Total number 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 number 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 9).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 	 9.2 107.5 ( 94.1-120.9)
WI 2291/WI 2269 9.1 129.2 (118.1-140.3)

SIB 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 SIB 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/Ar-m 10.4 97.4 ( 77.4-117.3)

Wadi Hassa (SIB 8-89) 9.6 119.2 (102.3-136.1)

Rcho/Masurka 	 11.3 92.6 
Rcho 10.2 97.9 ( 87.9-107.9)

SBON 96 
 9.8 122.6 (115.2-130.0)
 

Table 73. 	 Leaf number at various developmient stages and maximum main 
shoot tillers. Values in parenthesis are ranges. 

Entry group Leaf No. Leaf No. Final Maximum 
at ER 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)


SIB 
 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)
 

Harnal 3.8 6.3 9.7 
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Leaf colour. We reported (Cereal Improvement Program, Annual Report
198i, p:125) that light green colour is positively related to grain
yield 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, Carmbridge.

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 environments 
there is relatively more antenna chlorophyll than in high light
environments (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 MJm- 2d- 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 European 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. 



95 

x----x TADMOR LIKE 

- SLB 
0--- UNADAPTED 

0 	 0 

2. 00 

1.00 

200 400 600 800 1000 

THERMAL TIME (0 CD) 

Fig. 15. 	 Plant colour during '~.~season as a mean for four groups of
entries. Source: PCB boulder 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-i in replicated plots was analyzed. A suimmary of isthe results
given in 	Table 74. Light green genotypes consistently had a higher a/b
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 assc.iated with a smaller ratio of
chlorophyll in the antenna to that in the core comlex of photosysten
II 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. 
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The liht leaf colour of the adapted barley genotes is 
associated with a consistently higher chlorohyl .,'b ratio, and this 
is likely to be a measure of a reduced amount of r.terma chlorophyll 
in proportion to that in the cores of PSII and PSI. This Pay confer 
(a) a high rate of photosynthetic eictron transport, possibly 
resulting in a 1cer Ci anu hence a high transpiration efficiency, and 
(b) redtced susceptibility to photoinribition. The colour pattern of 
the adapted barley genotypes may be a useful selection criteria for 
barley improvement for dry environments skinlar to those northern 
Syria. 

Table 74, 	 leaf colcur, chloropyll content and chlorophyll a/h ratio 
of dark green (n=6) and light green (n=7) barley genttypes. 
Measurements done during grain fillingl/. 

Geno.ype Leaf colour Chl. content Chl. a/b ratio- 2 
group score2/ mni m

cxcasion Occasion 
1 2 1 2 

Dark 	 2.50 236 408 3.762 3.4I 
Light 	 1.04 253 382 3.892
 
3.729
 

ISD 0.05 (one side test) 26 26 0.136 0.040
 

1/ Data provided by Dr. R.B. Austin.
 
2/ Scoie: 	 l=light green; 3=dark green. 

Gruwth habit. An early prostrate growth habit, before stem extension, 
has been correlated to yield under drought in the ;'1iterranean 
environments of northern Syria (Acevedo, 1987. In: Drought Tolerance 
in Winter Cereals pp:303-320). A plaisible explanation lies in an 
increased qrzund cover and light interception by the crop at a time 
when radiatirn is lw, resulting in an increased water use efficiency. 
Fig. 16 shows that the adapted entries, Tadmor, Arabi Aswad and Arabi 
Abiad, are p-ostrate early in the season. Other Syrian landrace 
barleys (SIB grrx) show a similar but less pronounced pattern. The 
WI group is completely erect through the growing season and the 
European unadapted entri as are also erect except for Lignee 131 which 
is prostrate. Within the SLB group, a range is found with SIB 60-2 
being Tadmor-like to SLB 8-84 beirq WI-like. 
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Fig. 16. 	 Mean growth habit during the season for four groups of
entries. (PCB, Tel Hadya 1987/88. Sore: 1 	Erect;3 Prostrate). 

The initial prostrate growth habit of the Tadmor-like and SIB
glOUp changed between and 800 )CD 	 betweento erect 600 at Tel Hadya,
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 change from prostrate to erect habit ucurred during ear
initiation. i.e. between double ridges and nunbermaximum of 
sp kelets, and may 	 b related to the vernalization requirement of the
entries. If his is the cas;e, the change in growth habit would be a
good field indicator that vex.Tnlization requirements have been met in
those entries requiring devernalization. internode elongation, which
would be an obvious indicator, did not necessarily oincide with the 
diange in qrowth habit. 

Vernalization requirements. The reproductive developgent of barley and
onsequently the time to ear emergence and maturity is inZluenced by
vernalization or oold requiraeent for ear initiation and by
photcperiod and treirature response during growth. As part of the
ooilaborative program of the Cereals Physiology Project of ICARDA with
the Institute of Plant Science Research (IPSR), Cambridge, U., the
vernalization 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 sprg trpes, i.e. genotypes in which vernalization 
treatment did not hasten time (decree days) to ear emergence. This 
group included Japanese and European genotypes, 3 genotypes from
Turkey, one 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 genotypes from Iran and one each from Iraq and Turkey.
The Tadmor type and SLB entrie. which are well adapted to northern 
Syria require vernalization. 

Table 75. Classification 
 of 2-row barleys into spring-type

(vernalization 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 tV 0 week 
treatment and the effect (+ = earlier, - = later) of 2 weeks 
vernalization are shown. 

Spring type 
 °C days to Difference in
 
ear emergence °C 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 Ilink 1136 +39 
Triumph 1046 +34 Europe

Georgie 1003 
 -24
 
Kenia ]028 
 +23
 

Harmal 727 Barley+72 

WI 2291 720 
 -13 characterization
 
WI 2198 780 
 +111 trial. 
Er/Apm 764 +41 Laxdraces 
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'd). 

Spring type 	 °C days to Difference in
 
ear emergence °C days between
 
No vernalization no vernalization
 

treatment and 2 weeks
 
Genotype vernalization* origin
 

Rco/Masurka 825 +74
 
WI 2291/WI 2269 753 +61
 
Jer. Barbelisse/ 741 	 +46 

C110836
 
Kerrana/Masurka 1090 +46
 
Roho 	 78'7 +84 
Swannek 	 772 
 +5
 
Cytris 	 941 +43 
S. Bon 89 1020 	 +53
 
S. Bon 29 921 +27 
S. Bkn 27 1020 	 +88 
S. Bon 4 	 843 
 +110 
S. Bon 96 737 	 0 

Drusp) 	 896 -6 Pakistan 
Esperiarye 786 -14 Morocco
 
I-28-98 53 
 949 	 -85 Iran 

Ankara Tokak 14 916 -5 
Guzak 	 924 +24 Turkey 
Smyrnakorn 1125 
 -52
 

Arab' Abiad 1686 	 +700 
Arabi Aswad 1294 +383
 
Tadmor 1702 
 +722 Syrian

ELB 51 = SLB 60-2 1738 +605 Iarodraes 
ELB 75 = SLB 39-43 1670 +661 or derived 
ELB 80 = SLB 39-99 1667 +581 genotypes
ELB 11 = SIB 8-6 901 +230 
W. Hassa = SIB 8-89 1123 	 +233 

I. Asadabad 1452 	 +394 
 Iran
 
L-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 number greater than 100 irdicates a vernalization 
z quirement. 

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

Table 76. 	 Yield and yield structure as affected by stress. (Breda,
Bouder). 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 	 -40
-24 
 -30
 
Straw -45 -44 -54 -50

HI 	 -7 -16 -34 -50
EH1 	 -5 -5 -10 -11
EM -7 -7 -11 	 -9 

HI = harvest index, [H = days to heading, 11 = days to maturity. 

As mentioned previously, the 1987/88 season was wet at Tel Hadya,
Breda and Boulder and the kernel number of the twenty five two-row
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 kernels was done at the
maximum number of spikelets stage. Counting was repeated between
heading 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 
groups were lower and the SIB group presented a wide range with an
intermediate mean. Because barley spikes are indeterminate, a positive
correlation between the ear initiation period (ER-IS) and potential
kernel number ba At thewould 	 expected. Breda correlation was 0.49
(P<O.05) and the EIP Eplained 24% (P<0.05) of the variation in
potential 	kernel number. The entries with the lowest relative number of
fertilized kernels 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-[R period and relatively short EIP and spike growth period may have
evolved to combine a high vegetative growth and escape to possible
spike frost and drought damage. 
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Table 77. Kernel 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 Potent'al Developed Fertilized
 

R-l 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-raw barley genotypes was studied to identify cultivars best
adapted to terminal stresses (drought anU heat). Use was made of this
particularly high rainfall season at Bouider (381.8 rm) to assess
effect of accelerated leaf senescence on grain filling. 

the 

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. Turner, personal
communication). The equivalenit to 2500 1/ha or 0.25 1/m 2 of KI solution 
was sprayed to fully wet th2e plants, ears included. The effectiveness 
of the KI treatment was assessed by measuri-g photosynthetic rate in
the flag leaf-i in treated and untreated plants, four and eight days
after the treatment. On average, net photosynthesis was reduced by 40
and 50% at the two measurement occasions in the treated as compared to
the untreated plants. Leaf conductance nowever was affected only by 
8.5%.
 

Ten spikes per sub-plot were randomly sampled inmediately 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 750 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 Kr treatment decreased

kernel weight significantly (P<0.01) at maturity. Varieties differed at
P<0.01 in final kernel weight while the variety x treatm-.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 KEI solution at 4% 10 
days after anthesis (Means obtained frm 10 
plants x 3 reps x 27 entries). 

Kernel weight (ag) 

Treated Untreated 

Mean 32.6b 35.6a
 
Range 24.9-41.1 29.0-43.3
 
ISD (0.05) 5.5 6.0
 

BOUIDER 87/88 UNTREATED
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z 
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SAMPLE 
0 

NO. 0 1 2 3 4 II 

DEGREE-DAY 

ACCUM. FROM 
EMERGENCE 

900 1150 1400 

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 
(ESD 0.05 for the difference between two genotypes=5.6) 

Genotype Untreated Treated Difference
 

WI 2198 34.4 36.3 -1.9
 
SIB 8-6 32.0 
 32.7 	 -0.7 
Alger/Union 41.3 41.1 0.2
 
SLB 60-2 38.0 37.6 
 0.4 
SLB 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
 
SB14 96 40.3 
 36.9 3.4
 
SIB 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
 
SLB 62-99 34.0 
 28.4 	 5.6
 
SLB 8-84 38.2 	 32.4 5.8 
WI 2269 38.5 	 32.6 5.9
Kervana/Masurka 32.3 24.9 	 7.4 
ER/APM 43.3 	 34.8 8.5 
SLB 39-99 42.4 	 30.1 12.3 

A small difference Ln kernel weight indicates that in spite of 
ra iced net photosynthesis and arxelerated senescence (the senescence
scoie was on the average 1.32 times 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, SLB 39
99, SLB 8-84, SIB 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 
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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 IKI
 
treatment. The differences in variety behaviour are more completely
illustrated in Fig. 18 where the varieties Wadi Hassa (SIB 8-89) and 
Rzho are contrasted. 

The correlation coefficient between final kernel weight and days 
to anthesis was -0.53 (significant at P<0.Ol) for the untreated plants. 

.TREATED
 
UNTREATED


BOUIDER 1987/88
 

40
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t 20 

10 

40 
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SAMPLE NO. - 0 1 2 3 4 H 

DEGREE-DAY - 900 1150 1400 
ACCUM. FROM 
EMERGENCE EFFECT OF TREATMENT ON 1000 KERNEL WEIGHT-ROHO 

Fig. 18. Effect of IE treatment on 1000 kernel weight. a) W. Hassa 
(SLB 8-89) and b) Rcho. 
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For the treated plants r was negative but insignificant (r
0.36). Th3 significant 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 
acoelerated 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 wheat 

Cereal yields are essentially determined by management, variety 
and environment. Winter cereals are cool season crops. Among various 
climatic factors, high temperature is a major production constraint. 
High temperatures may occur throughou~t the groing season as in the 
lowland tropics or as terminal heat affecting the crop during the grain 
filling peziod in Mediterranean environments and highlands. In Sudan 
wheat grown between 14 ON and 16 ON latitude and 350 v elevation yields 
0.75 MG/ha. In this case the growing season is short and with high 
taqperature 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: frm emergence to double ridge (GSI), fran double ridges 
to anthesis (GS2) and from anthesis to maturity (GS3). 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 ist, 1986 (normal, N), March 23, 1987 
(terminal heat stress, TS) 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 (US).
Heavy root rot attack in this planting allowed obtain only partial 
information. On November 15, 1987 the cultivars were planted at Wad 
Medani, Sudan (140, 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 randcmized 
complete block with three replicates. For analysis purposes four or 
five environment levels were available (five when variables from 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 kng/ha in all the experiments. 
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Crop husbandry other than planting method was the same in all 
env nments 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. 

Errcits. 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), 
years average and Wad Medani (open circles), 30 years
 
average. Day length was approximated by the maximum number of
 
sunshine hours for the respective latitudes.
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The temperature regime is supraoptimal (>20 0 C mean temperature) 
for wheat 	growth at Wad Medani throughout the season while at Tel Hadya

it stays above 20 0 C from early May through the end of October. 
Daylength 	 fluctuates throughout the year at Tel Hadya, frcs1 i a minimum 
of 9.8 h 	 in Dcember 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 izplies that 
photoperiod sensitivity of the genmplasm in this experiment is 
confounded.
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Fig. 20. 	 Maximum (open circles), minimum (closed circles) and mean (x) 
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 ard Yield Cmpm-nts. Environmental 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 effct, not significantly different than the effect at 
Wad Medani. Total above ground biomass, 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
bicomass and harvest index. Means of 24 wheat cultivars. the 
percent value in cmeparison to to Tel Hadya normal planting 
(100%) is also given. 

Environment Grain yield Above ground biomass Harvest indexM2ha-i 	 % Maia-i % % 

T- normal 3.56a 100.0 9.41a 100.0 0.38ab 100.0 

11terminal 
heat stress 

1.57b 44.1 4.21b 44.7 0.36b 94.7 

TH early heat 
stress 

1.20c 33.7 2.98c 31.7 0.40a 105.3 

Wad Medani 0.96c 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 column differ at 
P<0.05.
 

Correlation coefficients for grain yield in the various 
environments 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 environments on yield couponents.
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 kernels 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 kernels per spikelet (a/b in Table 79), though low does 
not seen to have been greatly affected by either THS or EHS while the
number of kernels per spike was reduced from 9.6% at Wad Medani to
28.8% for 	THS at Tel Hadya. All yield components listed in Table 80 had 
a significant genotype x environment interaction (P<0.01). Grain number 
per unit area also differed significantly (P<0.05) for environments,
genotypes and their interaction. The important contribution oL 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 compensating for low plant density
the derrease 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 environments 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 components of wheat as affected by environments 
differing in heat stress. Means of 24 cultivars. The percent
value with respect to Tel Hadya normal planting (100% is also 
given. 

Environment Spike No. Kernels Spikelets a/b Mean grain-(M2 ) per spike (a) per spike (b) mass (rag) 

TH normal 349.2a 
100.0 27.1a 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 22.1b 13.4b 84.2 1.6 77.2
46.7 81.5 30.5b 

heat stress
 

Wad Medani 145.6c 41.7 24.5a 90.4 N.a. 
 - - 27.6c 69.9
 

Numbers followed 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 gemination-emrgence period. The highest
temperature for EHS at Tel Hadya was particularly detrimental to 
germination and emergence.
 

Table 82. 	 Days to emergence, thermal time (base temperature = 0°C) and 
mean soil temperature at 5 an depth during the sow.i g
emergence period. 

Environment Days M 	 °Cto emergence 	 Soil temperature 

TH Normal 25 ,2.3 9.6
 
TH Terminal 9 lul.5 15.1
 

heat stress
 
TH Early 13 408.0 37.8
 
heat stress
 

Wad Medani 4 
 123.0 35.4
 

Table 83 	 shows the mean duration and range for the development
stages GS1, GS2 and G'33 along with the accumulated thermal units base 
0°C during the phase. Heat stress shortened the duration of GSl and 
JS2 as compared to normal planting in all envirorments. The duration of
GS3 was the same across exviroruents, probably because all sites had 
some level of heat stress during this period. Similar thermal units 
were required for GSl in all environments, except TIS which had an 
abnormally low value. The thermal units required for GS2 were the same
in all environments. For GS3 the thermal units increased with increase 
in mean temoerature except for Tel Hadya late heat stress which had a
lower number of OCD than expected. Table 84 shows that within the 
nursery there was a wide range of duration (days) for each 
develcpmental phase.

Phenology was also assessed by Zadoks visual score and was highly
correlated with the apex development in spite of changes in development

rate under heat stress as compared to normal planting (Table 83).
 

EnwirCzMXntaL effects cr growth. Plant breeders usually use plant
height aund peduncle length as indicators of plant growth. Both traits 
were reduced by heat stress when compared with normal planting, the 
greatest reduction occurred when early heat stress was predominant at
Tel Hadya. leaf area per plant 	developed faster under high temperature
but maximum leaf area per plant was higher in the normal planting. When
the values were expressed on a unit soil surface area (leaf area index,
IAI), it was observed that wheat under IIHS barley covered the soil
surface (LAI<3.0) while at Wad Medani the IAI reached a maximum (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 arond anthesis under high temperatures,
indicating that expansive growth was affected. Average sizeleaf was
smaller in the heat stressed treatents (15, 11 and 8 cm2 per leaf for 
the normal, THS and Wad Medani environments respectively).
 

Table 83. Mean duration and range of three major wheat development 
phases as affected by environment. The thermal units (oCD)
presented are calculated above a threshold of 0°C. 

Environient 
No al THS HS EHS Wad Medani 

-ase Days OCD Days OCD Days OCD Days OCD Eays OCD 

GSI 55.9a 459a 13.9c 185b 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 586c 30.5a 748b
 
(39-22) (42-14) (42-10)(43-8) (43-20)

Crop 158.2a 1892 92.2b 1838 79.5c 2189 
79.3c 2055 91.2b 2248
 
duration
 

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

Pherntypic effects. Genotypes tested had significant differencesno in
grain yield and total biomass within most environments in spite of
differences in yield components, except for early heat stress at Tel
Hadya where the qraLi yield differed at P<0.01 ar id total biomass at
P<0. Lb. The differences in harvest index between genotypes were
significant (P<0.01) in all environments. The mean, range ard
Phenotypic standard deviation of the nursery under study are given for 
each site in Table 84. 

The association between grain yield within environment and the two2determinants, grain number per and grain massm mean is shown in Table
85, the relative contribution to yield of each factor as detennined by
multiple regression is also given by the % of the total sum of squares
rechuced. 

Genotypes prcducing high number 2of kernels per m had smaller and
lighter grains while 2those with high number of sp ikes per m produced
fewer grains per spike an smaller grains. Thus ccnpensation in yield 
components in all but one environment were translated into lack of 
significance in grain yield.

Within any given environment the correlation across genotypes
between grain weight per plant and GSI, GS2 wereand GS3 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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The analysis will not be pursued further here other thanindicating that the highest ratio between the five top and bottomyielding entries in yield cmponents was observed at theenvironment, and that variability in develcpTental 
ERS 

phases and grainfilling rate was best expressed in the HS and EHS environments. 

Table 84. Nursery mean, range and phenotypic starard deviation at eachenvironment for grain yield, biological yield and harvest 
index (n=24). 

Environment 
'IH Normal IM1S Wad 
Mean PSD PSD
Mean Mean PSD Mean PSD
 

Grain Yield 356 77

2 157 37 120 45.5 96 43%/m (280-480) (121-196) (0.0-219) (51-151) 

Biological 941 203 95 109
421 298 396 93
Yield g/n (787-1210) (306-545) 
 (163-497) (280-542)
 

Harvest 0.38 0.02 0.38 
 0.04 0.40 0.24
0.05 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/m2 Mean grain mass 

r r 

TH Ncrmal 
 0.80** 63.6 
 0.11 35.7
 

THS 0.82** 67.4 -0.14 28.4 
EMS 
 0.95** 90.5 
 0.69** 3.7
 

Wad Medani 0.93** 85.9 
 -0.08 12.4
 

** P<0.01 

http:0.12-0.31
http:0.0-0.51
http:0.32-0.46
http:0.34-0.43
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Ctnclusions
 

There is no planting date at Tel Hadya that would match the
environmental 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 
gerotype x environment interaction is significant for all the planting
dates tested. (;rain yield was decreased up to about 70% under hot
environments. 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 
predominantly early heat stress. 

- The high reduction in grain yield at the hottest environmnnts was 
mainly the result of a decrease of grain number per unit area
(about 70%). Tis 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
environments. Significant genotype x environment interactions were 
found for the yield components investigated. 

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

- The GS stage (days from emergence to dcuble ridges) was decreased 
by 62% while GS2 (days fran 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 environments. 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 affectedwere 
between 10 and 20% and mean grain mass between 20 and 30%.
Significant genotype x environment interactions were present. 

- e best environment to select for pIysiological traits postulated
to confer heat tolerance a pears to be Tel Hadya early stress 
(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 aind Mr. Erik van Oosteram; the
collaboration of R.B. and Dr. P.C. fromDr. Austin Craufurd PSIR,
Cambridge, Prof. J. Sirag from the Gezira University, Sudan and regular
staff of the Cereal Physiology/Agronmy Project, Mr. Issam Naji, Mr.
Riad Saccal, Mr. Mufid Ajami and Mr. Salem Farrouh. 

E. Acvedo 
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3.2. Pathology 

3.2.1. Wheat diseases 

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

At the principal station, T. Hadya, and sub-station Lattakia, inSyria, techniques and methods are well established for the diseases,
yellow rust (Puccinia striiformis), leaf rust (P. recondita), septoria
tritici blotch (Myc herella craminicola) 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. graminis), tan spot (Pyrenophor- trichostora
repentis) and powdery mildew (Erysihe gaminis).


Resistant lines to one specific disease 
 precipitating fromscreening procedures are usually pooled in special purpose disease
nurseries, repeatedly tested for 3-4 years and selected for acceptable
agronomic characteristics and non-targeted diseases. The seed of suchpools is multiplied and distributed for use in crossing programs and by
NRPs. For 1988/89 the following pools have been dispatched to NAMS:
Germpalsm Pool for Yellow Rust Resistance, durum and bread wheat; 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 gernplasm screened came from collaborative programs

with Syria, Algeria, Tunisia and ACSAD; European leaf Rust 
Nursery/Yugoslavia; CIMMYT'iexico; and USDA-ARS. 

The highest percentage (70%) of durum germplasm screened wasresistant 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 obtainpd from one site and needs verification. For septoria

21% of the screened lines showed resistance. Low percentages of
resistant lines were observed for powdery mildew, common bunt, and leaf
 
rust: 8%, 8%, and 12%, respectively. More emphasis should be put on up
grading resistance level for these diseases in durum germplasm.
 

Sixty four percent of bread wheat genrplasm screened was resistant
 
to stem rust and powdery mildew (Table 87). Also relatively high was
the number of lines resistant to leaf rust and yellow rust. Only 9% ofthe lines tested were resistant to common bunt and this cones mainly
fran the Repeat Testing Bunt (RIB) Nursery (39%). 
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The number of lines selected for special parpose disease nurseries 
was low (135) in the dutim germplasn and reasoiable 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 germplasn for resistance to yellow
rust (YR), leaf rust (IR), stem rust (SR), septoria tritici 
blotch (ST), powdery mildew (PM.) and common bunt (CB); 1987
88 season.
 

No. of Entries
Germplasm Tested Resistant Select. 

YR ER SR ST PM CB 

Aleppo C.B. 189 140 
 0 -	 10 - 3 0
 
APCB 	 (74) (0) - (5) - (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  31 - - 2 
Nursery PEN (82) (4) - (27) (2)-


Key Lnc. Disease 160 133* 39* - 43* 
 13 10 35

Nursery KLDN (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 25* - - 5 
DST (71) (20) (49) (56) - - (11) 

Total tested 966 553 
 45 508 -60 710 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; che'ks excluded 
* : Based on data obtained frcm multilocation testing. 
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Table 87. Screening of bread wheat genrplasmn for resistance to yellow 
rust (YR), leaf rust (IR), stem rust (SR), septoria tritici 
blotch (ST), powdery mildew (PM), and common bint (CB); 
1987-88 season. 

Gernplasm Tested 
No. of Entries 

Resistant Sel. 
YR IR SR ST PM CB 

Aleppo C.B. 199 80 129 - 27 - 4 17 
APCB 

Cosing Block 256 
(40) 
138 

(65) 
-

-
-

(14) 
-

-
-

(2) 
49 

(8) 
16 

WCB-HAA 
Observation Nursery 142 

(54) 
75 

-

-
-

-
-

-
-

-
(19) 
29 

(6) 
7 

WON-HAA 
Observation Nursery 113 

(53) 
45 

-
-

-
-

-
-

-
-

(20) 
0 

(5) 
0 

WON-IR 
Observation Nursery 134 

(40) 
50 

-
-

-
-

-
-

-
-

(0) 
4 

(0) 
4 

WON-M 
Regional Yield Trial 20 

(37) 
7 

-
-

-
-

-
14 

-
-

(3) 
2 

(3) 
8 

RYT-LR 
Regional Yield Trial 20 

(35) 
8 

-
-

-
-

(70) 
15 

-
-

(10) 
1 

(40) 
7 

RYT-MR 
Preliminary Disease 309 

(40) 
99 

-
196 

-
-

(751 
25 

-
-

(5) 
-

(35) 
25 

Nursery PLt' 
Key Location Dise. 198 

(321 
53 

(631 
77 

-
-

(81 
78 

-
130 

-
4 

(8) 
43 

Nurseiy KLtN 
Yellow Rust Nursery 90 

(271 
58 

(39) 
-

-
-

(39) 
-

(66) (2) 
- -

(22) 
58 

WYR 

Leaf Rust Nursery 45 
(64) 

35 
-

42 
-

-
-

-
-

-
-

-
(64) 

32 
WLR 

Septoria Nursery 45 
(78) 
38 

(93) 
28 

-

29 
-

28 
-

25 
-

-
(71) 
12 

WST 
Repeat Testing Bunt 29 

(84) 
23 

(62) 
-

(64) 
-

(62) 
-

(56) 
-

-
9 

(27) 
7 

RTB (79) - - - - (39) (24) 

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 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; checks excluded 
* :Based on data obtained fram multilocation testing. 
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Variability of wild relative, Tritium turgi var. dicacxxides for 
najor 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. 
dicoocoides for major wheat diseases started in 1986/87 (Cereal 
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 iust and leaf rust. Out of the 200 
accessions tested, 62, 129, 77, and 32 sho i 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. 
Combined resistance to all four diseases was found in 8 accessions. 
Lines with combined resistance to three and four diseases wil.l be 
retested the next season. 

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

No. Accessions * 
Disease** 

S MS MR R 

Conon bunt 81 21 36 62 

67
Septoria blotch 40 16 15 1291-

Yellow rust 94 18 11i 77" 7i 22-8 

Leaf rust 151 4 13 32 22+2T 

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

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

• 	 Total no. accesions tested: 200 (JOR 78, UR 54, SYR 53, 
USIA 15) 

•* 	Screening sites:
 
Cammon bunt and yellow rust in T. Hadya (art. inoculation);
 
Septoria in Lattakia (art. inoculation)

Leaf rust in Iattakia (nat. infection) 
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The number of resistant lines according to country of origin isgiven in Table (89). Excluding the group fran USDA, found thewe
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 dicoccoides group from Syria. These findings should beconsidered 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* Triticun dicoccoides accessions to 
four major wheat diseases. 

No. and origin of tested accessionsDisease 
Jordan Syria Turkey USDA Total 

78 53 15
54 200
 

Common 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
 

Leaf 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 ccmon bunt 

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

In our investigation of the problem, 144 naturally infected bunted
spikes collected fran different countries of the WANA region and 244
bunted spikes fram artificial inoculation collected from the ommn
Bunt ir-erxy (I) at T. Hadya, season 1987/88 were used (Table 90).BInted spikes in both collections are fron durumn and bread wheat.
Results show that not all bunted spikes have all kerrels affected bythe disease, whether they originate fram natural infection orartificial infection. Out of the 144 naturally infected spikes, 102spikes (70.8%) were ccmpletely affected. The remaining 42 spikes
(29.2%) exhibited different degrees of infection ranging from 12.1% to98.4% kernels/spike. In the bunted spike collection originating from 
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artificial inoculation only 123 spikes (50.4%) out of the 244 studied 
exhibited 	ccoplete infection. The remaining 121 spikes (49.6%) showed 
differeit degree of infection ranging fra 2 to 98.2% infected 
kernels/spike. 

These findings have not been yet studied. Whether this ph~enenon
is a kind of partial resistance for comnon bunt or simply an 
environmental 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 83.1
 
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), ,unisia (8), Iran (7), Pakistan (6) and
 
Morocco (2)
 

•* = 244 Collected from Comtnn Bunt Nursery I. at T. Hadya, 1987/88 
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Table 91. 	 The effect of yellow rust (Puccinia striifonnis) on grain
yield and yield components of different wheat cultivars (Tel
Hadya, Syria 1988).
 

Cultivar Treatment YR Yield No. 
 No. Seeds 100OKW
 
Score/ACI kg/ha tiller /spike (g) 

/m,2 

Haurani IrLf 33MR 17.3 3166 347 38 45.3 
Cont 5R 1.0 3632 350 35 39.3 

iahn Inf 
Cont 

2R 
IR 

0.5 
0.2 

5780 
5220 

297 
307 

43 
41 

53.7 
51.4 

Belikh 2 Inf 15MR 4.0 4827 327 37 44.4 
Cont IR 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 1.0 5525 393 39 45.1 

Mexipak Inf 73S 69.0 3574 353 40 32.1 
Cont 1OR 2.0 5048 440 44 34.1 

Nesser Inf 65S 65.0 4425 463 37 30.9 
Cont 2R 0.5 5477 557 35 31.2 

Ibima 6914 Inf 52MS 34.3 5705 390 40 37.2 
Cont 4R 0.7 5607 450 42 37.2 

LSD (0.05) between treatments 913 103n.s 6.9n.s 
 7.9n.s
 
for the same cultivars
 

Figures = 	 2mean 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 EC 250 (Triadimenol) 2 I/ha applied twice 
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Crop-loss assessment 

A trial to assess crop-loss ixyluced by yellow rust of wheat was 
oonducted in the 1987/88 season for the first tim at Tel Hadya, Syria.
Ten promising lines of wheat, 7 dunum and 3 bread wheat, were tested 
using a chemical treatment (Bayfidan EC 250, Triadienol 2 L/ha) to 
keep control plots free of the disease (Table 91). The objective of 
this trial was to determine the actual losses in each cultivar, since 
yield 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 disease. 
This yield decrease may be the result of reduced number of tillers/m2 

(21%), seed/spike (9%) and kernel weight (6%) though decreases were not 
stati-stically significant. Nesser, also a susceptible cultivar, 
suffered a 19% loss from a lower degree of infection. Haurani, Belikh, 
D'ima 6102, and Douma 6914, seemed to tolerate the disease differently
 
as indicated by their Average Coefficient of Infection (ACI) of 17.3, 
4.0, 5.3 and 34.3, respectively. The remaining cultivars, iahn, 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.
 

O.F. Mamluk 
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3.2.2. Barley pathology
 

Cooperation in the region
 

Collaboration with National Agricultural Research Systems (NARSs)can substantially aid studies on disease resistance as virulence genesof pathogens may change fron one region to other.the A number ofjoint projects with pathologists in the region established;are rangingfron an interchange of nurseries for field screening to theidentification of differences in virulence between pathogen strains indifferent 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 differentdiseases in and outside the region is the most established of thecollaborative activities and has helped the breeding program throughthe years selecting lines with adequate resistance to major diseases.National program scientists each year screen all oflines ICARDA'sAdvanced Yield Trials 
results of this nursery 

through the Key Location Disease Nursery. The are discussed in the barley breeding section ofthis report. In return, ICARDA, on request of National Programs,scieens their material for resistance in the disease nurseries at TelHadya. Table 92 summarizes tests of 237 lines from 5 differentcountries for 3 diseases during 1987-88 season. 

Table 92. Level of resistance to 3 diseases of material from 5 barleyimprovement programs in different countriesa) 

Scald Pow. Mild. Coy. smutCountry R MR S R MR S R MR Sb ) total 

Syriac) 29 0
72 
 - - - 81 18 1 192
Ethiopia 50 50 23 8
0 69 18 39 43 28
Algeria 29 43 28 43 43 14 0 86 14
Turkey 7
33 60 7 22 52 26 27 
 45 28 180
Morocco 
 14 57 29 57 
 43 0 71 29 0 7
USSR 13 47 40 53 20 27 73 20 
 7 14
 

a) Data are percentages of the total number of lines in each of threecategories. 
b) R = <5%, MR = 5-25%, S = >25% diseased leaf area 
(scald and powdery
mildew) or affected plants (covered sit).c) Syrian material was sowed two weeks later, resulting in a lower 

scald and little powdery mildew development. 
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Screening 	for resistance to Barley Leaf Stripe 

Barley leaf stripe (caused by Pyrenopho ) is a seed
borne disease requiring special efforts in resistance screening. In 
last year's report we dczcribed a seedling test enabling testing lines 
in the greenhouse or growth chamber. As the environment 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'Agriculture in Meknes (Dr M. Boulif), while the 
University of Aleppo (Dr A. el Ahmed) is involved in screening at Tel 
Hadya. In both locations the same set of advanced breeding lines was 
planted after artificial inoculation with local strains of the 
pathogen. Data frai both locations were obtained on a total of 145 
lines. In 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. in 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.a) 

Field testing Seedling b )
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 6 
 90
 

d) Data are percentages of barley leaf "rine affected plants.
b) Seedling test carried out in plant gr 4, 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 myceliun
growth in the plant is slower than the development of the growing
point. Seed of lo.! and moderately stripe affected lines has been 
harvested and 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 prcbably scald,caused by the fungus RhyPchosporium secalis, and 1 dery mildew.- Thefirst disease has a slightly lower optimum temperature than the secoyland is therefore of greater importance in regions with a continental
climate like the barley growing areas of West Asia and those in thehigher altitudes. Together with the Helminthosporium leaf blotches,scald is as well the predoLdnant pathogen of the tropical highlands inEast Africa. Powdery mildew 'xcomes more important in the regions with
milder winters like North Africa. Although both diseases arm- favoured
by a high humidity, high disease levels can frequently be reco.-)rded in
the dry areas. The developmnt of scald depends strongly on manag, mentpractices, earlier sowing and fertilizer application favouring thedisease. 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 the feasible ofis most way controlling the
disease. All newly developed material and all lines used in ICAR[A's
crossing progren pass through the scald screening nurseries at the base program. Through the years havewe improved our screening methods. Thepresently used methodology allows a reliable estimation of the level ofresistance 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 
_hychosporium secalis. Before being used in crosses, potentialparental material must be tested against as many different scaldstrains as possible. way doing is materialOne of so by sending to

different countries, to be tested in locations where heavy development

of the disease oocurs naturally. However, disease development in the
field can vary strongly between years. The environment as well has a
strong influence on the expression of the disease, while the occurrence

of other, non-tarxiet, diseases can 
mask the presence of resistance. To overcome these complications a seedling screening technique was
developed that shows a reasonable affinity with the performance undernatural epidemics of scald (see last year's report). The technique wasfurther improved the year and isduring past capable not only ofdetecting high levels of resistance, but can as well differentiate
between moderate levels of resistance. As the testing is done ingrowth chambers, and plants are destroyed by autoclaving after readings
are taken, foreign isolates can be included in these tests. Table 94shows the results of a comparison of eight scald strains, four isolated
from cultivars grown in the disease nurseries 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 asmoderately 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. 



125 

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 i b' showed little 
variation in its performance. 'WI2291 and 'JIB 6-35' (a Jordanian 
landrace-line) were susceptible all scald strainshighly to 	 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 isolatesa) 
originating from four different cultivars, gron 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 0ab) Ga 0a Oa 100f 100f 33bc 95f 41BC)
Atlas 46 Ga 5a 10a Oa 100f 100f 55od 55cd 41B
 
Deir Alla 106 55cd 35c 36c 55cd 50od 80ef 69de 61de 55C
 
WI 2291 100f 85ef 90f 90f 95f 94D
95f 95f 	 100f 

Tadmor 20a Oa 5a 39bc 6a 16a 21ab Oa 13A 
Arta 15a 20ac l8ac 24b 5a 18a 20ab 15a 17A 
Alger/Ceres 5a 6a 5a Oa 85f 95f 100f 85f 48BC 
JIB 6-35 100f 90ef 73e 92ef 100f 100f 100f 100f 94D
 

Isolate mean 37Ad) 31A 29A 38A 67BC 75C 62B 64B 

ISD 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 105 sp/ml per plant, data are means of 4 replicates,
each replicate having 5 plants.

b) Means followed by the same letter in each raw and each column are 
not significantly different (LSD test, p=0.05).

c) 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 (ISD test, p-0.05). 
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The same type of test, using the most virulent of the Syrian and
Tunisian isolates was used for screening breeding material underadvanced yield testing and being considered for inclusion in the
internatioi-i. nurseries of the caning season. A number of lines were
identified with adequate resistance to both strains. 

Crop loss studies 

Our research in past years has focused on the development of fastand reliable methods to quantify differences between cultivars indisease resistance. Differences in resistance will lead to differences
in severity of disease under farming conditions and, depending on thetiming of pathogen development and on the conditions of the host plant,
to differences in prcxuction. Rarely does newly developed gernplasm
have ccuplete resistance all pathogens that canto the affect theplant. The decision to recmmend a new line for release must therefore 
not only be based on the expected gain in production, but as well on
the vulnerability of the genotype to losses caused by pests anddiseases. Special concern is justified when resistance screening has
shown that the new line is mere susceptible to a disease as the 
cultivar it is expected to replace.

During the past season we studied the effect of scald on yield andyield canponents of ten cultivars grown in ICARD1's main station at Tel
Hadya. Six of these lines were advanced breeding lines while theremaining 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 colisisted
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 spore
penetration. The non-inoculated plots were twice sprayed with
Bayfidan, a effectivefungicide highly against both scald and powderymildew. The percentage of disease-affected leaf tissue was estimated
about two weeks before harvest. To avoid border effects 0.25 m was cut

fron the side of the plots before harvesting the four center rows.


Two 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' and
'Faiz', and one moderate susceptible line 'SIB 39-60'. The yield of
the susceptible cultivar Harnal not affectedwas by the disease. Also
the moderately susceptible cultivar 'Deir Alla 106' did not show asignificant yield reduction. The 20% yield 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 systeriLtc fungicide Bayleton in late February largeon seed 

2increase 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). 
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The disease levels measured in this experiment were coparable 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 rarely found inare 
comercial fields sawn with local cultivars. Studies on the resistance 
structure of local Syrian genrplasm (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 development of
highly virulent strains. Replacement of these heterogeneous 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 weicht

Cultivar scald - + % - + % a) 

Lignee 131 0 51 47 92 45 100
45 

Tadmor 0b) 42 35 83 37 32 86c)
SLB 56-79 39 79 36 33
0 b) 31 	 92 
Rihane-03 16 
 49 56 114 44 46 105
 
SLB 39-60 43 49 36 73c) 48 40 
 83c)
Deir Alla 	106 52 45 39 87 39 36 92
 
Harmal 	 75 45 47 104 47 
 43 91
 
SIB 37-74 77 42 30 71 ) 48 40 83c )


c
 

W12291 	 78 54 36 67c) 41 38 
 93
 
Faiz 	 80 60 45 7 5c) 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 SIB 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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It is planned to extend our studies on crop losses during the
caming season. our objectives will be not only to test differences in 
genotypes in their response to diseases, but as well to gain a better
understanding of the influence of changing agroncmic practices and
abiotic stresses on losses caused by diseases. Similar experiments
will therefore be planted in two sites, one with a favorable
environment and one where drought stress is expected to occur, using
two different sowing dates. 

Root rot studies 

Dry-land root rot can be caused by both Cochliobolus sativus and
by Fuarium s.. 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 condition of the host plant. The pathogens
attack all root parts, but the most conspicuous is the discoloration of
the sub-crown interncde. In serious cases this part of the plant can
be severely damaged, resulting in a decrease of the water fla fran the
seminal roots to the plant. Deep sowing, a practice recamnended 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
environments and to develop rapid varietal screening techniques it is
useful to have varieties with contrasting levels of resistance and
adapted to the environment in whi.ch our experiments are conducted. As 
we did not have information about differenoes in resistance to root 
rots within ICARDA's barley germplasm pool so far, a field survey of a
selected number of lines fran was Twothe breeding project undertaken. 
sets each of 25 lines of the Advanced Yield Trial were chosen. 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 
eaxperimental 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 cm 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 P205 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 minimum of 50 plants with a sub-crown
internode of at least 1 cm were taken. The sub-crown internode was cut
off by scissors, taken to th laboratory and scored on the extent of
its discoloration according to the scale used by Grey and MathrV 
(1988), 0 = no discoloration, 1 = pinpoint lesions, 2 = extended linear
lesions; 4 = more than 50% of the sub crown internode di *olored.
Analysis of the results showed a significant 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 frcon the sub
crown internodes, made by Mr W. Grey (Montaiia State University), showed
Cochliobolus sativus to be predominant and Fusarium s. 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 0.2aa) 

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

Arabi aswad 1.6 1.3 0.7 l.Oab 

SLB 39-60 1.0 1.3 1.7 i.5abc 

ER/Apm//Belle/Mafl02 	 0.9 1.8 1.6 1.7bc 
ICB82-1367-SH-2AP-OAP 
Sawsan/Lignee 527//Arar 	 2.9 0.7
2.' 1.7bc
 
IWf82-0076-1AP-3AP-OAP
 
Kervana/Mazurka 
 - 3.1 1.3 2.2bc 

ICB77-0369-4AP-IAP-OAP 
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 cAit under 
controlled environmental conditions. This test, developed by our 
collaborators of Montana State University, was n.dified 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 



130
 

large difference was noted between two successive seedling tests, a 
distinction could be made between highly resistant and highly
susceptible lines (Table 96). The local Syrian oiltivar 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 
fond in Syria. The ladrace-line 'Tadmor', a selection fron a black 
seeded population has a very high resistance, while a number of 
improved lines and the Jordanian lardrace-line 'J1B 6-38' gave a 
susceptible reaction. 

The differences in resistance found in ICARDA's gerplasm pool and 
the changes in farming practices in West Asia, which are expected to 
prcmote the development of root rots, justifies an increase of research 
efforts on these pathogens. A number of experiments are planned for 
the cming season to measure the impact of root rot on yield in 
different environments, as well as research on varietal differences in 
resistance to root rot. 

J.A.G. van To 
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3.3. Entomology 

Introductioni
 

The Cereal Program Entamology Project seeks to develop the
research capabilities of national program scientists in countries 
falling within the ICARDA mardate, conduct research beyond the present
capabilities of the national programs, and train technicians,
scientists, and students in current entomlogical techniques and
tleory. A sunary of current projects is contained in Table 97. 

Table 97. Cereal Program entamlogy projects diing 

Proj ect/Description Location 

Wheat Sten Sawflies 
1. 	 Resistance screening-to identify Tel Hadya, SYRIA
 

resistant gernplasm for breeders.
 
2. 	 Factors affecting sawfly resistance Tel Hadya, SYRIA
 

in wheat (with Tischrin University)

3. 	 Chemical analysis of WSS resistant Tel Hadya, SYRIA
 

plants (with Canadian Grain Ccmission)
 
-to identify chemicals playing a role
 
in WES resistance.
 

4. 	 Field trials of resistant lines SYRIA, MOROCCO 
-to field test materials frm caged 
screening trials.
 

Sum Pest 
1. 	 Resistance screening-to identify sour Azaz, SYRIA 

of sunn pest resistance in wheat 
Hessian fly

1. 	 Resistance screening-to identify and MDROCO 

verify sources of HF resistance in wheat 
and barley (with INRA/MIAC)


2. 	 Biotype identification-to identify HF MOROCOO, ALGERIA,
biotypes in the region using the Uniform TUNISIA, SYRIA,
Hessian Fly Nursery (with INRA/MIAC) URK, LEBANON 

Ahds 
3. 	 Resistance screening-to identify and verify EGYPT, SUDAN, 

sources of resistance in wheat and barley ETHIOPIA 
(with natior-l programs of Egypt, Sudan, 
Ethiopia) 

Grourd Pearls ( tritici)
1. 	 Biological studies-to describe the life Bouider, SYRIA 

cycle ecology of P. tritici (with FRIP)
2. 	 Effects of crop rotation-to examine the Boulder, SYRIA 

effects on P. tritici populations of using
 
a barley-vetch-fallw rotation (with F1MP) 
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The development of networks between countries sharing commoninsect pest problems constitutes the foundation for many of theentnmology project's activities. Insects identified for work by eachsubregional network constitute a major economic threat to stable cerealproduction in each of the countries involved. ICARDA seeks tofacilitate cooperative efforts between participating countries and toprovide international contacts as needed by the respective project toinsure the flow of new technologies fran more advanced countries to
those less developed. The participating countries and ICARDA form apartnership dedicated to utilizing all economically and technicallyfeasible pest management techniques in an integrated effort to reduce
pest depredations. This report will deal primarily with those insect
problem researched in 1987/88 at research stations northernin Syria(sawflies, sunn pest, ground pearls), Egypt, Ethiopia, and Sudan
(aphids), and in North Africa (Hessian fly). 

Wheat Stem Sawfly
 

Akout 270 lines each of barley, bread wheat, and durum wheat werescreened under cages at Tel Hadya in replicated trials. Identical
trials were planted in a sawfly "hotspot" 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 lines were1800 barley evaluated for susceptibility toWSS by the Cereal Program's Pathology Unit. Similarly, the DurumGermplasm Evaluation team rated another 3584 durum lines for WSS. While 
none of the lines rated by the Pathology Unit proved resistant, 90lines were rexumended by the Dirum Evaluation team for inclusion incaged WSS screenings in 1988/89. Most of these lines evidenced somedegree of pith accumulation in the stem, suggesting the importance ofsolid stem in imparting resistance to WSS in wheat. Barley, durum, andbread 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 WSSpopulations in uncaged areas, only those Lines exhibiting less than 10%infestation rates when data from caged zMd uncaged trials were pooledwere selected. Arabi Aswad (barley), Mexioak (bread wheat), and Haurani
(darum wheat) checks were all highly infested and not included in Table98. Regressions of percent WSS infestc-ition onto percent mean stemsolidness were significant for both durum and bread wheat, althoughmore variation in infestation was noted in plants with solidnessstem 
irKnioes near 60%.
 

This trend was repeated in the study testing the effects of plantspacing on WSS resistance and may indicated factors other stemsolidness in durum wheat that play 
than 

a role in WSS resistance. In thisstudy WSS infestation was significantly related to the distance betweenplants rather than to the perfonance of t!he 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.
 

Name 
 Pedigree 


Barley 

FB73-075 

Durum Wheat
 

Gezira 17/Scaup ICD-HA8-1917-3AP-lAP-1!AP-OAP 
Bit/Creso CD34346-2TR-2AP-AP-0AP 
A63040/Sty//Ids/3/Wir4/Erp/Ruso 
0.83 
 8.33

Can2lOl/Magh//Stk/3/Wlls 65150 
0.83 
 8.75

Bit/Creso 
 CD34346-2TR-2AP-IAP-OAp 
D-2/Bit 
 CD20796-4AP-6AP-2Ap-0AP 

21563/Jo//D.dwarfSlS/Cr 
 L0414-3L-IAP-IAP-4AP-OAP 


Bread Wheat
 

Fta/W71//Imuris 
 C4H80A-276-1B-2Y-lB-lY-B-OY 

Fta/W71//Imris 
 aCMH80A-276-1B-2Y-1B-2Y-2B-0Y 

Rmn F12-71/Jup//S 
 CRI76 584-O1H-IH-IS-05 
Y50E/Kal*3//Rg 'S '/Soty 3Sx/Wc/4/Hork 
WCBS7 (159) 

Rbs/Ti Resel 

Gll/Ti/3/Kvz//Kal/Bb/ 


4/Ka1/3/Cnqoar//On
Bol'S'/Pvn'S• 


5.41 
SR44781-2-3AP-AP-AP-Ap 
CM54580-3AP-lAP-2AP-OAP 

CM58696-5AP-2AP-IAP- -0Ap 


% Infestation 

Soure No. 1987 1988
 

BAB8S5 (14) 0.83 2.08 

DCB87 (37) 0.83 5.00
 
DXB87 (11) 1.25 7.92
 
CD35072-C-5Y-lM-OY 
 DCB8 7 (123) 

CDI511-3S-2AP-2AP-3AP-0APDCB87 (19) 

DCB87 (20) 0.83 9.58 
DAT87 (116) 1.66 9.58 
EIAT87 (608) 1.66 10.00 

WCB87 (72) 2.91 5.00 
WCB87 (71) 0.83 5.42 
WOL86 (89) 4.58 7.08 
CM3 9867-2S-AP-0AP-3AP-2AP-2AP-0AP 
7.50
 

WCB87 (43) 5.00 8.75 
WCB87 (33) 3.75 8.75 

WON87 (42) 2.91 10.00
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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 Mieat
 
Variety 	 Plant Spacing 

Wide spaced Closed spaced
 

Resistant I 2.3 N 14.4 N 
0.0 C 2.2 C
 

Non Resistant 2 2.4 N 38.8 N 
0.6 C 34.4 C
 

Bread Miat
 
Variety Plant Spacinr 

Wide spaced Closed spaced 

Resistant 3 1.1 N 8.3 N 
1.0C 5.0C
 

Non Resistant 4 1.1 N 16.7 N 
3.0 C 17.2 C
 

1) Fta/W71//Imuris; CMH80A-276-1B-2Y-IB-2Y-2B-0Y; WCB87 (78)
2) Mexi k 
3) Po; 19539-D-lY-lAP-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 cn apart (Table 100). Similarly, Zadoks
development (Table 101) and plant height (Table 202) 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 conducted by several students in
agriculture at the University of Aleppo, with ICARDA assistance,
revealed that wild grasses surrounding farmer's cereal fields may
provide significant numbers of sawflies. They observed infestations of
22% in wild grasses in Idlib Province as xrnpared to 30% in barley, 25%
in Mexipak wheat, and 14% in Haurani 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). 
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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. 

Drum Wheat
 
Variety Plant Spacinr
 

Wide spaced Closed spaced
 
Resistant I 98.2 N 57.2 N
 

94.3 C 57.3 C
 
Variety -----------


Non Resistant 2 	 85.1 N 46.5 N 
87.2 C 45.2 C 

Bread Wheat
 
Variety 	 Plant Spacinc 

Wide spaced Closed spaced
 
Resistant3 97.2 N 76.5 N
 

84.6 C 66.5 C 

Non Resistant 4 	 96.9 N 66.8 N 
97,8 C 55.7 C 

1) Fta/W7//InuLris; CMH0A-276-1B-2Y-IB-2Y-2B-0Y; WCB 87 (78);
2) Mexipak; 3) Po; 19539-D-lY-IAP-OAP; DAT 87 (802); 4) Haurani 

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

Dunn Wheat 

Plant Spacinc
Variety Wide spaced Close spaced 

JD114 JD145 JDI60+ JD114 JD145 JDI60+ 
Resistant 44 N 71 N 96 N SO N 73 N 99 N 

47 C 71 C 99 C 56 C 75 C 99 C 

Non Resistant2 46 N 72 N 98 N 57 N 79 N 99 N 
45 C 72 C 99 C 58 C 75 C 99 C 

Bread Wheat
 
Plant Spacing


Variety Wide spaced Closed spaced 
JD114 JD145 JDl60+ JD114 JD145 JDI60+ 

Resistant3 38 N 72 N 99 N 69 N 87 N 99 N 
45 C 73 C 99 C 67 C 91 C 99 C 

Non Resistant4 50 N 70 N 99 N 58 N 82 N 99 N 
45 C 44 C 99 C 57 C 87 C 99 C 

1) Fta/W71//Inuris; C'IH80A-276-lB-2Y-lB-2Y-lB-2Y-2B-0Y; WCB 87(78)
2) Yexipak; 3) Po; 19539-D-lY-lAP-OAP; DAT 87(802); 4) Haurani 
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Table 102. 	 Plant height of durum wheat and bread wheat screened under 
natural infestations (N) and under cages (C) at Tel Hadya 
during 1987/88. 

Durum What
 
Variety Plant Spacing 

Wide spaced Closed spaced 

Resistant1 83.4 N 92t6 N 
92.2 C 96.4 C 

Non Resistant2 84.4 N 125.0 N 

112.6 C 132.5 C
 

Bread Wmeat 

Variety Plant Spacing 
Wide spaced Clcsed spaced 

Resistant 3 63.5 N 86.4 N 
73.8 C 88.2 C 

Non Resistant 4 69.9 N 85.4 N 
83.3 C 82.5 C 

1) Fta/W71//Imuris; 4H8Q-276-1B-2Y-lB-2Y-2B-OY; WCB 87(78)
2) Mexipak 
3) Po; 19539-D-lY-AP-OAP; DAT 87(802) 
4) Haurani 

provides a more accurate picture of the sawfly species composition 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 M M comprised
85% of the 9864 WSS used in the caged screenings, with Trachelus 
judaicus providing 15%. 

SUnn Pest 

Six hundred wheat lines were screened for sunn pest, Euryaster
interices (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 fron 1987 Tel Fladya collections identified by 
British Museum of Natur-i History. 

CERIIDAE (Sawflies)
 
Caeus D L.
 
Trachelus libanensis Andre
 
Trachelus jLudaicus Kono
 
Trachelus sop.
 
Calamenta idolon Rossi
 

IaIEXM)NIDAE (Sawfly parasitoid) 

Collyria coxator Villers 
Collyria orientator Aubert 

BRACONIDAE 	 (Sawfly parasitoid) 

Bracon terebella Wesmael 

Apids 

As in past years, nurseries assembled at ICARDA were screened 
against Schizaphis qg nm and Rhopalosiphum padi in laboratory trials 
in Egypt and in field trials in Sudan. Lines derived frcn crosses 
between caomercial Egyptian varieties and Bushland/Amigo derivatives 
showed S. cranum resistance in the laboratory but wcre heavily
infested by S. a 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 growir season, suggesting that they may indeed carry
resistance to Sudanese aphids but cannot cope with the extremely high
populations normally encountered near the eni of Sudan's winter cereal 
season. The incorporation of these resistance genes into backgrounds
suitable for the unique conditions of the Sudan, may prove effective in 
maintaining aphid pc~ilations at subeconomic levels if used iii an 
integrated management program with other pest control strategies. 

Four lines of Hordeum vulqare slp . spontaneum (Hordeum sponta 
were found resistant to S. , 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 ot wild 
barleys obtained frn 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 r'atural predators and a furgal disease of D. noxia have been 
described, Linkages are now being established between the Ethiopian
national program and ICARDA, and the Nile Valley aphid network to 



Table 104. Promising bread wheat and durm wheat lines screened under natural infestations of 
E. inteqrioeps at two sites in northern Syria in 1987/88. 

Name Pedigree 

Ahgaf 
Nkt'S' 
W33/Vee'S, 
PrI'S' 
MtUlIS. 

II	 5 8-57/4/Maya74'S,/ 

O3gn/3/(c/Inia/Ca.
Pvn'S'/Pam'S" 
Wa476/3/391//56D-81-14--53/ 

1015. 6 410/4/W22/5/Ana
F//68.44/Nzt/3/Oic'S' 
Cham 1 

Sabil 1 
Om Rabi 6 
Gallareta 
Ruff/Ru 

Plc/Cr//Stk/3/Dor//Dack/ 

Kiwi 

Om Rabi 5 
Gran CD40150-14B-1Y-2M-OY-14Y-OB 
Haurani (Iocal Check) -
Zincirli/4/Kkz/3/Nai60// IC!-HA81-1545-mP-1A--3AP-0AP 

Staring/2*Cmn/5/DoveISI
Rim F12-JI/Jup'S' SW765784* OR 8300226 

Grade 2 

3 1 2 
2 1 1 
3 1 2 
3 2 1 
2 1 2 

3 2 2 

3 2 1 
3 1 1 

1 1 2 
3 1 3 

3 2 1 
3 2 2 
3 1 1 
1 1 1 
1 2 1 

3 3 3 
3 1 3 
3 1 2 
3 1 1 

3 2 1 

Source No % INF 1 

(M40454-33Y-4Y-lM-0Y 

SW1I619-12AP-7AP-IAP-OAP 
CM25988-8Y-3Y-2Y-IM-IY-0B 
C47634-I-2M-3Y-1M-2Y-IY-2M-Oy 

CM40742-27M-1Y-2M-3Y-3M-1Y-OB 

CM61832-1Y-2M-4Y-IM-OY 
SM6525-1AP-OAP-IK-0AP 

SWK6637-2AP-0AP-3AP-IAP-3AP-0AP 
CM17904-B-3M-1Y-OSK-OAp 

ICD79-I437-25AP-1AP-OAP 
LO589-3L-1AP-2AP-1AP-0SH 
CD22344-A-8M-IY-IM-IY-2Y-IM-OY 
ICD80-1419-1AP-3AP-2P-0AP-JB 

CD27748-B-2M-2Y-IY-Oy 

L0589-4L-2AP-2AP-2AP-0AP 

% INF 

WCB8 

WB87 
WCB87 
WCB87 
WAC87 

WCB87 

WAC87 
WREt6 

WOIB6 
DAB87 

DCB87 
IAWT87 

DAT87 
DPT87 

EIRL6 

flT87 
DAT87 
IAT87 
R7SN87 

2 Grade 1 

(2) 
(11) 
(18) 
(36) 
(68) 

(91) 

(91) 
(21) 

(35) 
(161) 

(80) 
(713) 
(923) 

(1422) 

(10) 

(207) 
(922) 
(101) 
(341) 

PWSN87 (728) 


1 
3 
1 
1 
3 

2 

1 
3 

1 
2 

3 
2 
2 
3 

3 

3 
1 
2 
3 

3 
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expedite the screening of lines for resistance to D. noxia and the 
development of other management strategies. The training of Ethiopian
entomologists at the Giza aphid screening laboratory and in biocontrol 
techniques now being developed in Sudan 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 fran 0 to about 20% while barley
infestations were higher, ranging frn 0 to 80%. A survey of HF in the 
three Maghreb countries is scheduled for 1988/89 in conjunction with an 
entomology training workshop to be held in Morocco. 

R.H. 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 canbe easily evaluated for processing and nutritional quality. Thisapplies for 	early generations where several thousands of samples and afew grais of seed are available. Developing a new method formeasurement protein strength of bread wheat is under investigation.
Preliminary 	work on this aspect showed the pssibility of using nearinfrared technique. The oereal quality laboratory conducted aver 46000tests during 1987-88, which are summarized in Table 105. 

-Table 105. 	 NumLb-: of tests carried out at ICARDA cereal quality
laboratory, 1987/88. 

Project TKWa VKC PSI SDS YP FM FAR KSD DP PiRT TOAL 

Barley 2638 - - - - - - 500 910 2763 6811 

Bread Wheat 1896 - 1080 - 1896 46 46 - - 1896 6860 

Durum Wheat 1900 1900 - 672 1900 42 42 - - 1900 8356 

Durum Germplasm 2546 c 2546 - - 2546 - - - - 2546 10184 

High Elevation 1733 810 427 810 810 46 46 - - 1733 6415 

FFVrb 544 222 161 - 222 383 383 - - 544 2479 

Other 2444 180 - - - - - 60 - 2265 4949 

Total 13711. 5658 1668 1482 7374 517 517 560 910 13657 46054 

a. TEW Thousand kernel weight, VKC = Vitreous kernel cwant,
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. 

Promising Barley from late Planting 

Advanced barley yield trials were planted late (April 1988) at TelHadya under rainfed conditions. Sae of the lines with a high yieldpotential in normal planting had a high protein content and a largekernel size 	under the stress conditions 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. 

Eitry No. Grain yield Protein TRW
 
(Normal planting) (%) (g)
 

kg/ha
 
NP LP NP IP 

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; TEW = 1000 kernel weight 

Diastatic Power Test
 

Since the diastatic power test is essential for screening malting

barley, the efforts in 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 obtained
 
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 Low rainfall Irriqated 
Protein FST TRW Protein FST TEW 

Nawras 11.3 4.5 31.0 10.3 7.0 33.9
 
Saker 10.5 37.4 5.6
6.8 	 11.0 42.6
 
Zarzour 11.0 7.7 40.4 
 11.1 	 4.3 45.4
 
Mxipak 65 11.2 27.7 	 2.5
4.5 	 10.0 30.7
 
Cham 4 10.6 3.0 29.0 
 9.3 2.4 32.2
 

FST = Farinograph stability time (min). 
TEW = Thousand kernel weight (g). 
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Ne Be Meat Lines Promoted for On-farm Trials 3988-89 in Syria 

The main objective of the bread wheat improvement program at
ICARDA is to develop high yielding, stable varieties, with good
nutritional and processing quality. in the grain quality work carried 
out 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 promoted
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 distinct and desirable c-haracteristics 
are presented in these lines:
 

a) protein content ranged between 10.3-11.3% wich is close to the 
protein content obtained under i.xmers' field conditions. The
quality data were Lbtained from samplcs gron under low rainfed 
and under irrigated consiitions. This shcws that these lines have
quality stability. It is expected that they will maintain protein
level under farmers' field conditions in years of variable 
rainfall. 

b) these lines have excellent bread making potential (two-layered
flat bread). Thn character is given by the medium gluten strength
at protein level of 10.3-11.3 %. 

c) grain quality of these lines is superior to the local and 
improved checks grown in farmers' fields in Syria. 

Inportarx of Protein Strength Measurements for Durum Mieat 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 sum durum lines. In ccubination with high
variability in protein strength (sodium dodecyl sulfat, or SDS
sedimentation range 13-54 ml) the new lines having high protein content
but poor 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 nivolving T. dicocoides has
indicated that the presence of electrophoretic band No. 45, hailed as a
marker to high quality in dunm wheat, may not be fully reliable. Sane 
genotypes with band 45 appear tc have inferior gluten strength, while
others without band 45 have been found satisfactory. The results are 
summarized 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 re?'enablc to l ow 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 Farinograph stability values of 3.0 to 0.6 minutes,
designated as weak to very weak. Vitreous kernel counts varied fron 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 agglomeration of protein, starch, and the oil a-i cell 
wall ceponents 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 
carponents, 	 to form a coherent molecular complex. 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 hydrophlic sites on the molecules as they are produced. 
 Under
conditions of luxury water availability same of these single water
 
molecules preferentially form aggregates with adjacent water molecules,

and are therefore not available for hydrogen bonding hydrogen
or

bridging between the main grain constituents. As a result the overall
 
cellular matrix becomes correspondingly weakened.
 

Table 108. 	 Correlation coefficients between protein 
content and protein strength. 

SDS SDSI FST FMT
 

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 = 13-54mi;
SDS = Sodium Dodecyl Sulphate sedimentation volume;
SDSI = SDS index;FST=Farinogiaph stability time (min);
FNT = Farinograph mixing tolerance (Brabender units) 
ns = Not significant, ** ignificant at level P<0.01 
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Table 109. Quality of tetraploid genotypes 
electrophoresis band No. Rm 45. 

with and without 

Line No. Protein 
% 

% with 
Rm 45 

SDSI Classificationa . 

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 frum 
irrigated and high rainfall areas. 

location Variety/ Protein VKCa. SDS Farinograph Class 
genotype % Irex 

(minutes)
stabilitZ9. 

Deir Ezzor 	Gezira 17 12.7 99 2.1
2.52 	 Weak

Raqca 	 Gezira 17 14.6 96 2.33 2.3 Weak
El (hab 	 Gezira 17 7.8 2 1.79 1.0 Weak
Idleb 	 Gezira 17 9.9 47 1.41 1.2 Very weak 

Deir Ezzor Chan I 11.4 69 1.32 1.3 Very weak
Raca Chamn I 15.0 99 2.21.33 	 Very weakEl Ghab Chma I 9.6 3 1.40 1.4 Very weak
Idleb Chan I 10.2 1.1864 	 1.5 Very weak 

Deir Ezzor Douma H326 10.5 56 2.00 1.6 Very weak
Raqqa Douma H326 12.9 88 1.82.02 	 Very weak

El Ghab 	 Doima H326 8.4 3 1.67 1.1 Very weak

Idleb 	 Douma H326 10.8 63 1.57 1.0 Very weak
 

Tel Hadya 	 Hauranii 12.8 
 92 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 EI-Hararein, A. Sayegh and P.C. Williams 
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3.5. Appl ied Biotednology 

Introduction 

Three aspects of in vitro techniques for use in crop improvement 
are considered here. These are maintenance, creation,and recombination 
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 samaclonal and 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 Widestresses. cross hybridization 
may be attenpted 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 
hybridization is also feasible through protoplast fusion, direct 
injection of EA, etc. 

These as-pects superficially resemble those used in conventional 
plant breeding and are actually onplementary to them. Techniques such 
as haploidization, An vitro selection, and embryo rescue, are at 
present available to develop new varieties. 

Mleat haploid production 

Haploid production is of great value to plant breeders, because if
 
followed by chromosome doubling it is possible to quickly obtain
 
genetically homozygous lines. The production of doubled haploids is the
 
most rapid technique for developing uniform hamozygous breeding lines 
and may cuplement conventional breeding programs.

Intergeneric hybridization of wheat and wild barley, Hordeum
h , produces haploid wheat embryos because H. bulbosum 

chromosoms 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. 

Crusability between wheat and H. bul-bosum 

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. bumosum clones were 
examd. 

Average seed setting frequency with embryos on 29 wheat genotypes
pollinated with 13 clons of H. bulbosum ranged from 0.0% to 18.6% 
(Table 111). Since some 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 clore 	 SY-lll. The frequency of seed set was not associated with
morphological charactPrs observed in H. bulbosum clones. Statistical 
analysis 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. 	 Crssabilities 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 
2. Gerek 79 

lurkey 336 
382 

0 
0 

0 
0 

3. Haymana 79 392 0 0 
4. Kirkpinar 79 424 0 0 
5. Atay 89 
6. Kirac 66 
7. Cakmac 79 
8. Kunduru 

458 
406 
424 
396 

0 
1 (0.2) 
5 ( 1.2) 
0 

0 
0 
1 (0.2) 
0 

9. Diyarbakir 86-1 356 0 0 
10. BVD-l 
11. Roshan Iran 

364 
380 

0 
0 

0 
0 

12. Adl 
13. Gmid 

" 
" 

372 
400 

0 
0 

0 
0 

14. Rashid " 352 0 0 
15. Bayat 404 0 0 
16. Bisotoon 
17. Tabassi 
18. Darab 

388 
376 
390 

9 ( 2.3) 
17 ( 4.5) 
0 

6 (1.5) 
17 (4.5) 
0 

19. Sabalan 
20. 1646 Bio Morocco L. Morocco 

359 
364 

3 (0.8) 
0 

2 (0.6) 
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 
25. Local White 

N. Yemen 
Pakistan 

250 
334 

2 (0.8) 
0 

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 In crosses of four 
Japanese wheat genotypes with thirteen clones of H. 

H. bulbosum genotype Wheat genotype3/ 

Clone Plant Heading Norin 61 Fukuho Mikuni Aoba Mean 
heightl/ time2 7 

1 SY- 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 17.2 7.3 5.2 6.9 9.2
 
4 SY- 39 S E 3.2 3.4 1.9 1.6 2.5
 
5 SY-100 S E 19.6 4.8 6.5 0.0 7.7
 
6 SY-IIl M M 37.5 30.0 10.0 
 16.1 23.4
 
7 SY-119 M E 26.8 12.5 18.0 16.0
6.7 

8 SY-120 T L 13.8 21.2 3.1 0.0 9.5 
9 SY-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 SY-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 is s-If-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 crocsability. Since 
strong cross-incoapatibility 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 genotypes,
which may enhance seed setting of wheat genotypes. 

Wheat anther culture 

This year, 7 Fl 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 280C. All embryoids emerging from
anthers were transferred to a regeneration medium (He and Ouyang 1984).


Inoculated anthers (7974) produced 269 embryoids. These embryos
regenerated 36 plants including 12 albino plants, at a frequency of
0.45% (Table 113). This frequency was comparable 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 regeneration from 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. Inaaaki, m. Tahir 

Doubled haploids and in vitro culture methods for cereal improvement 

In 1988, an additional project was started to develop and
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 Improvenient 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 
overcoe the poor response of durum wheat to haploid plant production
techniques. Another objective is to develop prerequsites for the
combination of in vitro selection and doubled haploid plant production
i.e. efficient in vitro screening systes by identifying components of
complex phenotypes amenable to selection at the haploid cellular 
level, and powerful culture-regenerating methods using populations of 
isolated microspores. 

P. lashers 



149 

3.6. 	Evaluation of Wild Relatives of Wheat and Idetification 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 progenitors,
wild relatives and primitive forms of this crop. Howtver, in spite of 
the potential for genetic inIiprovent of wheat varietic: for tolerance 
to stresses in harsh environments of the region through plant
breeding, the utilization of non-conventional 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 variability that such germplasm harbours. 
This variability of traits is being unmasked through a ccxprehensive
evaluation project incorporating nilti-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 geriplasm. 

During 1987/88 a major part of ICARDA's Aeiilops collection, 
numbering 662 acoessions from 2/ different species, was evaluated at 
Tel Hadya ird Breda, ICARDA's mxlerate (>350 mm long-term average) and 
low (<275 mm) rainfall sites in NW Syria. The list of species
evaluated is given in Table 114. T6elve species were selected for 
statistical analysis as the others did not have a representative 
number of aocessions. 

Table 114. List 	 of species of Aegilops evaluated for six 
econoncmically 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 C Ac. recta* 6X UMn 
Ae. columnaris* 4X UM (= Ae.triaristata,6x) 
Ae. ccmosa 2X M Ae. searsii 2X S 
Ae. crassa 4X,bX [IM,DOM Ae. sharonensis 2X S 
Ae. cylindrica* 4X CD Ae. speltoides * 2X S 
Ae. 
(= 

geniculata* 
Ae. ovata) 

4X UM Ae. 
Ae. 

squarrosa* 
triuncialis* 

2X 
4X 

D 
UC 

Ae. kotschyi* 4X US Ae. umbellulata * 2X U 
Ae. longissina 2X S Ae. uniaristata 2X Un 
Ae. lorentii* 4X UM Ae. variabilis 4X US 
Ae. mutica 2X Mt Ae. vavilovii 6X DMS 

Ae. venitricosa 4X DUn 

* Species included for statistical analysis. 
* Genoe 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
striiforis) infection at both locations was scored (Table 115). 

Table 115. 	 Yellaw rust infection on Aeilops 
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. squarrosa 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. In 
other words, the difference in ecological conditions at the two sites 
were not able to influence earliness or lateness in Aegilops spp.


A formula for the transfoiitation of numerical values into three
categories or scores used 116). Trends for somewas (Table 	 species 
were noticed independent of the location. For example, Ae. kotschyi 
was early heading and maturing whereas Ae. speltoides was late with Ae.
Qeniculata (= Ae. ovata) intermediate. Also Ae. s (the donor
of the D gentle to bread wheat) had low tillers/plant. 

Evaluation 	for Disease Resistance 

ICARDA's Aeiilops collection was tested at the University of
Tuscia, Viterbo, Italy, by Dr. Carla Ceoloni under supervision of Dr.
E. Porcedu for resistance to powdery mildew (Ervsiphe g 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 l16.Qualitative description of four 	characters in Aeqilops spp. 

Farly Heading
 
If Xi < X - s.d. then score = 1 Early maturing
 

Short plants
 
low tillers/plant
 

If X -	 s.d. < Xi < X + s.d. then score = 2 Intermediate 

If Xi > X + s.d. then score = 3 	 late heading
 
late maturity
 
Tall Plants
 
High tillers/plant
 

Where: 	 Xi = Observations on individual aocs. 
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 subsequently specifically characterized by 
its ability to attack the normally effective Pm4 resistance gpne which 
is present in several high yielding Italian durum wheat varieties. The 
inoculum for two leaf rust populations were derived fran ra-pr rsentative 
areas for this pathogen one being from central Italy (Rome) and the 
other from the south (Foggia). The resistance was tested on 
artificially infected seedlings grown under optimal greenhouse 
conditions for each of the pathogens. The virulence of the disease was 
scored on a 0-4 scale. 

Approximately 410 accessions fron 19 different Ariop 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 completely susceptible and 16 as segregating. Numerous 
sources of resistance are apparently available, both at the diploid 
level, including species which carry the S, C, M, Mt, D and U genome, 
as well as at the polyploid level. Due to the presence of more than 
one potential donor genome, a larger fraction of the polyploid Aegilops 
spp. turned out to be resistant as compared to diploid ones. In most 
cases, they had the genomic constitution UM [Ae. biuncialis, Ae. 
columnaris, Ae. geniculata (= Ae. orata), Ae. neqecta (= 
triaristata)], UC [Ae. triuncialis], US [Ae. kotschi, Ae. variabilis] 
and CD [Ae. cylindrical. 

In the case of leaf rust the difference between diploid and 
polyploid species was less evident. When tested against the pathogen 
population isolated near Rome a total of 241 (or 70%) out of 345 
accessions were highly resistant. Also, ca. 276 accessions were 
resistant when infected with pathogen from Foggia. Once again, 
resistant accessions belonged to different species frao 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.lonqissima, Ae. mutica, Ae. speltoides and Ae. s among thediploids and virtually all of the polyploids. It would be practical totransfer both resistances from the same wild donor into cultivated
wheat. However, to achieve this goal proper cytogenetical
manipulations of the selected genotype to induce dchrames of thedonor 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.

Wile further tests are in progress at the University of Tusciathere seems to be little doubt as to the usefulness of Aeqilops. On
the basis of first year's results sae accessions with promising traitshave been given to breeders for further testing and eventual use in 
crosses. 

A.B. Da ania, J.P. Srivastava, and L. Pecetti 
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4. International Qoperaticn 

A. O _eratian with Natital Programs 

htrourtin 

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, gerplasn development, and crop improvement through improved
production 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 
production in stress environments and significant increases in 
moderately favorable environments. 

Within the region, areas with common production constraints were 
identified, and in addition to the already developed subregional 
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 presentedare 
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 
inported to meet local requirements.


At Sidi Bel Abbes, the total rainfall during 1987/88 crop season 
was 227 nm, this is 164 nn lower than the annual average of 395 nm. 
Rain distribution was also poor as 81.3 n fell during October,
November and December, and 40 nun only during February, March and April. 
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In April and May total rainfall was 20 nm. Full advantage of this
drought was made by selecting drought tolerant gerlasm. 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 0. Zenati. 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 theimproved 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 Rohowith 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 andproduction technology were conducted in unreplicated 1/2 ha plots in 
zones I, II, III and IV of the Wilaya. They included one improved
durum variety; Waha, one bread wheat, Flicker-Hork's'and one barley,
Rihane-03. Each variety plantedwas in at least 3 sites in each of the
four zones. The results in general demonstrate that the production caneasily be doubled even in difficult years and using local varieties.
Waha yielded 0.6 tons/ha compared to 0. Zenati 1.0 torVha 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 researurers participated in various
ICARDA, Aleppo and ICARDA North Africa cereal activities examples are
participation in Tunisia/ICARDA, Morocco/ICARPA coordination meetings,
visits to 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 andLECSA/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 Morco 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 and 
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 Marzaq 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 achievenents: 

- Improved training level of the national workers to carry independent 

research. 

- Adoption of efficient release and seed multiplication 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. FourtLy three verification trials and 26
demorstration trials were implemented in the favorable, semi-arid and 
mountainous areas of Morocco. 

- Identification and training of junior 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
agroncmic characters was generated in Tunisia for the Maghreb while
crossing for diseases resistance were done in Morocco. Also
germplasm resources under advanced testing from Tunisia were shared 
with the Moroccan and Algerian national prograi. Conersely, lines
under advanced testing in Morocco were tested at two locations in 
Tunisia and another two environimets in Algeria. 

- A travelling workshop in Morocco in which 26 breeders and
pathologists fran Algeria, Morocco, and Tunisia participated. 

- Coordination 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 from the Maghreb, to
exploit the genaplasm from regional and international organizations,
and to analyze research results fron previous seasons. 

Tunisia 

The Tunisia/ICARDA Cereal Project is a collaborative project
between the Institut National de la Recherche 1gronamique de Tunisie
(INRAT) and ICARDA. However other national irstitutes, such as, the 
Institut National Agronamique de Tunisie (INAT) and the Direction de
l'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 ccnpared
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 ccmmercial
varieties under this year's drought conditions. It gave a 15 to 20% 
yield advantage over the widely grown variet- 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%. Some 
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 conditions 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 conditions. 
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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 durum genriplasm was determined using 1000
kernel weight, specific weight, vitreousness and protein content. Due
to the drought all variables decreased except for protein content. The 
variety Ben Bechir was particularly higher in 1000 kernel weight than 
other varieties irrespective of location. 

Sixteen lines were drought tolerant and had a 1000 kernel weight
higher than Karin of a set of 200 lines selected from the durum world 
collection. 

On-farm verification/demonstration trials conducted by [AP Gf
l'Office des Cereales verified results obtained from 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 frau 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 dur n 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 of scald net blotch. The isolateseach and scald 
originated from collections made in Tunisia, Morocco and Syria while
 
the net blotch isolates originated fran collections fron Cyprus,
Morocc'o, 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 isolates
originated from collections made fran Tunisia, Morocco, Egypt and
Cyprus. Results showed that the North African isolates were more
virulent than isolates fror 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 MorooL o.
The survey was conducted by pathologists from Tunisia, Morocco as well 
as ICARDA. An insect survey was concurrently conducted in Tunisia and 
Morocco. 

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 moDnitoring nursery and will be grown this
coming 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 
mor hological 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 Regional Project-Egypt, 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
Egyptian scientists in Egypt an-d 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 visited
ICARDA 

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
ountries covering cereals and cool-season food legumes. SAREC has 
funded the Ethiopian comonent of the food legume and part of barley
activity; the Dutch Governmt 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 committee comprising national program
coordinators and relevant ICARDA staff to revici, 
the workplan developed

by national program and oversee the project inqplementation. Detailed 
workplans for 1988/89 were developed for each contry at a coordination
 
ieeting 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.
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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 ICARD with soue 
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 for the use ofproviding gernplasm other 
countries with similar agroclinatic conditions. Work on barley
development for low rainfall grazing lards 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 (NCARTT), 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-UOJ on-farm testing and participate in scientific 
meetings. Five persons from Jordan were trained in various topics
relating to cereal improvement. 

Latin America 

The CP's barley breeder, through the joint CINMYT/ICARDA barley
improvement program, continued to provide disease resistant gernplasm
suitable to the growing conditions prevailing in countries of the 
Andean region (Bolivia, Ecuador and Peru) and similar areas. 

ILan 

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 various 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.
Gernplasm, consultancies, 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
participatd in various training activities at ICARDA. Joint on-farm
verification trials of wheat and/or barley have been inconducted 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
promising entries tested in the on-farm trials. Grain yields were not 
as high as would have been expected from the high seasonal rainfall,
perhaps because of diseases and terminal heat stress. 

ICARDA scientists along with Syrian colleague scientists,
participated in meetings, work groups and field days organized by
Syrian institutions. this season,During 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 genmplasm and information, wheat and barley
germplasm from was at andICARDA tested Ankara Haymana through a
collaborative arrangement with the Field Crop Improvement Center at
Ankara. Five researchers visited ICARDA to attend cereal training 
courses. The Turkish government organized an International Symposium
on the Sunn Pest which was attended by scientists from western and 
eastern Europe 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 Rpublic (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 Country
Training Course on Techniques of Cereal Improvement" was held at the
Agricultural Research Authority in Chamar, 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
from Saudi Arabia, Kuwait, Yemen PDR, and Yemen AR. 
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B. Oxoperaticn with Distittions outside the Regicn 

The Cereal Program has several collaborative research projects
with advanced institutions in various countries. Brief notes on each 
of the following collaborative projects with advanced research 
institutions are given below: 

1. Evaluating Durum Wheat Gernplasm for Drought Tolerance. 

Collaboration with Agriculture Canada, Research Station, Swift-Current, 
Canada. 

Based on a single-replicate screening of about 4000 durum wheat
aocessions 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 
and 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. Scmaroo, ICARDA. 

2. Collection, Evaluation and Conservaion of Barley and Durum Wheat 
and 7heIr Wild Relatives. 

Collaboration with the University of Saskatchewan, Canada. 

Gernplasm is being evaluated for a number of morphological and 
agroi&mic characters and rcsponse of field level drought at ICARDA, the
University of Saskatchewan, Saskatoon Canada and Jordan University of 
Science wA Technology. - S. Jana, University of Saskatchewan, Canada,
A. Jaradat, JUST University, Jordan, and J.P. Srivastava, Cereal 
Improvennt Program, ICARDA. 

3. Grain Quality and local Product Evaluation on Barley and Wheat. 

Collaboration with Canadian Grain Comission, Winnipeg, 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 Ccnmission,
Canada, and J.P. Srivastava, Cereal Improvement Program, ICARDA. 

4. Screening Advance ICARDA heat and Barley Gernplawn for BYDV. 

Cooperative research with Instituto de Investigaciones Agropecuaries 
(INA), Chile, and laval University, Canada. 

The project supports research on BYDV on cereals in North Africa,
which includes surveys for BYDV incidence, losses induced by it and
testing cereal germplasm for BYDV resistance using arLificial 
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 
an BYDV will be initiated in Algeria. I[RC provided US$. 47,700 for 
the three years fran November 1986. - Dr. K. Makkouk, ICARDA. 

5. Yield Physiology of Durm Weat. 

Collaboration with Institute of Plant Breeding, University of 
Hahenheim, Germany. Funded by Vater & Sohn V & S Eiselen Stifturg. 

The objectives of this project are: to find new sources for 
phatcperiod insensitivity; to understand linkage between photoperiodinsentivity and thermo sensitivity (vernalization); to urxlerstand how 
plants react durirq 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/CI S'. 

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 Resistanoe to Yellow Riust, Seporia, Scald, and 
MryMildew. 

Collaboration with EMP, Elvas, Portugal. Funded by Government of 
Portugal. 

Collaboration in cereal pathology with ETNP in Elvas continues to 
be of great value. aRJP has provided excellent data on yellow rust,
leaf rusts, scald and septoria tritici blotch, as well as results on 
the virulence of leaf samples fran the region. - E. Barradas, M.J. 
Concalves, EMP, Portugal, and O.F. Mamluk, J.v. Leur, Cereal 
Inprovement Program, ICARDA. 

8. Barley Stress Physiology. 

Collaboration with University of Cordoba, and INIA, Spain. Funded by
Government 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 Cordoba, 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 environments. Work on specific identified traits such 
as vernalization requirements, chlorc hyll 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. Develcpment 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 
objective 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 ani it should be tested on a wider range. No 
single metabolite correlated adequately with the degree of drought 
stress experienced by the varieties testel. 

Work done on photosynthesis indicated that both stomatal and non
stcatal control occurs and that heading 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 London, U.K. and E. 
Acevedo, I. Naji, Cereal Improvement Program, ICARDA.
 

11. 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 barliy. The study will help scientists 
better urJerstand how different genotypes of barley adapt to different 
environments. 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,
FlthP, ICARDA, and E. Acevedo, S. Ceccarelli, CP, ICRDjA. 
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12. Coarative Inter-disciplinay Researc and Training Progrm to
Enhanxe Gernplasn Selected Grains for Lessof Cereals Favorable 
Erivircments. 

Collaboration between Oregon State University, USAID, Montana State 
University, Kansas State University, CINMYT and ICARDA. 

The objective 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. Research and Training an Barley Diseases and Associated Breeding 
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 
objective 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, crraduate 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$. 381.504 out of whichfor 1989 
US$. 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 D[cunmntation of Durum Wheat Germplasm (Funded by the 
Go ent of Italy) 

Collaboration between Cereal Improvement Program, Genetic Resources
Program, ICARDA, and University of Tuscia, Viterbo, Genrplasm
Institute, Bari and ENEA, Rome, Italy. 

The project which was initiated in 1985/86 has the following major
objectives: to screen durum wheat gernplasm collection at ICARDA 
utilizing an ecogeographical approach, to documrent, 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 to confirmcountries 
results. 
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With the data cminrg from 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 agranrphological as well as bio
chemical characters and the information has been entered into ICARDA's 
central computerized data-bank. In addition, data for seven 
economically important characters, which were evaluated differentin 
ouintries under the frame.york of a network of cooperating evaluators,

has also been analyzed. This has led to two beneficial developments
viz. the knowledge of the behaviour of genrplasm selected at ICARDA 
under environments 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. Scmaroo, A.B. Dmania,
ICARDA and E. Porceddu, Department of Agrobiology and Agrochemical,
Univ. of Tuscia, Viterbo, Italy. 

3. Improving Yield and Yield Stability of Barley in Stress Envirorments 

Collaboration with University of Perugia, Italy and Experimental
Institute for Cereal Research, Ministry of Agriculture, Catania, Italy. 
Funded by Government of Italy. 

The objectives of this project are: to assess the efficiency of 
the modified bulk in generating materials suited to stress 
environments; to select barley landraces and other lines for 
contrasting characters to dete-inine their importance for adaptation to 
dry areas; to test over a variety of different environments 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. 
sntaneum 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. Enhanwing Wheat Prxxctivity in Stress Envirnents 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 Lrudy 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-conventional genetic resources. 



A total number of 662 accessions from 27 different Aegilops
species were planted at Tel Hadya ani 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 accessions been givenselected have 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 Tlechniques in Cereal Inprov nt Using Anther 
Culture. 

Collaborative Project with G.I.S. Moulon, University of Paris South,
INRA, Franc&=. Funded by the Government 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. Stxengtheninq Barley and Wheat Researd and Training in the Nile 
Valley and the Arabian Peninsula. 

The project aims to solve some of the problems facing barley and
wheat production a period of time inin short 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
agricultural 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 held Mid-May in Morocco. fromwas in Scientists 
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Tunisia and Morocco as well as fran ICARDA and CIMYT visited 
experimental sites in the rainfed areas of northern, central and
southern Morocco (north of High Atlas Mountains), made selections and
held 	discussions concerning genplasm improvement. 

E. The following annual coordination meetings were orianized with
national programs to review the 1987/88 collaborative researd 
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 colleague-, in their research plots and laboratories and
discussing problems and research information on crop improvement and 
priorities. Sane national programs requested a review of research 
activities and solicited suggestions for accelerating cereal
production. Some Program scientists visited research centers in 
advanced institutions. 

G. Information Exdhange
 

In collaboration with the Scientific and Technical Information 
Program (STIP), the Program promted the exchange of information among
cereal researchers, and encouraged national scientists to share useful
research findings Rachis, barley and wheatin a 	 newsletter. It 
published 2 issues of Rachis, in English and Arabic. To reach the
larger comnity 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. 	 International Nurseries 

The international nursery system has three objectives: 

1. 	 To distribute improved barley and wheat gernplasm to and among
national progr-ams.

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 theinternational nurseries thefor use of all national program
scientists and ICARDA. 

In 1987/88 much effort was spent on in-depth analyses of the datacollected for the previcus years' regional yield trials and 	on thepublication of results in scientific journals. 

Types, Numbers and Distributicn of Nurseries 

Subdivision of the regular international nurseries into lowlandand high altitude areas, and further into low rainfall or moderaterainfall areas for the lowland, was completed for the 1987/88 season.The 	 types and names of the regular nurseries distributed in 1988remained the same as in the previous season aid are given in Table 117.
Besides the regular nurseries special specific trait nurseries were also distributed. In addition to the Bread Wheat Heat ToleranceObservation Nursery available in the last two seasons, four new

nurseries were assembled in 1988 (Table 1M7).
1987/88 was the second season that national program were invitedto nominate their best lines for testing in the international nursery

system. In the observation nurseries distributed in 1988, there were 26
entries ncminated by national scientists. 

In 1988, 1344 sets of regular nurseries and 156 sets of specifictrait nursexies were assembled and distributed from Aleppo to 131cooperators in 50 countries upon written request. Wheat nurseries were
developed through the joint ICARDA/CINKYr breeding activity at ICARDA.
Barley nurseries sent frcm Mexico through the joint 
 C2MMYT/ICARDA
activity at CDIMYP are reported by CIMMYT. Approximately 69% of all the
 nursery sets were distributed to countries 
within the ICARDA region.The 	number of sets distributed for barley, durum wheat and 	bread wheatrepresented 40%, 27% and 	 33% of the overall total, respectively.
Detailed information on distribution of nurseries for 88/89 can befound in the booklet "International Cereal Nurseries 1988/89 List. ofCooperators aid Distribution of Nurseries" available from the Cereal 
Improvement Program.

Though the demand of international nurseries by national progams
has continued to increase over the years, the numrber of 	 setsdistributed were kept to the same 	 level during the last two seasons.This was achieved by carefully considerating the requests on twoaspects: whether resources are available for a cooperator to handle thenurseries requested and whether the requested nurseries are suitable to 
cuoperators' environments. 
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Table 117. ICARDA's cereal international nurseries distributed 
in 1988.
 

Nursery Barley Durum wheat Bread wheat 

R~gular Nursery 

Crossing Block , 

Segregating Populations 

- Imw rainfall areas (IRA) 1 , _ _
 
- Moderate rainfall areas (MRA) 1 

* _ 
- High altitude areas (HAA) * •
 
- Lowland 
 - ,
 

Observation Nursery 

- Low rainfall areas (RA) 1 , ,
 
- Moderate rainfall areas (MRA) 1 , ,
, 
- High altitude areas (HAA) * * , 

Yield Trial 

- Low rainfall areas (IRA) 1 , , ,
 
- Moderate rainfall areas (MRA) 1 , ,
, 

- High altitude areas (HAA) *
 

Special Specific Trait Nursery 

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 Common Bunt and Yellow Rust 

1 IRA & MRA are for lowlands 

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 pqort
 

As in the previous two seasons, upon receipt of the yield trialfield books from cooperators, data were analyzed and results in theform of computer print-outs were returned to allow cooperators make amore and rapid decision on the germplasm. Annual nursery reports forthe 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 yearsImprovement in the observation nursery section. 	

with 
New 	 analyses andinformation incorporated into the reports since 1987 were: 

1. Similarity of trial sites and 	entries obtained 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. 

Classification of Genotypes 

Useful information shculd be extracted from 	previous international nursery results to let breeders target their germplasm more precisely.
The 	 first attempt to achieve this was initiated in 1986/87 when astatistical approach using multivariate cluster analysis was chosen.Cluster analysis is an empirical technique for grouping objects, sothat 	objects within the same cluster are 	 relatively homogeneous andwhile the group themselves are relatively heterogeneous.


The 	 objcctive of this study is to investigate phenotypic responsesof 	 advanced lines in the 	 regional yield trials to differentenvironments using cluster analysis. Numerous statistical procedureshave been proposed to quantify stability. The most widely used methodis regression analysis. However, theseall techniques follow thetraditional approach which transforms multivariate responses toenvironments into a univariate problem. They 	thus give only individualaspects of stability. Multivariate cluster analysis avoids thisdifficulty and has been widely accepted since the 1970s. Instead ofmeasuring stability by a quantitative parameter, genotypes areassigned into qualitative groups based on response similarities.
The 	 BMDP hierarchical, agglomerative 2 M program was employed forcluster analysis yield entry eachof mean of each from site. Entrieswere considered as cases and sites were variables. StandardizedEuclidean distance (standardized within each site) and centroid linkage 

were 	used. 
Data from the 1985/86 and 1986/87 regional yield trials have beenanalysis. Results were in the annualgiven 	 reports for ICARDA's cerealinternational nurseries for 1985/86 and 1986/87, available from theCereals Program. For demonstration, results of the 1985/86 RegionalBread Wheat Yield Trial, which has been studied in more detail, will bebriefly presented here. Grain yield from twenty four 	 trial sites inWest 	 Asia, North Africa and Mediterranean Europe analyzed.were Thesesites were rainfed or under supplementary irrigation and had a C.V. 	 forgrain yield less than 32% with yield data for all 4 replicates. 



171
 

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 
(x100,000) (xl000) 

Entry 22 74.34 3379 3.22 *** 
Site 23 5795.08 251960 240 *** 
EntLy x site 506 531.88 1051 3.33 *** 
Regression 22 27.57 1253 1.20 ns 
Deviation from 484 504.29 1042 3.30 *** 
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 fran regression MS 

The derorran 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 wds 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 CIMMYT, Mexico, or in Keniya, 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 



Table 19 Name/cross and pedigree 
for each of the 23 entries and their mean relative yield and
 
ranking over 24 sites.
 

Mean
 
Entry Name/cross 
 Relative
Pedigree 
 yield
 

8 Ymh/Tob//Ron 6
SE 175 -9S-2S-5S-S-3K-OK
11 Vee'S' .961
2 7
CM 3 3 0 -F-15M-500Y-0M-18B-0Y-0Ptz
12 Sham 1 (Improved durum wheat check) 1.045
 
1 Mexipak 65 (long-term check) .998
 

22 C182-24/CI68-3/3/(Cno/7C)*7C*2//Cc/Tob .968
 
SWM 6 8 2 8-6AP-2AP-2AP-2AP-0AP
5 Kvz/3/Cc/inia//Cno/Elgau//Sn64 .957

SE 3 8 1- 4 S-IS-IS-OS-2Mb-lMm-OMm
19 Bch'S'/3iBb/Nor67//CnoS,/7C .949
 
CM 35297-lL-3AP-OAP-2K-OAP .892
 

Sub-cluster A:
18 Jup'S'/7/Pch/6/Kt54A/NIOB//Kt54B/5/Nar59*

2 /4/Lfn SWM 5090-3S-IAP-0AP-3AP-0AP
10 SD 648.51i/SD 6 4 8 .5/5/8156//Chr//SN64//Kbre/3/Bb/4/Zbz 3 2 6 7 1.051
 

CM 0-6S-lAP-lAP-2AP-0AP
3 P106.19//Soty/Jt*3 .956
 
L 489-2L-2AP-OAP-8AP-0AP
13 Yd'S/Pci'S' .963
 
CM 35044-OL-7AP-lAP-IAP-OAP
4 P106.19//Soty/Jt*3 .954
 
L 4 8
9-2L-lAP-2AP-lAP-IAP-0AP
9 Bb/7C*2//Y50E/Kal*5 .993
 
CM 2 9 0314-TS-2AP-lAP-2AP-0AP
23 Sham 2 (Improved bread wheat check) 1.046
 

15 Maya 74/Cii .939
 
6 2 9 CM 39427-14AP-2AP-lAP-0AP
2 K 0.9/4/Cno/F58N//Tob/Cno/3/We/Sx 1.005
 

L 5l-2S-4S-2AP-2AP-6AP-OAP 
 1.043
 

Sub-cluster B:

6 1vz/Cgn 


SE I066-9S-1S-6S-OS-1K-OK
17 Hoopoe'S' 8 5 1.069

SWM 2 1 -2Y-3M-IY-2M-OY-3K-OK
7 Kvz/Cgn 1 06 6

1.028
 
SE -9S-lS-6S-OS-6K-OK
16 Kal//Bb/Kal//3/AU//Y5OE/KaI*3 1.074
 

6 CM 48418-A-3M-2Y-lM-3Y-0M
21 WA476/3/391//56D-81-14-53/ 1.061
 
3 /IOI5. 410/4/W22/5/Ana
4 SWM 6525-lAP-OAP-lK-OAP


76 1.023
20 WA /3/391//56D-81-14-53/3/1015.6410/4/W22/5/Ana 

SWM 6525-lAP-OAP-2K-OAP
14 Condor'S'/Ald'S' .997
 
CM 36903-lY-lM-lY-OM-'K-0K 
 1.046
 

Entry yield divided by site mean yield and then averaged over sites.
Explanation on pedigree: 
CM 
- CIMMYT cross; SWM - CIMMYT spring x winter cross; 
SE - Turkish cross;
L - ICARDA cross in Lebanon: AP 
- Aleppo (Syria); S - Izmir (Turkey); K 
- Kenya; Sa - Sakha (Egypt);
M, Y, B & Ptz - sites in Mexico; Mb & Mm - trials in Turkey.
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Fig. 21. 	 Amalgamation resulting fran 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 WA, 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 traininq 
Residential Individual Short* In-country* 

Non-degree Degree 

1979 19 3 - 25(1) -
1980 16 - - -

1981 
1982 

12 
10 

2 
2 

-
-

16 (1) 
35 (2) 

-
24 (1) 

1983 18 3 - - -
1984 8 7 2 36 (2) 20 (1) 
1985 15 8 4 49 (2) 47 (2) 
1986 
1987 
1988 

18 
12 
18 

14 
18 
18 

4 
8 

14 

15 (1) 
29 (2) 
41 (3) 

44 (2) 
88 (3) 
57 (2) 

* Number of courses in parentheses
 

A. Short courses 

Four specialized training courses were conducted in 1987-88 at 
Tel Hadya on: biametrical techniques for cereal breeders, cereal 
stress physiology, barley diseases and associated breeding 
methodologies and cereal disease identification and scoring. 

Biometrical Techniques for Cereal Breeders 

Seven scientists fran 6 countries (Table 121) participated in a 
specialized intensive course held at Tel Hadya, Syria, fram 16-23 Feb. 
1988. Topics included: heritability, genetic designs, genotype x 
environment 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 
conputer. Fran the discussions it appears that NARS need software 
appropriate for geneticists and 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.) IARI, New Delhi, India 
Ms. Fadwa Mustafa Shqaidef (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 enviroiment, to analyze the effects of physical stresses 
on crop growth and development and to utilize physiological concepts
in varietal --election and crop management to minimize the effect of 
environmental 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 environmental stresses. The course also
provided an opportunity for ICARDA and liARS scientists to exchange
ideas and information on environmental stresses prevailing in the
region, and to establish rosearch links with cereal physiologists from 
WANA. 

Barley Diseases and Associated Breeding Methodologies 

This course was offered at ICARDA from 21 March-5 April 2988 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 enphasis on breeding for disease resistance. 
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In addition to attending classroom presentations, the participantsworked in the laboratory and fields at Tel Hadya, and visited offstation testing sites to observe and evaluate diseases under
artificial and natural infections.
 

Cereal Disease Identification and Scoring 

A short intensive course on cereal disease identification
scoring was offered to 8 participants 

and 
from various research stationsin Syria during 18-21 April. The course which took place at Tel Hadyawas designed for cereal workers involved in disease note taking.Emphasis was placed 
on development of diseases, recognition and
identification of andsymptom evaluation of the type reaction typeand 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 theArabic language in the course, which made communication with trainees 

more efficient. 

B. In-cxxmtry courses 

Saudi Arabia 

Based on a request from the national program in Saudi Arabia, onescientist 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 tookplace in 2 sites: at Riyadh (2-6 April 1988) and at Unayzah, Qassim(8-12 April 1988). In total 42 persons from different agriculturaldirectorates participated in the course. Three days were devoted toclassroom presentations, 1 day to laboratory sessions, 1 toand day
field visits.
 

The course focused on the major diseases infecting wheat andbarley in Saudi conditions and emphasized the importance of resistant

cultivars as a means of controlling the diseases.
 

Yemen
 

A course on cereal improvement was conducted at liamar, YemenArab Republic (YAR) from 23-27 October 1988. Trainees included 12participants from YAR (2 from research, 5 from seed multiplicationproject and 5 from production and extension projects), 2 from PeoplesDemocratic Republic of Yemen. (1 from seed production and 1 fromextension) and one researcher from Oman. Instructors inncluded 3scientists from ICARDA and 3 from the Agricultural Research Authorityin YAR. Classroom presentations covered the development of improvedbarley and wheat varieties, the andoccurrence importance of diseasesand insect pests in cereal production, cultural practices and on-farmtrials and demonstration fields. A participant from each country gavea brief presentation on cereal research in his own country, followedby 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 to 3 months1 week 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 month1 	 Tunisia 
Grain quality 	 1 2 weeks Tunisia 
Cereal pathology 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 fron 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 incereal 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 Country 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 

Mr. Mohamed S.El-Khatem M.Sc. Cereal physiology Sudan 
(GRTP) 

ICARDA 

Mr. Pedro P. Marco Ph.D Cereal physiology Spain 
(GRTP) 
external 

Mr. Hani Ghoshe M.Sc. Wheat breeding Jordan 
support 

ICARDA 

Mr. Eric van Oosterom Ph.D. Wheat breeding/ Holland 
(GRTP)
external 

Mr. Peter Stefany Ph.D. 
physiology
Wheat breeding/ 

support
F.R. external 

Mr. Jamal Abu El-Enein M.Sc. 
physiology 
Wheat breeding 

Germnay 
Jordan 

support 
ICARDA 

Mr. Haytham Al Sayed M.Sc. Cereal wild species 
Uaj 
Syria ICARDA 

Mr. Mohamed S. Hakim Ph.D. Wheat breeding/ Syria 
(GRTP)

ICARDA 

Ms. Samia El Masri M.Sc. 
pathology 
Cereal entomology Syria ICARDA 

Ms. Suha Ismail M.Sc. Wheat pathology Syria 
(GRIP) 
ICARDA 

Ms. C2hrista Probst M.Sc. Barley breeding F.R. 
(GRTP) 
external 

Germnay support 

E. Residential Course
 

The residential course (1 March-16 June 1988) was attended by 18 
participants fran 11 countries (Table 124). Four trainees, one each 
from Moroco, 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 arlysis, and 
economics. 

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 resul.ts. Practical training covered about three quarters 
of the entire schedule. 

All trainees visited on-farm trials at different sites in Syria
(El 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 hiqh
 

elevation areas.
 
Mr. Zhou Yang China Barley improvement 
Mr. Mansour Al Saghir Yemen AR Barley improvement
Mr. MCvamed Hamadi Morocco Balrey and durum wheat 

improvement
Mr. Mohamed Abd El Egypt Physiology/agronomy 

Fattah A. Salem 
Mr. Fayez Anwar 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 Dirum wheat improvement
Mr. Idris Ali Mohamed Sudan Cereal pathology 
Ms. Ihsan Ali Abbas Sudan'ereal entomology 
Mr. Ibrahin Al Xhalidi 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. 

H. 	 FKtata, and other CP's 
scientists 
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8. Staff List of Cereal DIuwesrent Program 

Dr. Jitendra P. Srivastava Program leader
 
Dr. EdFArdo Acevedo Agroncmist/Physiologist
 
Dr. Salvatore Ceccarelli Barley Breeder
 
Dr. Ardeshir B. Damania Gernplasm Scientist
 
Dr. Guillermo 0. Ferrara Bread Wheat Breeder
 

(Cf]T/ICRlA)

Dr. Habib Ketata Senior Training Scientist
 
Dr. hiliope Lashermes Biot icnologist
 
Ir. Jop van Leur Barley Pathologist
 
Dr. Omar Mamluk Cereal Pathologist

Dr. mcarid s. Mekni Cereal Scientist (Moroc.o)

Dr. Ross H. Miller Entoologist
 
Dr. Miloudi Nachit Durum Weat Breeder
 

(CDl4YT/ICARDA)

Dr. Mohamed Tahir* Cereal Breeder
 
Dr. Hugo Vivar Barley Breeder
 

(CInMYT/ICADA)

Dr. Stefania Grando Research Scientist (Barley)

Mr. Masanori Inagaki Biotechnologist
 
Mr. Issam Naji Agronomist

Dr. Sui K. Yau International Nursery Scientist
 
Dr. Ahmed Zabour Visiting Scientist (Barley)

Mr. Iuciano Pecetti Research Associate
 
Mr. Abdel Jawad El Sabouni Training Assistant
 
Mr. Michael Michael Research Issistant
 
Mr. Mohamed Asaad Mousa Research Assistant
 
Mr. Pierre Asbati Research Assistant 
Mr. Fuad Jabi El-Haramein Research Assistant 
Mr. Mazen Jarrah Research Assistant 
Mr. Adonis Kourieh Research Assistant 
Mr. Mohamed Mushref Research Assistant 
Mr. Munzer El Naimi Research Assistant 
Mr. Henry Pashayani Research Assistant 
Mr. Riad Sakkal Research Assistant 
Mrs. Anette Sayegh Research Assistant 
Mr. George KashouL Research Assistant 
Mr. Rizkallah Abed Research Assistant 
Ms. Sonia Sultan Senior Technician 
Mr. Mohamed Azrak Senior Research Technician 
Mr. Zuhair Mrad Senior Research Technician 
Mc. Nicolas Rbeiz Senior Research Technician (Terbol)
Mr. Mufid Ajami Research Technician 
Mr. Ziad Alamdar Research Technician 
Mr. Haitham Altunji Research Technician 
Mr. Joseph Aziz Research Technician (Terbol)
Mr. Haitham Kayyali Research Technician 
Ms. Therese Kebbe Research Technician
 
Ms. Suzan Khawatmi Research Technician 
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Mr. Mohamed Amir Makki Research Technician 
Mr. Mosbahi Mohamed Research Technician (TRuis)
Mr. Omar Muhandess Research Technician 
Mr. Mohamed Tarakj i Research Technician 
Mr. Adnan Ayyan Research Technician
 
Mr. Mohamed I. Gannom Research Technician
 
Mr. Riad Lutfi Research Technician
Mr. Abdel Rahman Touma Research Technician 
Mr. Zuhair Younis Research Technician 
Mr. Salem Farrouh Research Technician 
Ms. Talin Helvajian*** Research Technician 
Mr. Bassam Shammo Research Technician
Ms. Gisele Dadour Assistant Research Technician
Mr. Abdullah Steif Assistant Research Technician 
Ms. Rita Naibandian Program Secretary

Ms. Magda Khawam Secretary

Ms. Samira Maksoud Secretary

Ms. Dia Mufti Secretary

Ms. Nahed Sammani Secretary

Ms. Zohra Ben Masoxi Secretary (Morocn)

Mr. Asaad El Ahmed Labour Foreman 
Mr. Obeid El Jasem Farm Labourer 
Mr. Michael Abu Nakad General Worker (Terbol)
Mr. Hassan El Fhatib General Worker (Terbol)
Mr. Mohamed Carrab Driver (Morocco) 

Visiting Scientists
 

Dr. Abdel Fattah Ahned El-Sayed Barley Brecder, Egypt

Dr. Mkamed Saleh Mohamed Bread Wheat Breeder, Sudan

Dr. Dalvir Singh Barley Breeder, India
Dr. Heng Li Wang Res. Prof. &Wheat Breeder 

People's Republic of China

Mr. Qu Liang Barley Pathologist 

People's Republic of China 

Research Fellows 

1-s. Loretta Dominici Wheat 
Ms. Rosella Franconi** Wild Progenitors (Viterbo) 

D =rum (Viterbo) 

Ms. Antonella Grillo Barley (Perugia)
Mr. Angelo Grottanelli Durum Wheat (Viterbo)
Mr. Rudi Petti Barley (Perugia)
Ms. M. Aatika** Biotechnology (saris) 

* Left on sabbatical, October 1988 
** Joined in 1988 

*** Left ICARDA, August 1988 
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