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1. INTRODUCTION 

Crop improvement research on cereals and legumes at the 

International Center for Agricultural Re.search in the Dry 

Areas (ICARDA) is conducted within the Germplasm Improvement 

Program. Among the cereals, it covers barley, durum wheat and 

bread wheat, while amongst the legumes it covers lentil, 

chickpea, faba bean, forage legumes and pea. ICARDA has a 

global mandate for the improvement of barley, lentil and faba 

bean, and a regional mandate for the improvement of durum 

wheat, bread wheat, chickpea, and pea and forage legumes. The 

improvement of durum and bread wheat is done jointly with the 

International Maize and Wheat Improvement Center (CIMMYT) , 

Mexico, which has a global mandate for wheat improvement. 

Similarly, chickpea improvement is done jointly with the 

International Crop Research Institute for the Semi-Arid 

Tropics (ICRISAT), India, which has a global chickpea mandate 

Integrated Pest Management research at ICARDA is also within 

the Germplasm Program. 

To fulfill the global mandate for the improvement of 

barley, ICARDA has posted a barley breeder in CIMMYT-Mexico 

to address the needs of barley improvement for Latin America. 

CIMMYT has placed a durum breeder and a spring bread wheat 

breeder at ICARDA with a regional responsibility for West 

Asia and North Africa (WANA) . Winter and facultative bread 
wheat breeding is based in Ankara (Turkey), where ICARDA has 

posted a breeder in 1997, with backup at headquarters. 

The overall objective of the Germplasm Improvement 

Program is to increase the productivity and sustainability of 

the farming systems which include barley, lentil, faba bean, 

durum wheat, bread wheat, chickpea, grasspea, pea and forage 

legumes in partnership with NARS, NGO and farmers. 

This objective is being pursued through methodologies 

emphasizing specific adaptation through decentralized 

breeding, gender-sensitive participatory approaches, use of 

biotechnology, use of inputs compatible with the preservation 



and improvement of the resource base, maintenance and 

enhancement of agricultural biodiversity, and ultimately 

alleviation of poverty. 

The base for most of the research work is at Tel Hadya, 

where ICARDA's headquarters are located and where additional 

environments are created by different planting dates and 

plastic houses. However, research is also conducted in other 

sites in Syria (Breda, Bouider, Latakia and farmers' fields) 

and Lebanon (Terbol and Kfardan). All these sites are 

directly managed by ICARDA. High elevation sites of the 

national programs of Syria, Turkey, Russia, Iran and Maghreb 

countries are used, in a collaborative mode, for developing 

improved winter and facultative barley, bread and durum 

wheat, lentil, chickpea and forage legumes adapted to cold 

environments. The research sites and facilities of the 

national programs of about 50 countries in the five 

continents, are used jointly for developing breeding material 

with specific resistance to some key biotic and abiotic 

stress factors because of the presence of ideal screening 

conditions and/or expertise there. The process of 

decentralization of breeding work is being continued and 

extended with the help of national programs. 

The weather conditions during the 1997198 season are 

shown in Figure 1.1 for two dry sites (Bouider and Breda), 

and in Figure 1.2 for relatively wetter sites (Tel Hadya and 

Terbol). The total precipitation during the season was higher 

than the long term average in Bouider and Tel Hadya, and 

lower in Breda; no variation occurred as regards Terbol. On 

average, temperatures were above the long term average [about 

1°C for maximum and 5°C for the minimum). 

In Bouider, the total precipitation was 23% above the 

long term average (279 mm versus 227 mm). The highest monthly 

precipitation deviations from the long term average occurred 

in October, January and April (positive deviations), and in 

February (negative deviation) . The average maximum 

temperature during the 1997198 cropping season was 2°C below 



the long term average, while the minimum temperature was 8'C 

above the average. The monthly mean maximum temperature 

during the cropping season ranged from 9 to 3592, and the 

minimum from 1 to 17OC. 

In Breda, the total precipitation was 11% below the long 

term average (227 mm versus 254 mm). The highest monthly 

precipitation deviations from the average were negative and 

occurred in November and February. The average maximum 

temperature during the 1997/98 cropping season was 2OC above 

the long term average, while the minimum temperature was 5OC 

above the average. The monthly mean maximum temperature 

during the cropping season ranged from 9 to 36'C, and the 

minimum from 2 to 17'C. 

In Tel Hadya, the total precipitation was 21% above the 

long term average (411 mm versus 340 nun). The highest monthly 

precipitation deviations from the average occurred in January 

and April (positive deviations) , and in February (negative 
deviation) . The average maximum temperature during the 

1997/98 cropping season was 3'C above the long term average, 

while no variation occurred regarding the minimum 

temperature. The monthly mean maximum temperature during the 

cropping season ranged from 11 to 36"C, and the minimum from 

1 to laOc. 

In Terbol, the total precipitation was 533 mm, and was 

inline with the long term average. The highest monthly 

precipitation deviations from the average occurred in 

December, January and March (positive deviations), and in 
November and February (negative deviation) . The average 

maximum temperature during the 1997/98 cropping season was 

l°C above the long term average, while the minimum 

temperature was 9°C above the average. The monthly mean 

maximum temperature during the cropping season ranged from 11 

to 32'C, and the minimum from -1 to 9'C. 



During the year the following changes in senior staff 

occurred : 

a. Dr Willie Erskine was selected through international 

recruitment as the Leader of Germplasm Program. He was 

the lentil breeder also until the end of 1998. 

B. Dr Amor Yahyaoui joined as the Senior Cereal Pathologist 

in the Program. 

b. Dr Stefania Grando was recruited internationally as the 

Barley Breeder. She was earlier filling a lower 

international position. 

c. Mr Issam Naji (Agronomist/Crop Physiologist) resigned. 

d. Dr Mustapha Labhilili (Post-Doctoral Fellow / 
Biotechnology) resigned. 

e. Dr Hala Toubia-Rahme (Post-Doctoral Fellow / Pathology) 
resigned. 

f. Dr Wafa Choumane (Post-Doctoral Fellow / Biotechnology) 
resigned. 

g. Mr Soren T. Jorgensen (Junior Professional Officer - 

Barley) resigned. 

More than 70 scientists from 20 different countries 

spent between few days and few months in the Germplasm 

Improvement Program. Their activities varied from discussions 

with staff members to research projects in collaboration with 

specific scientists. Their contributions to the achievements 

of the Program are reported in details in the specific 

sections. 

The following special projects were operational during 

1998 : 

1. Use of DNA-markers in selection for disease resistance 

genes in barley, supported by BMZ and in collaboration 

with Technische Universitat Munchen, Lehrstuhl fur 

Pflanzenbau und Pflanzenzuchtung, Munich, Germany 

(scientist in charge: M. Baum) 



DNA-Marker assisted breeding and genetic engineering of 

ICARDA mandated crops supported by BMZ and in 

collaboration with University of Hannover, Prof. Dr.H.J. 

Jacobsen and University of Frankfurt, Prof. Dr. G. Kahl 

(scientist in charge: M. Baurn) 

Improving yield and yield stability of barley in stress 

environments supported by the Government of Italy 

(scientist in charge: S. Grando) 

Farmer participation and use of local knowledge in 

breeding barley for specific adaptation supported by BMZ 

and in collaboration with University of Hohenheirn 

(scientist in charge: S. Ceccarelli) 

Increasing the relevance of breeding to small farmers: 

Farmer participation and local knowledge in breeding 

barley for specific adaptation to dry areas of North 

Africa supported by IDRC and in collaboration with IRESA 

(Tunisia) and INRA (Morocco) (scientist in charge: S. 

Ceccarelli) 

Resistance to nematodes in lentil and chickpea in 

collaboration with the Institute of Nernatology of Bari 

(scientist in charge: R.S. Malhotra) 

Development of chickpea resistant to biotic and abiotic 

stresses using interspecific hybridization and genetic 

transformation supported by the Government of Italy and 

in collaboration with ENEA, University of Napoli and the 

University of Tuscia in Viterbo (scientist in charge: 

R. S . Malhotra) 
Fusarium wilt in chickpea supported by the Government of 

Spain and in collaboration with INIA, Spain (scientist 

in charge: R.S. Malhotra) 

International durum wheat improvement supported by GRDC, 

Australia in collaboration with the New South Wales 

Department of Agriculture (scientist in charge: M. 

Nachit) 

Coordinated improvement program for Australian lentils 

supported by GRDC, Australia (scientist in charge: W. 



Erskine) 

Improvement of drought and disease resistance in lentils 

in Nepal, Pakistan and Australia supported by ACIAR, 

Australia (scientist in charge: W. Erskine) 

Central and West Asia rusts network-enhanced regional 

food security through the development of wheat varieties 

with durable resistance to yellow rust (scientist in 

charge: H.T. Rahme) 

West Asia and North Africa Dryland Durum Improvement 

Network (WANADDIN) supported by IFAD, Italy (scientist 

in charge: M. Machit) 

Faba bean in China supported by the ACIAR, Australia and 

in collaboration with the Genetic Resources Unit 

(scientist in charge: L. Robertson) 

Integrated management of pest and diseases supported by 

BMZ, Germany (scientist in charge: K. Makkouk) 

Durum wheat improvement supported by ACIAR, Australia 

(scientist in charge: M. Nachit) 

Kabuli chickpea supported by ACIAR, Australia (scientist 

in charge: R.S. Malhotra) 

Development and use of molecular genetic markers for 

enhancing the feeding value of cereal crop residues for 

ruminants supported by ACIAR, Australia (scientist in 

charge: S. Ceccarelli) 

~pplication of molecular genetics for development of 

durum wheat varieties possessing high yield potential, 

rust resistance, stress tolerance, and improved grain 

quality supported by Agricultural Technology, 

Utilization and Transfer Project-ATUT) (scientist in 

charge : M. Nachit) . 
Development of high yielding, long spike bread wheat 

cultivars possessing high tiller, number, rust 

resistance and heat tolerance facilitated by 

microsatellite DNA-markers supported by Agricultural 

Technology, Utilization and Transfer Project-ATUT 

(scientist in charge: 0. Abdalla) 



Genetic transformation of barley for improved stress 

resistance supported by CGIAR (scientist in charge: M. 

Baum) . 
Adaptation of barley to drought and temperature stress 

using molecular markers supported by USDA, Texas Tech 

University, U.S.A. (scientist in charge: S. Ceccarelli) 

Inheritance and linkage of winter hardiness in lentil 

supported by USDA, Washington State University, U.S.A. 

(scientist in charge: W. Erskine) 

Use of entomopathogenic fungi for the control of Sunn 

pest supported by USDA, University of Vermont, U. S .A. 

(scientist in charge: M. El-Bouhssini) 

Legume resistance to Luteoviruses supported by GRDC, 

Australia (scientist in charge: K. Makkouk) (started in 

October 1998) 

Development of biotechnological research in the Arab 

States supported by Arab Fund for Economic Social 

Development (AFESD) (scientist in charge: M. Baum) 

Improvement of lentil and grasspea in Bangladesh 

supported by ACIAR (scientist in charge: A. Sarker) 

Pulse transformation technology transfer supported by 

ACIAR, Australia (scientist in charge: M. Baum) 

Decentralized barley breeding with farmers' 

participation in North Africa supported by OPEC 

(scientist in charge: S. Grando) 

In addition the program is actively involved in the 

activities of the six Regional Programs and in the following 

special projects: 

Mashreq and Maghreb (M&M) Project 

Mediterranean Highland Project 

Barley Improvement Project in Ethiopia 

Problem-solving Regional Network Project in Egypt 

Ethiopia, Sudan and Yemen 

Matrouh Resource Management Project in Egypt 



This report is published in two sections, one with the 

results of cereal crops improvement work and one with results 

of the legume crops improvement work. 

Most of the results reported in the two sections were 

obtained during the 1 9 9 7 - 9 8  season, although work done in 

earlier years is also reported when considered important. The 

training and network activities, the scientific publications 

of the program's staff and an updated list of varieties 

released by national programs are also reported. 

As mentioned earlier, much of the work reported here has 

been done in collaboration with our colleagues in the 

national programs in WANA and other developing countries and 

in some institutions in the industrialized countries. Space 

limitations prevent to mention all our collaborators 

individually, but to all of them goes our most sincere 

appreciation. Eventually, the program is greatly indebted to 

the support staff at the headquarters as well as in various 

substations: without their hard work, competence and 

dedication none of the work reported here would have been 

possible. 
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Fig. 1.1. Weather conditions at Bouider and Breda during 

1997-98. 
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Fig. 1.2. Weather conditions at Tel Hadya and Terbol during 

1997-98. 















































































































































































































































































































































































3 .  DURUM WHEAT IMPROVEMENT 

3.1. Durum Breeding 

In 1997/98 season, the CIMMYT/ICARDA durum program for the 

Mediterranean dryland region emphasized on upgrading and 

broadening the genetic base for abiotic stress tolerance 

(drought, cold, heat, and terminal stress) . As for the 

biotic stress resistance, leaf rust and Hessian fly were 

given high priority; and for quality traits, gluten 

strength and yellow pigment. Further, the development of 

genetic stocks of resistance to multiple abiotic and biotic 

stresses was also given high priority in the program. 

3.1.1. Widening the Genetic Base 

To broaden the genetic base of durum, crosses were made 

with landraces from the Mediterranean region, in order to 

enhance adaptation to Mediterranean drylands, improve 

resistance to boron toxicity and root rots; and improve 

grain quality and yield potential. 

The durum x wild relatives hybridization program 

continues also in the 1997/98 to show promising results for 

resistance to biotic and abiotic stresses, particularly to 

drought and heat stress, leaf rust, and Hessian fly. In the 

1998 season, the selection percentage made from crosses/ 

populations derived from durum x wild relatives was as 

follows: T. dicoccoides (49%), A. kotschii (7.9%), T. 

monococum/urartu (11%) , A. pereyrinacylindros (27%) , A. 

vavilovii (5.9%), T. carthlicum (4%), A. biuncialis (I%), 

T. ovata ( 1 % )  T. cornpactum 1 %  A. umbellulata ( 0 . 2 % ) ,  

and A. columnari s (1%) . 



3.1.2. Biotic Stress Resistance 

Genetic stocks from different countries of WANA were used 

in the crossing program to upgrade the resistance in the 

drought and cold resistant genotypes. The most common 

landraces from Algeria, Morocco, Tunisia, Syria, and Turkey 

are used as a parents to generate mapping populations for 

basic genetic and physiological studies. 

Further, breeding for resistance to biotic stresses in 

the Continental Mediterranean Dryland has resulted in 

generating the combination of resistance to yellow rust and 

common bunt, and incorporation of these resistances in 

productive dryland genotypes. The progress made in yellow 

rust resistance is reflected by the high scores for 

resistance in the advanced test lines. As for common bunt, 

5% of the test lines had less than 5% infection; the 

resistant check Haurani had 4.5%. Lines with 0% infection 

were also identified, these lines were derived from crosses 

with Tri ticum dicoccoides (Brachoua/T. dicds2 0017//Haucan 

and crosses of ~mrabi/~mguer-4, and Zeina lines). 

In the Continental Mediterranean Dryland (Table 3.1), 

combined resistance to common bunt and yellow rust is 

required. Several advanced durum genotypes were developed 

with 0 % infection for common bunt and with low ACI (~5%) 

for yellow rust. These genotypes also have good resistance 

to Septoria tritici and leaf rust. The use of T. 

dicoccoides in the hybridization program continues to show 

promising results for widening the genetic base for yellow 

rust and Septoria tritici resistance. 

In the case of the resistance to sawfly, required in 

the Continental Dry Areas of WANA, the genotypes which were 

identified last season with a high level of resistance 

(Awalbit, Rufom, Awalbit-6, Omsnima, Bicre, Marrout, D- 

2/Bit, IC19939-MAR-Landrace, IC16143-MAR-landrace, Rufom-4) 

were used in the breeding program. 



Table 3.1. Reaction of Advanced Durum Lines to Yellow Rust 
and Common Bunt. 
Disease Year Average Min. Max. 
Yellow rust (ACI)* 1994 4.1 0.2 44.0 

Common bunt ( % )  1994 25.6 1.4 66.2 
1995 45.3 23.1 97.5 
1996 20.5 0.0 65.1 
1997 19.5 0.0 60.7 
1998 39.3 0.0 95.6 

* ACI = Average Coefficient of Infection. 

(M.M. Nachit, A. Asbati, M. Asrak, A. Elsaleh, 1.Elouafi. 

H. Hazzam, M. El-Bouhssini, A. Yahyaoui, K. Makkouk) 

Table 3.2. Reaction of advanced durum lines to Leaf rust 
and Septoria tri tici . 

Average 
Disease Reaction (XI) Min. Max. 
Leaf rust (ACI) * 1993194 25.2 1.5 48.3 

1994195 20.1 0.4 55.7 
1995196 23.2 0.7 43.7 
1996197 18.9 0.3 38.9 
1997198 18.8 0.0 59.0 

Septoria tritici** 1993194 3.7 2.0 6.5 
1994195 3.4 1.5 8.5 
1995196 7.3 3.0 8.0 
1996197 7.0 3.0 8.2 

* ACI = Average Coefficient of Infection. 
* *  Septoria rating is on 1-9 scale (l=very resistant, 
9=very susceptible) . 

As for the resistance to Hessian fly in the Temperate 

Dry Areas of WANA, the genetic resistance recently 

incorporated to durum, by using the resistance gene H5 to 

produce Telset lines, are now used extensively in the 



breeding program to incorprate this resistance to drought 

tolerant advanced genotypes. 

Combining resistance to leaf rust been made, while for 

Septoria tritici the resistance is still lacking (Table 

3.2) . These sources of resistance are shown in Table 3.3. 
Septoria tritici usually is not a major constraint in the 

dry areas, however it is important in the high-rainfall 

areas of the temperate areas of the Ibero-Atlas region. 

(M.M. Nachit, M. Azrak, A. Asbati, A. Yahyaoui) 

3.1.2.1. Evaluation of durum wheat germplasm resistance to 

root and foot rot disease complex (Pusarium culmorum and 

Cochliobolus sativus) 

Root and foot rot of durum caused by Fusarium culmorum and 

Cochliobolus sativus have been shown to be a serious 

problem in the Mediterranean temperate dry areas, 

especially in dry years. All cultivars and available 

germplasm of durum are in general susceptible to this 

disease complex. Since 1992, an evaluation programme of 

regional and world wheat germplasm has been conducted using 

both field and laboratory techniques to identify sources of 

tolerance to root and foot rot in durum wheat in 

cooperation with the national program in Morocco. Field 

results of dry seasons are encouraging since many sources 

of tolerance were identified. Among 1130 durum accessions 

tested, 140 entries showed moderate to good tolerance of 

the disease complex. However, only 28 were agronomically 

acceptable. Similar results were obtained from seedling 

evaluation under laboratory conditions. 

(M.M. Nachit, M. Nasrallah, M. Mergoum) 
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Shwa/Stk//Bit/3/Km/4/Chah88 ICD92-0020-MABL-ZAP-OTR-4AP-OAP 
DF9-71/3/VZ466//61-130/414-44/4/Ergene TE01061-23A-1A-1A-OR-OAP 
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NN90E4-6 (MORI IMrb3 
Ombit-1 
Mrb3/Albit-1 
Otb- 5 
Albit-9 
Zna - 4 

tban 8%) 
ICD91-0828-~-13A?-OAP-ZAP-OAP 
ICD91-0310-AB-llAP-OAP-2AP-OAP 
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Bcrch-1 ICD87-0459-0TR-ABL-9AP-3TR-4AP-OAP 
Bcr/Lks4 ICD87-0108-ABL-15AP-OTR-3AP-OAP 
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Ch5/20048 Traikia(Mor)//Stj3 ICD92-0509-MABL-ZAP-OTR-SAP-OAP 
20048 Traikia(Morl/MrbS//Stj3 ICD92-0511-MABL-OAP-16AP-OTR-9AP-OAP 
Otb-2 ICD91-0811-AB-3AP-OAP-4AP-OAP 



3.1.2.2. Introgression of Hessian fly resistance into durum 

wheat in Morocco 

Hessian fly (Mayetiold destructor, Say) is a perennial 

scourge of cereal production in the Mediterranean region, 

particularly in North Africa. In Morocco, it accounts for 

considerable yield losses of wheat (Triticum spp.), 

especially in the semi-arid southwestern coastal provinces. 

Yield losses are estimated at 36% on average in Morocco but 

Hessian fly infestation may result in total crop failure. 

Genetic resistance to Hessian fly has not been found in 

durum wheat although thousands of durum accessions were 

screened. Since 1988, crosses with resistant bread wheat 

and other related species have resulted in the 

introgression of Hessian fly resistance into durum. 

Resistant durum wheat lines originating from single crosses 

are being proposed for release in Morocco. 

Genetic resistance has proven to be the most efficient 

means of control of this pest. Ten named genes for 

resistance have been identified to be effective in bread 

wheat in Morocco. The mechanism of resistance in these 

wheat genes is antibiosis. Genes located on the A genome 

were transferred from bread to durum wheat. Moreover, new 

sources of resistance were identified in wild relatives. 

These sources can be transferred into durum wheat. 



In collaboration with the Moroccan dururn breeding 

program and USA, durum resistance to insects pests in 

Morocco was studied. The mechanism of resistance in these 

wheat genes is antibiosis. The first durum line resistant 

to Hessian fly has been identified. To diversify sources of 

resistance for Hessian fly, wild relatives of wheat, such 

as Aegilops ovata (UM) , Ae. Quarrosa ( D )  , and Ae. 

Triuncialis (UC) were studied. Since few sources of 

resistance to Hessian fly in durum are available, we 

transferred the H5 gene located on the A genome from bread 

wheat to durum. 

When 347 accession of Aegilops species were screened 

in the greenhouse for resistance to Hessian fly, several 

accessions of Ae. Geniculata Roth, Ae. triuncialis L., Ae. 

neqlecta Req.ex Bertol., Ae. ventricosa Tausch, Ae. 

cylindrica Host and Ae. markgrafi i (Greuter) Hammer showed 

a resistant reaction. All expressed antibiosis as the 

mechanism of resistance against first instar Hessian fly 

larvae. These Aegilops sources of resistance could be 

exploited for transferring Hessian fly resistance to wheat. 

(M.M. Nachit, N. Nasrellah and A. Amri, S. Lhaloui, M. El- 

Bouhssini, J. Ryan, M. Abdel Monem, J.P. Shroyer) 

3.1.3. Grain Quality 

3.1.3.1. Introgression of Quality Genes from T. dicoccoides 

Table 3.4 shows the traits of the grain quality for 

the Advanced Durum Yield Trials for Continental Areas 

(ADYT) of 1997/98. The highest values for protein content 

and sedimentation test (SDS) were achieved under Breda and 

Tel Hadya Late Planting conditions and the lowest under Tel 

Hadya Rainfed conditions (330 mm) . Breda (270 mm) and Late 
Planting rainfed conditions have also showed relatively 



high values for grain quality traits. The largest range for 

quality traits was also found in this season at Tel Hadya. 

Therefore, the rainfed conditions are best to use in the 

future as selection site for grain quality. The best 

genotypes with improved grain quality traits are shown in 

Table 3 . 5 .  For gluten strength test, methods based on 

biochemical analysis have been developed and are now used 

as a routine tool. Poly-acrylamide gel electrophoresis 

methods are used for gliadins (A-PAGE) and for glutenins 

(SDS-PAGE) analyses. The glutenins with low molecular 

weight (LMW) are two types: the subunit type 1 (LMW1) is 

usually associated with poor gluten strength and the 

subunit type 2 (LMW2) with strong gluten strength. 

Within the collaboration with University of Cordoba/ 

Spain, testing for grain quality under dry (Tel Hadya 

Rainfed, 3 3 0  mm) and wet (Tel Hadya Irrigated: 3 0  mmm + 100 
mm: 5 0  mm at tillering stage and 50 mm at anthesis) 

conditions shows the following results: the quality traits 

tested in 151 recominant inbred lines of Korifla/T. 

dicoccoides//~orifla are Sulfate dodecyl Sedimentation test 

(SDS) , Protein Content (PRT) , Thousand Kernel Weight (TKW) , 
Vitreousness of 100 Kernel Count (VKC), Yellow Pigment 

(YPGT), Ash Content (Ash). Tests were analyzed using NIRS 

equipment and for protein content, SDS, and yellow pigment 

chemical analyses were made. 

The highest protein content mean ( % )  was achieved in 

the dryland environment (17.1%) and the lowest in 

supplementary irrigated (15.47%). For the Sulfate Dodecyl 

Sedimentation test (SDS), the highest sedimentation mean 

value was 43.95 ml in dryland. 

For the thousand kernel weight, the highest means was 

achieved in the supplementary irrigated environment. Yellow 

pigment trait shows also an interesting large range 

especially in the dryland environment (from 3 . 7  to 11.1 

ppm) with a mean of 7 . 9  ppm. 
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The ash content was also measured, the lowest mean value 

was achieved in the supplementary irrigation about 1.74% 

and the highest about 1.81% in the dryland environment.The 

results of this work shows the possibility of the 

introgression of additional sources/ genes for protein 

content to durum from T. dicoccoides. 

The correlation coefficients (Table 3.6) among 

subunits of gliadins and glutenins show two major groups, 

the low molecular weight group 1 (LMWgsl) and group 2 

(LMWgs2). The LMWgsl group comprises LMW1, Gamma-a 

(relative mobility = 4 4 ) ,  Omega-b (relative mobility = 3 9 ) ,  

Alpha-a (relative mobility = 85. Whereas the group LMWgs2 

comprises LMW2; Gamma gliadin 45; and Alpha gliadin 6 

(relative mobility = 83). LMWgsl, Gamma-a; Alpha-a; and 

Omega-b are originated from T. dicoccoides. As for the 

LMWgs2 group, all subunits are originated from dururn 

cultivar Korifla. All these subunits were found be 

associated with gluten strength, represented by SDS. The 

LMWgsl group was associated negatively with gluten 

strength, whereas the LMWgsZ group positively. 

The SDS values in all environments associated 

positively with the presence of LMWZ, gamma 45, and Alpha- 

6; and negatively with the presence of LMW1, Gamma-a, 

Omega-b, and Alpha-a. These results show that three new 

subunits (Alpha6, Alpha-a, and Omega-b) are significantly 

associated with gluten strength with a positive effect of 

Alpha-6 and negative one with Alpha-a and Omega-b. As for 

protein content, in both dryland and supplementary 

conditions, a positive effect with the presence of Omega-a 

(introgressed to durum from T.dicoccoides) on protein 

content was detected. However, no association between this 

subunit (Omega-a) and protein content was found in dryland. 

This might be explained by the fact that protein content 

was relatively higher in this environment (17.6%) . 
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Further, Omega-a showed negative association with kernel 

weight. However several recombinants with subunit Omega-a 

combining high values for protein content with acceptable 

kernel weight values (approaching those of the durum 

cultivar Korifla) were identified. 

The introgression of subunits from T. dicoccoides did 

not show any contribution to the improvement of gluten 

strength. The combination of the processing quality from 

durum with the nutritional protein quality from T. 

dicoccoides would help the durum breeding programs to 

develop cultivars with both traits. The results of 

recombining gluten strength, high protein content, and 

kernel weight are promising and provide undoubtedly the 

basis to improve durum quality. 

(M.M. Nachit, I. Elouafi, A. El Saleh, A. Martin, L. M. 

Martin) 

3.1.3.2. Use of h i  ticum dococcoides to Improve Grain 

Quality in Durum Wheat 

Wild emrner has a higher grain protein content than 

cultivated durum wheat (Triticum turgidum L. subsp. durum 

Desf.) Husn.) From crosses between durum x Triticum 

turgidum subsp. dicoccoides, recombinant lines were 

identified with high protein content, high grain yield, and 

other desirable traits. The F, lines from crosses between 

durum (Haurani Nawawi, Stork) and T. dicoccoides JS were 

studied, The recombinant lines were grown in two 

environments. The quality traits measured were grain 

protein content ( % )  , carotene content (ppm) , sedimentation 
(mL), 1,000 kernel weight (gr), vitreousness ( % ) ,  and grain 

yield per plant lg) . Significant differences for 

environmental means were observed for most traits. The 

recombinant lines showed higher protein content than durum 



x durum lines; similar results were detected for 

vitreousness and sedimentation. The results demonstrate 

that T. dicoccoides could be a good source to improve durum 

grain quality. 

(M.M. Nachit, S.H. Maali, M. Duwayri) 

3.1.3.3. Use of PCR-analysis in Durum Wheat to Screen for 

Quality Parameters 

In collaboration with the University of Tuscia, specific 

primers for the PCR amplification of low molecular weight 

glutenins and gliadins, and high molecular weight glutenins 

were carried out. The amplified fragments for LMW glutenins 

varied and allowed classification of lines into the group 

carrying LMW-1 and LMW-2 genes. Amplified fragments for 

gliadins allowed the differentiation of genotypes with Y- 

gliadin 42 and Y-gliadin 4 5 .  No polymorphism was found for 

HMW glutenins. The advanced durum yield trials were 

analyzed; 244 lines amplified for the LMW-2 genes, and only 

23 for LMW-1. Two hundred and sixty three lines from the 

same trial were analyzed for gamma gliadins. Two hundred 

and thirty five showed an amplified fragment indication a 

Y-gliadin 45 type, and 28 a Y-gliadin 42 type. Putative 

recombinants were identified. Comparison with SDS-PAGE must 

be carried out to confirm recombination. 

As for Polymorphism for the High Molecular Weight 

(HMW) Glutenin subunits present in the Syrian durum wheat 

landrace Haurani. Variability for High Molecular Weight 

(HMW) glutenin subunits in the Syrian durum wheat landrace 

Haurani, originated from Hauran plateau, Southern Syria, 

was investigated using sodium dodecyl-sulphate- 

polyacrylarnide gel electrophoresis (SDS-PAGE). Haurani is 

spread in the entire ~iddle East region with an excellent 

adaptability to different dryland conditions. A survey of 



several populations collected from different locations in 

Syria was conducted in terms of HMW glutenin subunits 

composition. Multiple allelic forms at the Glu-A1 and 

Glu-B1 loci located on the long arms of chromosomes 1A and 

1B have been reported. The HMW glutenin subunits 

frequencies were also studied. Large variation for HMW 

glutenin subunits was detected. 

(M.M. Nachit, A. El Saleh, A. Impiglia, E. Iacono, M. 

Pagnota, R. D'Ovidio, E. Porceddu') 

3.1.3.4. Recent Applications of Near-infrared Spectroscopy 

to Evaluate D u r n  Grain Quality 

NIRS can be successfully used to analyze several important 

quality parameters in durum germplasm. There are no 

significant differences in accuracy using whole durum grain 

or ground durum for the determination of protein content 

and SDS sedimentation volume. The whole grain technique 

requires only 2 0 - 2 5  g of grain, which allows early 

generation materials to be tested for protein content and 

SDS sedimentation without any grinding. Subsequently, the 

same samples can be planted. For yellow pigment content, 

more accurate results were obtained with ground durum 

wheat. Ground grain calibration can be used with as little 

as 2-5 g. The data suggest that use of a NIRS scanning 

monochromator with a visible wavelength range would improve 

the results of yellow pigment prediction. Finally, NIRS 

greatly improve the efficiency of screening durum wheat 

germplasm for quality. The reduction in the time required 

to analyze durum germplasm enables testing of about 250 

samples per day for the three important parameters 

described. Using traditional wet chemical methods, testing 

of the same number of samples for the same parameters would 

required 16 working days. 

(F. Jaby El Haramein, A. El Saleh, M.M. Nachit) 



3.1.4. Abiotic stress resistance 

In 1997/98 season at Breda, the highest yielding lines were 

those which combined cold with drought resistance. Several 

lines were identified which out-yielded Haurani under 

dryland by almost one ton per hectare (Table 3.7) . These 
results show the continuous progress made during the last 

decade to improve productivity in dryland. 

Table 3.7. Performance (kg/ha) of Durum at Breda during 
the last 12 years, compared with the check Haurani. 

ADYT Entries 
Rainfall 

Season (mm) Mean Max. Haurani 

Mean 257 1569 2368 1411 

The traits most associated with performance under the 

dryland conditions of 1997/98 were the score for agronomic 

performance, it explained up to 60.1% of the total 

variability of grain yield at Breda station. The scores for 

cold resistance, early growth vigor, and leaf rolling 

indices were also important in 1997/98 season. 

(M.M. Nachit, M. Azrak, A. Asbati, H. Hazzam) 



3.1.4.1. Breeding for drought resistance: Associations of 

RFLP-Markers with Grain Yield and Morpho-Physiological 

Traits under Dryland Conditions 

To identify drought tolerant durum germplasm, the empirical 

selection approach is employed. Germplasm evaluation for 

drought tolerance require large number of testing sites and 

seasons. Empirical selection approaches to genetically 

improve grain yield in drylands have been effective but 

they are time-consuming and require the employement of 

large amount of resources. However, the analytical 

selection approach using the morpho-physiological traits 

have been slowly adopted for selection in the segregating 

generations in some dryland breeding programs. The employed 

trait for dryland selection needs to be simple and rapid to 

use and less expensive than the field and design techniques 

used in the empirical selection approach. 

Understanding the drought tolerance basis of the 

morpho-physiological traits offers the potential to select 

germplasm based on key-traits linked with grain yield in 

dryland. Morpho-physiological traits can be used as 

indirect selection criteria for grain yield in dryland, 

however, their effectiveness depends on their correlations 

with grain yield under drought and the degree to which each 

trait is genetically controlled. Usually, a dryland crop 

deploys a complex set of interacting to grow and survive 

under moisture-stress. Therefore it is of interest to know 

the efficiency with which water is used by a crop in the 

dry area (mol CO, fixed per mol H,O transpired). 

The Carbon Isotopic Discrimination (CID) was found as 

an useful tool to screen for variation in water use 

efficiency. Further, Restriction Fragments Length 

Polymorphism (RFLP) markers could serve to identify traits 

that are difficult to identify phenotypically. 

At the drought screening station of ICARDA and for the 

Durum Core Collection studies, the results show the 



followings. The relationships between grain yield, yield 

components, carbon isotope discrimination, and ash content 

in the flag leaf were positively correlated among each 

other. Whereas Ash content in the kernel (ACK) was 

negatively with all traits and canopy temperature did not 

show any significant relationship with the other traits. 

The association of CID with grain yield was similar to that 

of number of fertile tillers and number of spike kernels 

with grain yield. Further, it is also of interest to notice 

that the positive and significant correlation between the 

CID and ash content in the flag leaf. However, the 

association between grain yield and ACK was relatively low 

compared with that of grain yield and CID. The results of 

this study that ash content in flag leaf support the use of 

CID as trait to select for improved dryland yield and 

enhanced water-use efficiency. 

Table 3.8 shows the analysis of variance for the 

regression of CID with grain yield under the conditions of 

the Mediterranean continental dryland. The F-ratio of the 

mean square of the regression to the mean square of the 

residual was found to be highly significant. The multiple 

correlation was estimated at 0.526 and the squared multiple 

correlation at 0.277; i.e. almost one-third of the total 

variability of grain yield under dryland was explained by 

the carbon isotope discrimination. The inclusion of ash 

content in flag leaf increased the squared multiple 

correlation only to 0.297, whereas when all traits were 

included it reached 0.663, explaining together almost two- 

third of the total variability of grain yield. 

Table 3.8. Analysis of Variance for Regression of Carbon 
Isotope Discrimination (CID) with Grain Yield (GY) in 
Durum, Breda station. 
Source D f Mean-Square F-ratio P 
Regression 1 4158608.417 52.787 0.000 
Residual 138 78781.214 
N: 140; multiple R: 0.526; squared multiple R: 0.277. 



Table 3.9 shows the effect of presence and absence of 

some RFLP markers on grain yield and CID under the 

Mediterranean continental dryland. Only significant 
differences between the two population means are presented. 

The presence or absence of several RFLP markers in a 

genotype were associated with improved values grain yields 

and CID. Positive difference indicates RFLP marker presence 

is desirable, whereas negative difference indicates RFLP 

marker absence is desirable for improved grain yield and 

CID expression. Similarly, trait expression with positive 

difference was associated with presence, and negative 

difference with absence. 

RFLP markers (CD01090/2B, KSUG48/8A; BCD1434/25C; 

BCD1434/25J; BCD348/270) associated with both grain yield 

and CID. Grain yield showed stronger associations with RFLP 

markers than did CID. Earlier studies under similar 

conditions (Nachit et al., 1993) showed significant 

relationship between some molecular markers and leaf water 

potential, canopy temperature, chlorophyll fluorescence 

inhibition, and proline content. Screening with traits 

associated with drought tolerance or water-use efficiency 

is complex, time consuming, expensive, and difficult to use 

in a practical breeding program. It is also of interest to 

note that molecular markers could be associated directly 

with grain yield in dryland. 

Indirect selection for molecular markers, using PCR- 

primers may have an advantage over direct selection. When 

the correlation between a DNA marker and a desired trait is 

greater than the heritability of the desired trait, 

molecular marker-facilitated selection may be advantageous. 
The results are encouraging and suggest the use of 

molecular markers to improve productivity and drought 

tolerance in association with physiological traits such as 

CID in the Mediterranean dryland. 

(M.M. Nachit, I. Elouafi, A. Asbati, M. Azrak, H. Hazzam) 
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3.1.4.2. Effects of water deficit on photosynthetic rate 

and osmotic adjustment in tetraploid wheats 

In Collaboration with INRA-Montpellier/ France and the 

University of Barcelona/ Spain, the effects of water 

deficit on photosynthetic rate and osmotic adjustment in 

tetraploid wheats were studied. Osmotic adjustment, 

accumulation of soluble saccharides, and photosynthetic gas 

exchange were studied in five durum wheat (Triticum 

turgidum L. var. durum) and one wild emmer wheat (Triticum 

turgidum L .  var. dicoccoides) cultivars of contrasting 

drought tolerance and yield stability. Soil water contents 

(SWC) were 100, 31, 20, and 12% of maximum capillary 

capacity. Under mild water stress (SWC 31 to 20%), osmotic 

adjustment capacity and high accumulation of saccharides 

were found in cv. Cham 1, a high yielding and drought 

tolerant cultivar, and in var. dicoccoides, while lowest 

values were noted in the durum wheat landraces Oued-Zenati 

and Jennah-Khetifa. Under more severe water stress (SWC 

12%), the cv. Cham 1 maintained higher net photosynthetic 

rate (P,) than other genotypes. The observed changes in the 

ratio intercellular/ambient CO, concentration (ci/c,) 

indicated that under mild and severe water stress, the 

decrease in PN was mainly due to stomata1 and non-stomata1 

factors, respectively. 

On the use of Tetraploid Wheats to Improve Drought 

Tolerance in Durum, tri ticum turgidum subspp. dicoccoides, 

dicoccon, polonicum, and carthl icum, represent a promising 

source of disease resistance, high protein content, and 

drought resistance. Tri ti cum dococcon shows many 

interesting agronomical characters, such as biomass 

production, number of tillers and spikes per plant, number 

and deepness of roots, and maintenance of high relative 

water content (RWC) under water stress. Tri ticum polonicum 

has a long peduncle, long awns, good spike fertility, high 

1,000 kernel weight, and a good superficial rooting 



pattern. Triticum carthlicum generally has good tillering 

ability and good spike fertility. Triticum dicoccoides has 

good tillering capacity. The osmotic adjustment capacity of 

T. dicoccoides, the genetics of RWC, and quality traits 

were studied. The capacity for maintaining high RWC, or 

increasing leaf osmotic potential (LOP) when leaf water 

potential (LWP) is decreasing, were also studied. RWC, LOP, 

and LWP were assessed in five durum genotypes (Cham 1, 

Jennah Khetifa, Korifla, Oued Zentani, and Kabir 1) and T. 

dicoccoides 600-808. Results show that the durum cv Cham 1 

and T. dicoccoides 600-808 maintain their RWC under stress, 

while Kabir 1, Korifla, Oued Zenati, and Jennah Khetifa 

rapidly decrease RWC with increasing LWP and Ln(L0P). Leaf 

RWCs for T. polonicum, T ,  dicoccoides, and T. carthlicum 

were higher than for T. durum and T. dicoccon. Accessions 

(T. polonicum, T. dicoccon, and T. carthlicum) with the 
highest RWC were crossed with Cham 1 (drought tolerant 

durum), and their F, populations were assessed. Similarly, 

T. dicoccoides were crossed with the durum variety Korifla 

and assessed for RWC. The distribution of RWC in the four 

populations suggested a polygenic determinism for this 

trait. Broad- and narrow - sense heritabilities were 

determined. The high mean value of the F, over the mean of 

the parents suggested overdominance effects and 

transgressive inheritance. A divergent selection was 

initiated for the crosses of T. polonicum, T. dicoccon, and 

T .  carthlicum to determine narrow-sense heritability and 

response to selection, and to validate the possible use of 

this trait in breeding progras. In the T. polonicum x T. 

durum F, population, RWC showed significant correlation 

with the harvest index (r=0.66**). One single cycle of 

divergent selection appears to increase the average RWC 

value. Realized heritabilities for RWC showed the highest 

value for the T .  polonicum cross and the lowest value for 

T. carthlicum. Although backcrossing has decreased, the 

transgressive positive effects of RWC, approximately 10%of 



the BC, plants maintained higher values than the T. 

dicoccoides parent, and 75% higher values than Korifla. The 

effect of using T. polocicum, T. dicoccon, and T. 

carthlicum on durum quality was evaluated. Protein content 

was higher in all tested interspecific lines than in the 

durum check (Omrabi S), and some lines also showed higher 

grain yield and 1,000 kernel weight than the check. 

Evaluation of AB tetraplid wheats for drought-tolerance- 

releated traits indicates that many accessions are 

potentially useful for the improvement of drought tolerance 

in durum. 

Cocerning the development of molecular markers, DNA 

sequences of durum dehydrin genes pTd27e, pTdl6, pTd25a, 

and pTd38 were characterized and compared with the 

sequences of dehydrin and RAB genes of other cereal crops. 

Structure, conformation, and physiological role of durum 

dehydrin proteins were detailed. Correlations between the 

expression of dehydrins genes and drought tolerance were 

studied in three tolerant and one susceptible durum 

genotypes. 

(M.M. Nachit, P. Monneveux, D. Rekika, A. AlHakimi, J.L. 

Araus, M. Labhilili, & P. Joudrier) 

3.1.4.3. Studies on Drought Tolerance in Durum, yield 

stability, and Genotype-Environment Interaction 

In Collaboration with the Algerian durum program and INRA- 

Montpelleier/ France, hydric status, energetic status 

(chlorphyll fluorescence), and osmoregulation (proline an 

soluble sugars) were studied. The analysis of yield 

stability showed three major varietal groups: wide 

adaptoition, intermediate adaption, and narrow adaption. 

Varieties Bidi 17, GG Rkhem, Cloire de Montgolfier, 

Montpellier, and Oued Zenati had low yield and low response 



to favorable conditions. Mexicali, Vitron, Waha, and zB/Flg 

showed high yield and linear response to favorable 

conditions. Capeiti, INRAT 69, Polonicum, and Sahel showed 

satble yield. Yield was found to be negatively correlated 

with the sensitivity index to environment constraints 

(ISCE). Vitron was identified for favorable areas, Bidi 17 

for unfavorable areas, and Polonicum, INRAT 69, and Capeti 

for moderate water-stress areas. Stress physiological 

traits, water status, energetic status, and osmoregulation 

countribute to varietal adaptation. The use of countrasting 

models was proposed (1) Hedba 3 (low values for proline and 

fluorescence) and Stork (high values for proline and 

flurescence); ( 2 )  Hedba 3 (low value for proline) and Waha 

(high value for proline); (3) Bidi 17 (high values for 

proline and psi, low yield) and Waha (high value for 

proline, low value for psi, high yield) ; (4) Polonicum (low 

values for proline and psi, low yield) and Stork (high 

values for proline and psi, high yield). Results showed a 

consistent relationship between groups in terms of 

physiological traits and expressed yield stability. 

Chlorophyll flourescenece was found to have transgressive 

inheritance. The other physiological parameters have 

intermediate heritability. Analytical and synthetic 

approaches were proposed to identify drought-resistant 

varieties. 

A national trials was conducted at 14 sites for three 

years for 13 durum wheat cultivars grown in Algeria. Newly 

developed varieties, such as Mexicali 75, Hoggar and Zenati 

~outeille/Fg exhibited good levels of adaptability to 

favorable and intermediate zones. Chougran, Inrat 69, 

Capeiti and Sahel were adapted to moderate drought, and a 

group of local cultivars performed well under severe water 

deficit (Bidi 17, Gemgoum Rkhem, Rahouia, Oued Zenati and 

Montpellier). Waha performed well over a relatively wide 

range of environments. Water-deficit physiological traits 

such as florescence, water potential (Yf), and accumulation 



of free proline seemed to be involved in the drought 

tolerance mechanism. These results indicated the 

possibility of selecting genotypes of specific zones, by 

using these physiological traits. 

(M.M. Nachit, Benbelkacem, L. Brinis, 6. P-Monneveux) 

3.1.4.4. Boron-toxicity Tolerance in Durum Wheat 

Boron ( B )  toxicity occurs mainly in arid and semi-arid 

regions, especially in alkaline sils. It has been observed 

in the semi-arid areas of many countries in West Asia and 

North Africa (WANA) . Selecting or breeding crop cultivars 
with high tolerance or resistance to B toxicity is the only 

effective approach to increasing yield on soils high in B. 

In view of the importance of durum wheat in WANA, 

especially in semi-arid areas, work to identify B toxicity 

tolerant tolerant durum wheats was initiated at the 

International Center for Agricultural Research in the Dry 

Areas (ICARDA) in 1993. Experiments were in a plastic house 

under controlled temperatures and natural sunlight. Boric 

acid was added to create soil media with different B 

levels. Durum wheat had foliar B toxicity symptoms similar 

to bread wheat. When subjected to high soil B levels, grain 

soil B levels, grain yield was reduced, and heading 

delayed. There was significant variation in response to 

high soil B level among durum wheat genotypes. Screening of 

seedlings detected some germplasm accessions with high 

levels of B toxicity tolerance. 

(S.K. Yau, M.M. Nachit, J. J. Rayan & J. Valkoun) 



3.1.4.5. Performance of Crosses Derived from Abiotic Stress 

Tolerant Genotypes and Wild Relatives 

Under continental drylands, several lines derived from 

crosses between drought resistance x drought resistance and 

drought resistance x landraces have shown grain yield 

superiority over the checks. The highest yielding test 

entries out-yielded the best checks by more than one and 

half ton/ha (Table 3.10) . The largest contribution ( % )  to 

grain yield variability was made leaf rolling, agronomic 

score, and date to heading, 38.9%, 24.4%,  and 5.1%, 

respectively. There is no doubt that earliness continues to 

play a major role in durum yields in areas with heat and 

drought stress. 

The durum crosses with the dryland improved germplasm 

and T. dicoccoides are showing the best performance under 

drought conditions (Table 3.11) . The main contribution ( % )  

to grain yield variability were agronomic score (39.3%), 

date to maturing (6.1%, and resistance to wheat stem 

saw£ ly. 

Similarly, for the Continental Dryland agro-ecological 

zone and high altitude areas, the gene pools carrying 

resistance to yellow rust, wheat stem sawfly, cold, 

drought, and terminal stress have been developed. Nurseries 

with appropriate patterns such as early growth vigor, 

strong tillering and spike fertility, in addition to grain 

quality parameters have been distributed. Further, socio- 

economics studies have shown that durum production in high 

altitude areas is limited. In addition, the material 

produced for continental areas appears to be adapted to 

Mediterranean highlands. Therefore, in the future the two 

nurseries will be emerged. 

Further to upgrade NARS capabilities, training and 

follow-up visits were made. In addition, joint activities 

with NARSs were developed and later projects were written 

and presented for donors. Further, interaction among NARSs 



in different agro-ecological zones were established. The 

WANADDIN project is now in its third year. 

In the future the CIMMYT/ICARDA program will place 

more emphasis on the abiotic stresses and grain quality, 

particularly on moisture stress and yield stability; and 

incorporate jointly with NARS, various resistances into the 

specific germplasm for the different agro-ecological zones 

T a b l e  3 . 1 0 .  G r a i n  y i e l d  ( k g / h a )  of d u r u m  genotypes under 
dryland, T e l  H a d y a ,  ADYT, 1 9 9 7 / 9 8 .  

Grain yield 
Entry number Cross/ Name (Kg/ha) 

201 Fadda-98 6243 
Altar84/Stn//Lahn 
Altar84/Stn//Lahn 
Awl2/Bit 
Ruff/Fg//Turk 1/3/Stj6 
Bcr/3/Chl//Gta/Stk/4/Bcr/Lks4 
Gidara-2 
Bcr/3/Chl//Gta/Stk/4/Bcr/~ks4 
Sebah 
Otb-l 
Quadalete//Erp/Mal/3/Unk 
Syrian-2 
Bicrederaa-l 
Aghrass-l 
Terbol97-l 
Ombit-1 
Ruff/Fg//Turk 1/3/Gi13 

Checks 
2 Omrabi5 
7 Haurani 

11 Korifla 
16 Waha 3600 

Grand mean 4489 
LSD (5%) 1028 



T a b l e  3 . 1 1 .  G r a i n  Y i e l d  ( k g / h a )  of durum genotypes for 
C o n t i n e n t a l  D r y l a n d ,  B r e d a ,  ADYT, 1 9 9 7 / 9 8 .  

Grain 
Entry yield 
number Cross/ Name (Kg/ha) 

921 Ruff/Fg//Turk 1/3/Gi14 2521 
1014 Rutucha-1 2376 
604 Lahn//Gs/Stk/3/Gil-3 2363 
818 Bcrch-1 2242 
910 Albit-9 2232 
821 Altar84/Stn//Lahn 2165 
609 0~~1-l/Gdfl 2164 
906 Bcr//Memo/Goo 2149 
905 Quadalete//Erp/Mal/3/Unk 2126 
1120 Rutucha-l 2079 
1021 G-1273/4/DF21-75//61-130/U~y/3/128-13 2019 
904 Awl2/Bit 1984 
1020 Ruff/Fg//Turk 1/3/Brach 1979 
403 Lahn/Hcn 1944 
1103 Chl/T.dic.-Sy 20121//ICD 77-185/3/CD 1942 

20626 
823 Aghrass-l 1934 
617 20123 (Mor) /Mrb5//Stj4 1924 

Checks 
102 Omrabi-5 1291 
107 Haurani 1431 
111 Korifla 1595 
116 Waha 1565 

Grand mean 1540 
LSD 425.9 
CV% 8.8 

3 . 1 . 5 .  C o n c l u s i o n  

Broading genetic base for durum is achieved through 

introgression og genes from wild relatives. Improved 

drought research tools were identified. Use of molecular 

markers in the breeding was initiated. Improved durum 

germplasm has been generated with the adaptation required 

for the main target agro-ecological zones. Gene pools for 

resistance to the constraints encountered in each zone of 



WANA region were developed with improved resistance to 

biotic and abiotic stresses and for grain quality. 

For the temperate dryland agro-ecological zone, gene 

pools with resistance to leaf and stem rusts, Hessian fly, 

tan spot, root rot, and Septoria tritici have been 

generated and these gene pools were distributed to NARSs. 

Durum nurseries with appropriate adaptation patterns, such 

as earliness, medium plant height, high tillering capacity, 

spike fertility, kernel size, grain quality traits, 

tolerance to drought, heat, and terminal stresses. 

3.2. Pathology 

3.2.1. General Overview 

Durum wheat is cultivated under widely variable climatic 

conditions in the WANA region and is the most sustainable 

crop in the Mediterranean basin. Varietal monoculture is 

common among many farming communities, even large farm 

operations get use to manage and commercialize a given 

variety and often don't accept to change it. The variety 

Karim occupies about 50 to 8 0 %  of the wheat area in Morocco 

and Tunisia respectively. Cham 3 is the most cultivated in 

Syria, and Gerek79 in Turkey. These varieties and others 

probably fit the demand of the market for quality and that 

of the farmer for their productivity. Unfortunately they 

also fit pre-requisites of disease epidemic development. 

Karim ,Cham 3, and others have become very susceptible to 

septoria, yellow rust, and leaf rust. During favorable 

years yield loss due to diseases can reach up to 40%. The 

improvement of disease resistance of the commonly 

cultivated varieties or the newly developed germplasm is 

very important in order to sustain an adequate production 

level. The identification of sources of resistance to the 



prevalent durum wheat diseases is an important objective of 

the regional CIMMYT/ICARDA durum wheat project. 

At ICARDA all the potential durum wheat germplasm is 

screened for resistance to the predominant diseases in w m A  

such as yellow rust, leaf and stem rust, septoria, and 

common bunt. Breeding nurseries are initially screened at 

ICARDA (Tel Hedya) then within the region in collaboration 

with NARS. Over 900 entries were screened in 1998, 130 

fixed lines were tested for specific disease resistance and 

about 800were tested for multiple disease resistance (Table 

3.12) at ICARDA (Tel Hedya) then within the region in 

collaboration with NARS. Over 900 entries were screened in 

1998, 130 fixed lines were tested for specific disease 

resistance and about 800 were tested for multiple disease 

resistance (Table 3.12). Data pertaining to the evaluation 

of the nurseries within the region will be reported by NARS 

collaborators in the national annual report. Diseases also 

formed an important component in the WANADDIN project and 

reports of the disease networks will complement the 

information presented here. Thus only the results of the 

screening conducted at ICARDA are discussed in this report. 

Information pertaining to the diseases tested (isolates 

used, virulence types etc . . .  ) is reported in the IPM 

section. The nurseries tested (number of entries) and the 

diseases used for artificial inoculation are shown in the 

following table. 



Table 3.12. Durum wheat germplasm (number of entries) 
screened for resistance to rust, septoria and common bunt 
under artificial inoculation (Field & Plastic house) 
Breeding Nursery Total ~ b .  Wheat Diseases used for screening * 
screened Entries Y.rust L.ruet S.rust Sept. C.bunt 
DYR (Yellow rust) 4 0 + 
DLR (Leaf rust) 3 5 + 
DSR (Stern rust) 3 5 + 
DWST (Septoria) 2 0 + 
DOUMA ( SYR . Nur) 54 + + + 
DKL (Key Loc.Nur) 200 + + + + + 
DPD (Prel.Yd 400 + + + + + 
Trial) 
DACB (Aleppo CB) 80 + + + + + 
DRTB 17 + + + + + 
FFVT (farmer 48 + + + + + 
Trial 1 
Total 929 839 780 780 019 799 

* Syrian local isolates were used for artificial 
inoculation 

3.2.2. Evaluation of Durum Wheat Nurseries for Disease 

Resistance 

3.2.2.1. Resistance to Rust, Septoria, and Common Bunt 

Special nurseries for specific disease (325 lines) were 

evaluated under field conditions (Tel Hedya,Terbol, 

Roumania) and in the plastic house. The diseases 

considered were stripe rust, leaf and stem rust, septoria 

leaf blotch, and common bunt. 

Resistance to stripe rust (YR) was relatively good for 

all the nurseries tested. The number of entries showing 

good resistance to stripe rust was over 57% for DACB 

(crossing block) and DPD (preliminary yield trials), and 

exceeded 40% in DYR and DKL nurseries (figures, 3.1,3.3). 

DOUMA breeding material showed lower level of resistance to 

stripe rust as well as to common bunt (fig.3.2). 

Large number of fixed durum lines showed good 

resistance against Syrian isolates (65.8% in DLR) but a 

lower resistance level (20% in DLR+) was recorded in 

Romanian (fig.3.1). The breeding nurseries (DACB, DKL, DPD, 



FFVT) also showed a low resistance level to leaf rust 

(fig.3.1). In the yield trials (DPD) only 40 entries out of 

400 showed a good resistance level. The frequency of 

resistant material (27%) tested as farmer field 

verification trials (FFVT) is quite adequate considering 

the high infection level recorded among the screened 

material. 

The durum wheat germplasm screened in 1998 showed a 

relatively low resistance level to septoria, stem rust 

(fig.3.1& 3.3) and common bunt (fig.3.2). A relatively 

large number of lines showed intermediate type of 

resistance to stem rust (45.7% in DSR) and to septoria (40% 

in DST) (fig 3.1). This type of resistance is considered as 

tolerant and can be very useful in the improvement of 

resistance to septoria in durum wheat. Sources of 

resistance to stem rust should be improved in the Aleppo 

Crossing Block nursery (DACB). 
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Figure 3.1. Frequency distribution of resistance to rusts 
and septoria in four durum wheat nurseries 
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Figure 3.2. Frequency distribution of resistance to yellow 
rust and common bunt in DOCMA nursery 
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Figure 3.3. Frequency distribution of resistant lines to 
combinations of rusts in two durum nurseries 



3.2.2.2. Screening for Multiple Disease Resistance. 

Durum wheat is grown under a wide range of climatic 

conditions that ark conducive to the development of a wide 

array of fungal pathogens. In the WANA region quit often at 

least two of the rusts will appear simultaneously. ~t is 

common to observe good development of stripe rust and leaf 

rust in Syria, leaf rust and stem rust in Egypt. The rusts 

are also associated with other diseases such as septoria 

leaf blotch and tan spot. Resistance to septoria and leaf 

rust is essential for durum wheat targeted to North Africa. 

The nurseries tested for multiple disease resistance (table 

3.12) showed a good level of resistance to yellow rust 

(fig.3.2), however, the proportion of resistant lines to 

septoria among all the nurseries did not exceed 5%. Durum 

wheat lines in the DPD and DKL nurseries showed good to 

combinations of two rusts (fig.3.3). In the DPD nursery 27 

entries showed good resistance to both stripe and stem 

rust, 15 entries were resistant to stripe and leaf rust, 

and only 4 entries showed resistance to leaf and stem rust. 

In the D K L  nursery 17 entries showed resistance to stripe 

and leaf rust, 2 entries were resistant to stripe and stem 

rust but none of the lines tested shoed resistance to both 

stem and leaf rust. 

Among all the genotypes tested (Table 3.1) only 4 

entries (0.43%) showed resistance to the three rusts (Table 

3.13) . Resistance to septoria and rust was identified from 
different nurseries. Tables 3.14, 3.15,and 3.16 show the 

genotypes that are resistant to septoria and stripe rust, 

septoria and leaf rust, and septoria and stem rust 

respectively. 



Table 3.13. List of ~esistant Durum Wheat lines to Stripe rust, 
Leaf rust, and Stem rust 
Nursery Ent Name Pedigree 

DACB98 27 Hel/3/Bit/Corm//Shwa/4/~.m ICD92-0721-WABL-OAP-3AP- 
on1450/5/Mt16 OTR 

39 Ossll/Gdfl ICD92-0940-CABL-OAP-5AP- 
OTR 

DPD98 175 Hel/3/Bit/Corm//Shwa/4/T.m ICD92-0721-W-OAP-3AP-OTR 
on 1450/5/~tl-6 

217 Sti3/3/Gdfl/T.dicdsSY20013 ICD94-1010-W-OAP-21AP-OAP 

 able 3.14. ~ i s t  of ~urum Wheat Lines Resistant to septoria an 
stripe rust 
Nursery Ent Name Pedigree 

DACB98 55 Unk/5/PI178043/3/61- YA06128-OA-1A-OAP 
130/~ds//Gla/4/Vls//Ge553 

Dm98 151 DF9-71/3/VZ466//61- TE01061-23A-1A-1A-OA-OAP 
130/414-44/4/Ergene 

84 HFN94N MOR NO 21/Mrb5 ICD94-0172-T-OAP-24AP-OAP 
138 BD272/C Jucci//Stjl/3/Mnal ICD93-0257-T-OTR-12AP-6AP- 

OAP 
DPD98 141 BD272/C Jucci//Stjl/3/~nal ICD93-0257-T-OTR-12AP- 

10AP - OAP 
241 Krf/T.monIC 2165//Chah88 ICD92-0723-W-OAP-ZAP-OTR- 

3AP-3AP-OAP 
314 Ruff/Fg//Turkl/3/Gil3 ICD92-0081-H-ZAP-OAP-14AP- 

OAP 
329 Ruff/Fg//Turkl/3/Stj6 ICD92-0087-H-3AP-OAP-18AP- 

OAP 

Table 3.15. Reistant line to Saptoria and Leaf rust 
Nursery Ent Name Pedigree 

Dm98 98 Shwa/Stk//Bit/3/Kyp/4/Chah ICD92-0020-MABL-ZAP-OTR- 
88 4AP-OAP 

Table 3.16. Durum Wheat ~ i n e  Reeietant to Septoria and Stem rust 
Nursery Ent Name Pedigree 

DACB98 61 SD-19539 ICD92-0507-T-OAP-9AP-OTR- 
(UsA)//Awl2/Bit/3/Gi14 ZAP-OAP 



3.2.3. Prospects for Breeding for Disease Resistance in 

Durum Wheat 

Durum wheat cultivation under wide range of agroclimatic 

conditions and diversified farming systems necessitate 

special control measures for fungal pathogens that are 

inherent to such conditions. Disease resistance is 

essential for durum wheat cultivation in order to ensure 

stable yields under for low input environments and 

potential yields for high input environments. Future 

emphasis on breeding for disease resistance for the 

regional CIMMYT/ICARDA durum wheat program will target the 

following areas; 1) consolidate studies on diseases 

development and screening for resistance undertaken by sub- 

networks within WANADDIN project, 2) target resistance to 

prevalent diseases within agroecological zones, 3) identify 

effective resistance genes and with NARS attempt to develop 

a gene deployment strategy. 4)develop and adopt marker 

assisted selection and new biotechnology tools to monitor 

resistance genes in bread wheat germplasm and virulence 

genes in some pathogens, and 5) at the farm- level initiate 

an integrated disease management approach that can 

reinforce the collaboration with the IPM project in its 

attempts to develop cost-effective disease management 

control measures 



3.3. Virology 

When 84 durum wheat lines, which have been tested in the 

previous season in 30 cm short rows, were evaluated for 

their reaction to BYDV in l-m long rows during the 1997/98 

growing season, some lines showed high tolerance to BYDV 

infection. Results of the best performing lines are 

presented in Tables 3.17., 3.18., 3.19. 

Table 3.17. Re-evaluation of best performing Durum wheat 
lines for their reaction to BYDV infection after artificial 
inoculation with the virus, on the basis of symptoms 
disease index D . . ,  grain yield and yield loss (%), 
during the 1997/98 growing season. 

D.I. Gr. w t .  Yield loss 
Entry (0-9) ( g f m l  ( 8 )  
om rabi3/4Mrb s~/3/Rabi//GS/Cr 5.5 207 37.2 
Waha 6.5 226 45.3 
Ouassel-1/4/Gdoz 6.0 243 27.2 
SlZ/Cit//Ruff/Fg/3/Pin/Gre//Tob 
Mrb9/Haucan 5.0 206 39.7 
Hau/T.dic.-Sy 20017//Cham1/3Cham 1 5.0 202 40.5 
Ausl/5/Cando/4/By+2/Tac//11217655/3/ 5.5 211 47.2 
TIME//ZB/W'2 
Kia/Vic//Brachoua 5.0 202 42.7 
Lahn/Haucan 5.0 223 23.0 
Cannizzara 5.0 209 41.6 
Monroe 5.0 194 30.3 
Chl/Brachoua 5.0 303 10.1 
AW12/Bit 5.0 239 45.0 
Brach/T.dicds2OOl7//~aucan 5.0 239 29.4 
MrbSIOmguer-4 5.5 235 34.3 
GdovzSl2/Cit/Ruff/Fg/3/DwL5023 5.5 271 24.9 
Cys's' /SincapegYel's' /Cfns-Fg' s' 5.5 173 65.5 
Dack' S' -Kiwi's' 7.5 119 69.0 
(Hau) 27) /DCC-SUSC. 8.0 154 45.2 



Table 3.18. Performance of selected Durum wheat lines 
provided by the breeders at ICARDA and planted in 1 m rows 
showing tolerance to BYDV infection after re-evaluation, 
during the 1997/98 growing season. 
Entry D.I. (0-9) Gr.wt. (g/m) 
Gedifla/Guerou 1 5.0 14 7 
~tk/4/3k/3/30/~r//~it7l/~/~rb3 5.0 124 
Stk/4/Jo/3/Jo/Cr//Cit71/5/~rb3 5.0 168 
~icre/3/~hl//~ta/~tk/4/sicre/Loukos 4 5.0 164 
Stj4/3/Khbl//BD2014/Rabi 5.5 146 
Shihani/Brach 5.0 124 
GdOVZ 5.0 153 
512/Cit//~uff/~g/3/Ente/Mario//Cando 
LLOYD/Kia//Chl 5.0 136 
Chen/~ltars4//Genil-4 5.0 182 
Arthur 7l/Bicre//Mrb3 4.0 163 
MrbS/Omguer-3 4.0 131 
~ob/Lds//6783/3/Berk/7/Cr/Gs//Apul/3 3.0 141 
/DF17-72/4/PI/Gd/5/M/6.. 
Ruff/Fg//Turk 1/3/0mguer-1 5.0 125 
Kunduru 4.5 164 
Moundros-2 5.0 154 
Waha 4.0 146 
Sicilia lutri 4.5 147 
Cannizzara 5.0 140 
Mrb5 5.5 141 
Po 4.0 194 
Deraa 4.0 156 
Kabir-1 4.0 14 8 
Karasu 5.0 152 
Quadelete 5.0 167 
Heider 5.0 124 
Aric 31708.70/3/Bo//C.de 5.0 153 
Chile/Br/4/Cit/Gta 
Omruf -2 4.0 101 
Barba de lobo 4.0 110 
Simeto 4.5 136 
Cakmak 5.0 108 
Sert ,165. a 5.5 146 
Rugby 5.0 131 
Monroe 5.0 170 
Mrb5 5.0 106 
Out rob- 6 4.0 166 
~rbll//Snipe/Magh/3/Rfm-7 5.0 129 
Chl/T.dic.-Sy 20121//ICD77- 5.0 159 
185/3/CD20626 
Otb2 5.0 100 
~rch/T.dicds20017//Hcn 4.5 163 



Table 3.19. Evaluation of wheat germplasm in short 30 cm 
rows for tolerance to BYDV infection after artificial 
inoculation with the virus during the 1997/1998 growing 
season. 
Cereal Number of Lines with tolerance to 
nursery Lines tested infection 
Durum Wheat 
DKL- 1998 

(K .M. Makkouk, W .  Ghulam) 

3.4. Entomology 

3.4.1. Russian wheat aphid ( R W A )  

Russian wheat aphid, ~iuraphis noxia (Mordvilko), causes 

serious damage to wheat in North Africa, mostly in dry 

years. The aphid injects a toxin into the plant that 

destroys the chloroplast membrane, causing longitudinal 

chlorotic streaks to develop. Host plant resistance has 

been the most practical and economical means of controlling 

this pest. 

A total of 269 durum wheat lines were screened in the 

field at Tel Hadya for resistance to RWA. The entries were 

planted in hill plots, 10 seeds/ hill using alpha lattice 

design with 2 reps. One susceptible check for each crop 

species was used every 10 entries. This field experiment 

was infested at tillering stage with about 10 nymphs per 

plant. The evaluation was done three times at three weeks 

intervals using DuToit scale from 1-6, wherel= small 

isolated chlorotic spots on the leaves and 6 = severe 

white/yellow streaks and tightly rolled leaves. The 



promising lines selected from the field go through two 

stages screening in the greenhouse, initial and advanced. 

In the initial screening, the material is evaluated in just 

one rep. The promising lines from this initial screening go 

through an advanced evaluation (4 reps). The method of 

infestation and evaluation is similar to that of the field, 

except that seeds are planted in regular greenhouse flats 

and individual plants are infested at one leaf stage with 

10 RWA aphids. 

Table 3.20 summarizes the selected accessions that 

showed an intermediate level of resistance, score 3 in the 

Du Toit scale from 1-6. It is interesting to note among the 

resistant material, the dururn wheat line PDYT97 1614, which 

is derived from a cross with Ae. columnaris. These new 

sources of resistance are in use in the durum-breeding 

program to develop RWA resistant varieties in North Africa. 

Several other sources of resistance have been identified in 

the initial screening tests as promising to RWA, and will 

be tested in advanced screening for confirmation this 

season. 

Table 3.20. Sources of resistance to RWA, field and plastic 
house test at Tel Hadya, 1998. 
Source/number Species/~edigree 

T. monococcum IC 500134 
T. monococcum IC 500236 
T. monococcum IC 500240 
T. monococcum IC 500241 
T. monococcum 44 
T. monococcum 46 
T. araraticum 500338 
~cn/~e.columnaris 400020//Mtl-1/3/Mla-3 
Ae. Ovata 
Ae. Ovata 

AEGC097 73 A. kotschyi IC 400063 

(M. El Bouhssini, M. Nachit, A. Joubi) 



3 . 4 . 2 .  Hessian fly 

Hessian fly, Mayetiola destructor (say), is the most 

destructive pest of wheat in North Africa. In Morocco, 

yield losses due to this pest have been estimated at 32% 

and 36% for durum wheat and bread wheat respectively. 

3.4.2.1. Screening for resistance in Morocco 

This test included 100 accessions of wild relatives, and 

several hundred durum wheat lines. The test was carried out 

in the greenhouse at INFS, Settat. Entries were seeded in 

standard greenhouse flats, containing a mixture of soil and 

peat, at a rate of one row per entry and 25 seeds per row. 

In each flat, we included Nasma and Saada as susceptible 

and resistant checks respectively. At one leaf stage, flats 

were covered with cheesecloth and about 100 females were 

released in each flat. The evaluation was made three weeks 

later. Susceptible plants were stunted and dark green, 

where as resistant plants retained their light green color 

and were not stunted. Resistance was also confirmed by the 

presence of dead first instar larvae at the base of the 

stems. 

Table 3.21 shows the reaction of the wild species 

collection to Hessian fly in Morocco. Forty-eight 

accessions showed a good level of resistance. The highest 

number of resistant accessions was observed for Ae. ovata; 

68% of the accessions tested were either homogeneous or 

heterogeneous for resistance. Moreover, 43% of these 

selected accessions were homogeneous for resistance. 



Table 3.21. Reaction of an ICARDA collection of wild 
relatives of wheat (Aegilops and Triticum) species for 
resistance to Hessian fly in Morocco 

Number of Number of 
accessions resistant 

Species tested accessions 
A e .  Biuncialis 2 2 (H) 
A e .  
A e .  
A e .  
A e  . 
A e  . 
A e  . 
A e .  
Ae . 
Ae . 

Cylindrica 
Cauda ta 
Ven tri cosa 
Ova ta 
Triarista ta 
Spel toides 
Squarrosa 
Umbel 1 ula ta 
Geni cula ta 

2 ( ~ j  
1 (R) 
5 (R) 

32 (14R, 18H) 
2 (HI 
1 (H) 
1 (R) 
1 (HI 
1 i R )  

Ae. ventricosa also showed a high number of resistant 

accessions to Hessian fly. Five out of the 6 accessions 

tested were homozygous resistant. 

These resistant accessions in the wild relatives will 

diversify the sources of resistance available to Hessian 

fly in Morocco. 

Table 3.22 summarizes the reaction of the durum wheat 

Hessian fly nursery. Ten breeding lines showed a homozygous 

resistance reaction. Setal-3 and 4 are already in yield 

trials in Morocco. These lines will be the first durum 

wheat lines carrying Hessian fly resistance to be released 
in Morocco 



Table 3.22. Selected durum wheat lines resistant to Hessian 
fly in Morocco, greenhouse test, Settat, Morocco, 1998. 
Entry % resistant plants 
Tel-set-2 58.3 
Telset -3 100.0 
Telset -4 100.0 
Telset -5 82.4 
HFN94N MOR 30 7.1 
HFN94N MOR 47 100.0 
Bezaiz-SHL 100.0 
F4 38 J.S. 79.0 
F4 49 J.S. 92.3 
F4 2 0  J.S. 100.0 
F4 37 J.S. 100.0 
F4 1 5  J.S. 30.0 
Telset cross 100.0 
Cit/Saada//Sarif 100.0 
Nasma (Susceptible check) 0.0 
Saada (Resistant check) 100.0 

(S. Lhaloui (INRA, Morocco), M. El Bouhssini, N. Nsarellah 
(INRA, Morocco), M. Nachit, A .  Amri (I-,  Morocco)) 



4 .  SPRING BREAD WHEAT IBlPROVEmNT 

4 . 1 .  Spring Bread Wheat Breeding 

4 . 1 . 1 .  Introduction 

This project is a joint collaborative effort between CIMMYT 

and ICARDA. It emphasizes research on spring bread wheat 

for the dry areas of WANA, while CIMMYT-Mexico concentrates 

in developing germplasm and technologies for the more 

optimum environments (the irrigated and high rainfall 

areas) of the region. Improvement of winter and facultative 

bread wheat, grown in the high elevation and lowland areas 

with cold winters is handled through the joint 

TURKEY/CIMMYT/ICARDA program based in Ankara-Turkey. 

In 1997/98 season important changes took place in the 

program. Dr. G. Ortiz Ferrara who has led the program for 

the past 14 years has been transferred to a new post in 

Nepal and has been replaced by Dr. Osman S .  Abdalla. The 

program has also gone through budget and personnel 

reduction. In this process two of the long time assistants 

in program were retired. All these changes have prompted 

reconsideration of some of the on-going activities as well 

as the focus of the program. 

In this report the importance of bread wheat in West 

Asia and North Africa (WANA) is discussed and some of the 

results of spring bread wheat breeding, pathology, virology 

and biotechnology research are presented. Changes in the 

program methodology are highlighted and future research 

thrusts are outlined. 

(Osman S .  Abdalla) 



4.1.2. Importance of Bread Wheat 

Nearly one-third of the area planted to bread wheat in 

developing countries is located in marginal environments 

characterized by frequent drought stress during the growing 

season. Although marginal environments are widely 

distributed across the developing world, most of these 

areas are concentrated in West Asia and North Africa 

(WANA). In WANA, bread wheat is the principal food source 

for the majority of the population, which on average 

consumes more than 185 kg/capita/year, the highest per 

capita consumption in the world. This crop provides over 

half the calories consumed by people in WANA region and in 

some countries half of the protein of the daily diet. 

However, total wheat production and productivity in WANA is 

generally low and many countries in the region are 

substantial net importers of bread wheat. This trend is 

expected to continue on the rise if current rates of demand 

are maintained. 

Thus bread wheat is a strategic crop in WANA region 

and has an important role in the diet and the economy of 

the region. The main goal of this project is to enhance 

food security through achieving sustainable improvement in 

spring bread wheat productivity, yield stability and end- 

use quality in the rainfed, low-rainfall areas, of West 

Asia and North Africa (WANA) region. In achieving this 

goal, through close partnership with NARS in WANA, the 

project aims at supporting resource-poor farmers in the 

region and protecting the environment. 



4.1.3. Breeding Methodology 

The breeding methodology followed in the program continue 

to emphasize the following: 

I) Targeted crossing program 

11) Decentralization of selective research activities to 

NARS (e.g. Hessian fly research to INRA-Morocco). 

111) Multilocation testing: to expose the germplasm to the 

prevailing biotic and abiotic stresses in the region. 

Starting with 1998 summer nurseries, all basic 

material and segregating populations the SBW program for 

WANA, has been restructured and reorganized in a way that 

would clearly reflect germplasm adaptation and targeted 

environment. Summer 98 nurseries and segregating 

populations were classified into Low Rainfall (LR) or 

Moderate Rainfall (MR) . Eventually the germplasm 

classification will reflect adaptation to (a) WANA 

Continental LR and MR Areas (e.g. West Asia: T. Hadya- 

Syria) where drought tolerance, cold tolerance, yellow rust 

resistance and sawfly resistance is needed and (b) WANA 

Sub-continental / Sub-oceanic LR and MR Areas (e.g. North 

Africa: Settat-Morocco) where drought tolerance, terminal 

heat stress tolerance, Septoria resistance, and Hessian fly 

resistance is needed. 

The crossing program of 1998 reflected the new 

emphasis in the program where research on dry areas of WANA 

is prioritized. (Table 4.1) shows that 52% of the crosses 

made were targeted to Mediterranean Continental areas and 

48% were directed to Sub-continental dry areas. 



Table 4.1. Frequency Distribution of Dryland Crosses. - 
CIMMYT/ICARDA, 1998 
A) Mediterranean Continental No. of % Total DL* 
Areas (CA) Crosses % CA Crosses 
Drought + Cold Tolerance 97 69% 
Drought + Yellow Rust 43 31% 
Resistance 
Sub-total 140 100% 52% 
A)  Mediterranean No. of % SC % Total DL* 
Subcontinental Areas (SC) Crosses Crosses 
DroughtcRusts & Septoria 60 47% 
Resistance 
Drought+Hessian Fly 68 53% 
Resistance 
Sub- total 128 100% 48% 

4.1.4. International Nurseries 

To achieve its goal the spring bread wheat improvement 

program provides NARS in WANA with germplasm that combines 

high yield potential with resistance or tolerance to the 

biotic and abiotic stresses prevalent in the Mediterranean 

(continental and subcontinental) drylands. The continental 

areas set is meant for non-irrigated Mediterranean 

continental drylands (annual rainfall 250-400 mm) with 

fluctuating rainfall pattern and cold winters where cold 

damage can occur around tillering and anthesis. Germplasm 

targeted to such areas combine drought tolerance, cold 

tolerance and high yield potential. The major biotic 

stresses in such areas include yellow rust, common bunt and 

wheat stem sawfly. 

The subcontinental areas set is meant for 

Mediterranean temperate drylands (annual rainfall 250-500 

mm) with fluctuating rainfall pattern and mild winters. 

Germplasm targeted to such areas combine drought and heat 

tolerance with high yield potential. The major biotic 

stresses in those areas include leaf rust, septoria blotch, 

tan spot, barley yellow dwarf virus (BYDV) and Hessian fly. 



4.1.5. Experimental Design 

The use of an efficient experimental design greatly 

enhances the precision of estimating differences between 

test cultivars and hence enhances the efficiency of 

identifying superior cultivars. In 1 9 9 7 / 9 8  season the 

experimental design for spring bread wheat (SBW) yield 

trials at ICARDA main stations has been changed, for the 

first time, from Randomized Complete Design (RCBD) to in- 

complete block design utilizing Alpha-Lattice Design (ALD) . 
Analysis of semi-arid advance yield trials (AWYT-SAI at the 

dryland site of Breda showed 2 5 %  reduction in average SE of 

the differences between pairs of test lines and the alpha- 

lattice design resulted in relative efficiency of 2 . 0 6  over 

RCBD. The trials were conducted utilizing alpha-lattice 

design with 2 4  entries and 2 replications. The observed 

efficiency factor of 2 . 0 6  meant that the same precision 

could be obtained if RCBD with twice the number of plots 

(i.e. 4  replications) was used. Thus the use of alpha- 

lattice design has resulted in grater efficiency than the 

traditional RCBD and at the same time it represented a 

great saving in resources. 

Similarly, SBW International Yield Trials (RWYT-MR and 

RWYT-LR) for 1 9 9 8 / 9 9  season were distributed, for the first 

time, utilizing alpha-lattice design instead of the usual 

RCBD. To deal with the highly variable experimental and 

environmental conditions in WANA the search for and 

utilization of efficient experimental designs will continue 

in the future. In addition efforts will be made to identify 

the proper experimental plot size to use. 

4.1.6. Results of Advance Yield Trials 

In 1 9 9 7 / 9 8  season a total of 5 trials each of Advance Wheat 

Yield Trial-Favorable Areas (AWYT-FA) and Advance Wheat 



Yield Trial-Semi-Arid Areas (AWYT-SA) were conducted at 

ICARDA main research stations at Tel-Hadya, Breda and 

Terbol. The objective of these trials was to identify 

superior lines candidates for Regional Wheat Observation 

Nursery (WON) that was distributed to NARS in WANA region. 

The test stations represent a gradient in moisture and 

temperature stresses. Breda represents continental areas 

with sever drought and cold stress, Tel-Hadya is moderately 

dry and cold, while Terbol represents moderate/high 

rainfall and cool temperature. Table 4.2 lists some of the 

top yielding lines in AWYT-FA and AWYT-SA and shows their 

grain yield performance relative to the checks (Chame-4 and 

Cham-6). 

(0. Abdalla, M. Assad Mousa, A. Yaljarouka) 

Table 4. 2. High Yielding Lines from Advance Wheat Yield 
Trials (AWYT), Tel-Hadya, Breda and Terbol 1997/98. 

MYLD Yld % 

Nursery/Entry Name / Pedigree (kg/ha) Cham-4 
AWYT-FA: 

MYLD Yld% 

(kg/ha) Cham-6 
AWYT - SA: 
406 PIK/OPATA 3957 108 
422 LIRA/SHAS 4171 114 
515 KAUZ/STAR 4280 112 
516 KAUZ//KAUZ/STAR 4330 114 
517 STAR// KAUZ/STAR 4191 110 

FA= Favorable Areas, SA = Semi-Arid, MYLD = Mean Yield 
across Tel-Hadya, Breda and Terbol. 



4.1.7. Abiotic Stress-Cold Tolerance and Heat Stress 

Screening 

Many biotic and abiotic stresses limit wheat production in 

WANA. Temperature extremes (cold and heat) are among the 

major abiotic stresses that reduce wheat productivity. In 

WANA, typically wheat is sown in the fall, where its early 

growth and development occur during the coolest months and 

grain ripening occurs during the warmest months. Severe 

cold stress is common in the continental areas of WANA 

where cold damage can occur around tillering and anthesis 

leading to great yield losses. To improve yield in farmers' 

fields in environments prone to cold stress, the joint 

CIMMYT/ICARDA wheat program for WANA Region is actively 

involved in activities aimed at developing and enhancing 

genetic diversity for cold stress in adapted wheat 

germplasm. 

At Tel-Hadya, ICARDA main research station, planting 

dates of segregating populations and advanced lines are 

shifted in a way that would expose the germplasm to 

temperature extremes during the critical stages of plant 

development. Early planting, in the lSt week of October, 

utilizing supplementary irrigation and high fertility is 

routinely used to facilitate better selection for cold 

tolerance. Traits that are scored during selection include 

cold damage and frost resistance, in addition to yield. 

Depth of tillering node was found to be a good indicator 

for cold tolerance and it is measured in elite germplasm 

(Table 4.3). Cold tolerance of genotypes selected in this 

procedure is further confirmed in multi-site trials 

conducted at cold stress prone locations. This methodology 

has been proven to be effective and known cold tolerant 

lines such as "BOCRO" and "SHUHA" have been identified 

using this approach. Table 4.4 lists outstanding lines 

identified as cold tolerant in 1997/98 season. 



Table 4.3. Evaluation of Elite Bread Wheat Cultivara for 
Frost Resistance and Cold Tolerance 

Depth of 
Tillering Cold Frost 

CULTIVAR Node Damage Resistance Cold Tolerance 
(cm) (1-5) (5-100%) (L,M,H) 

VENAC 
CHAM - 4 
KABY 
BLOYKA 
CKAM- 6 
BOCRO - 4 

TRACHA- 1 
BOCRO - 1 
BOCRO - 3 
PICUS 4.1 1 100 H 
*Cold Damage: 1-Low, 5-Very High; Frost Resistance:S%very 
Low, 100% Very High, Cod Tolerance: L-Low, M-Medium, H- 
High. 

Table 4.4. List of Outstanding Cold Tolerant Lines, Tel- 
Hadya Early Planting, 1997/98. 
Nursery Name / Pedigree 
AWYT - FA : 

303 TEVEE~S~//BOL~S'/PVN~S~ 
306 RSK/5/21931/3/CH53/AN//GB56/4/AN64/6/BOW1S'*2/P 

RL'S' 
3 07 RSK/5/21931/3/CH53/AN//G~56/4/AN64/6/BOW'S'*2/P 

RL'S' 
AWYT-SA: 
114 TUI//CMH76-252/PVN1S' 
308 KAUZ'S1//BOW'S'/CM64798.7H.3H 

PWYT : 

417 RMN F ~ ~ - ~ ~ / s K A / / C A ~ ~ ~ ~ / ~ / M A Y O N  
52 0 SHUHA1S'/3/RMN F12-71/SKA//CA8055 
1506 N E S S E R / ~ / T X ~ ~ A ~ ~ ~ ~ - 7 / C D 8 0 9 / / V E E 1 S '  

AWYT= Advance Wheat Yield Trial; FA= Favorable Areas; SA= 
semi- rid; PWYT= preliminary Wheat Yield Trials. 



Similarly, late planting (2nd/3rd. week of March) and 

summer planting (June/July) are used to expose the 

germplasm to heat stress at grain-filling stage and during 

the whole growth cycle, respectively. Heat stress during 

heading and grain-filling period is common in WANA, 

particularly in North Africa, while heat stress during the 

whole cycle is predominant in the Nile Valley and Red Sea 

countries (Egypt, Sudan and Yemen). In addition to heat 

stress screening, summer planting helps in identifying 

lines that have vernaliztion requirement. In Table 4.5 

outstanding lines from families that exhibited good heat 

tolerance in summer planting at Tel-Hadya are listed. 

(0 .  Abdalla, V. Shevtsov, M.A. Mousa, A. Yaljarouka) 

Table 4.5. List of Outstanding Heat Tolerant Lines, F6 
S-er 1997/98 

F6 SUMMER 
Name / Pedigree SELECTION HISTORY 9 8 
VEE#7/KAUZ1S' ICW94-0029-OAP-OL-6AP-1AP-5AP 23 

CHIL/VEHYK ICW94-0052-OAP-OL-1AP-1AP-7AP 42 

4.1.8. Yield Stability and Adaptation of Spring Bread Wheat 

in the Mediterranean Dryland 

The international nurseries play an important role in 

germplasm dissemination as well as generation of 



information about germplasm adaptation from multilocation 

international testing. Such information is critical in 

planning future crosses and eventually determines up-coming 

germplasm. It generally takes about two years to compile 

data from multilocation international testing. In such 

activity NARS collaboration can not be under estimated. 

Here we briefly present results of 1996/97 

multilocation international yield trials testing with 

special emphasis on yield stability and germplasm 

adaptation. 

The mean yield of the 3 top-yielding cultivars, 

expressed as a percentage of the local check yield, in each 

test site of 1996/97 Regional Bread Wheat Yield Trial for 

Favorable Areas (RWYT-FA) and Semi-arid Areas (RWYT-SA) is 

shown in Figure 4.1 and Figure 4.2, respectively. Local 

check performance is indicative of site-specific 

adaptation. The range of observed yields in RWTY-FA was 

from 2757 kg/ha (Beja, Tunisia) to 7630 kg/ha (Jalalabad, 

Afghanistan) and for RWYT-SA was from 424 kg/ha (Qala Azad, 

Afghanistan) to 4604 kg/ha (Terbol, Lebanon). In both yield 

trials, the 3 top-yielding cultivars derived from 

CIMMYT/ICA3DA germplasm yielded more than the locally 

adapted checks across most test sites (Figs 4.1 and 4.2) . 
In general, these results indicate that the spring bread 

wheat improvement program has been successful in providing 

NARS in WANA with high-yielding germplasm, adapted to their 

own environments and with potential for release as new 

varieties to enhance wheat production. 

In Figures 4.3, the yield response of line #20 in 

RWYT-FA is regressed over site mean yield across the 19 

test sites of the Regional Bread Wheat Yield Trial for 

Favorable Areas. At most test sites, the yield of line #20 

was higher than the site mean yield. These results shows 

that line #20 (Seri B2//Veers'/Snb's') combines high yield 

and yield stability and as a consequence wide adaptation. 

Similarly, the performance of line # 7(Chil8s'//Vee's'/Tsi) 



across all 19 test sites of RWYT-SA exhibited its high 

yield and yield stability (Figure 4.4). Thus in addition to 

germplasm that exhibit high yield and specific adaptation, 

many lines in the germplasm provided by CIMMYT/ICARDA 

program express wide adaptation as well. 

(0. Abdalla, M. Assad Mousa, A. Yaljarouka, WANA NARS) 



7 

EG24 

GROl 

EGO2 4 EGO3 

% l f u O l  SY69  

EG11 
EGO4 NPO1 TRBL 

AF06 AF16 r,!GO1 SY67 - C U L V  
RRDA 

AF04 THAD 

- 

SITES 
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Figure 4.4. Yield of Advance Line # 7 across Dryland Sites 
in the RWYT-Semi-arid, 1996/97. 



4.1.9. Interaction with NARS 

4.1.9.1. On-Farm Verification Trials - Syria 

Collaborative research with the Syrian national program 

aims at identifying new bread wheat cultivars with better 

yield, yield stability, quality, disease resistance and 

tolerance to abiotic stresses than the best improved 

varieties currently under cultivation. On-going research 

activities are directed towards the main areas of wheat 

cultivation in Syria, namely: 

(1) Irrigated or supplementary irrigation areas 

(ii) Areas with >350 mm rainfall (Zone "A") and 

(iii) Areas with 250 - 350 mm rainfall (Zone " B " )  . 

Results of on-farm verification yield trials in Syria 

showed that the improved line "Bloyka", derived from 

CIMMYT/ICARDA germplasm, is promising in Zone "A". Its 

combined yield performs across all test sites showed 7% 

yield advantage over the improved check 'Cham 4" (Table 

4.6) . In addition, "BLOYKA" exhibited high yield stability 
outyielding "Cham 4 " ,  the main and widely cultivated 

variety in the zone, in 8 out of the 10 test sites (Figure 

4.5). 

(A. Shehada, 0. Abdalla, H. Hamzeh, M. Michael, M. Assad 

Mousa, A. Yal jarouka) 

Table 4.6. Yield of "BLOYKA" Relative to "CHAM-4", Farm 
Verification, Zone "An, Syria, 1997/98. 

MEAN* GRAIN YIELD 
CULTIVAR (Kg/ha) YIELD % CHAM-4 
BLOYKA 5385 107 

CHAM - 4 5043 1 0 0  

LSD 5% 2 3 3 

CV % 8.8 



1 Mehrakan 
(2417) 

Tartous 
(5495) 

0 1 2 3 4 5 6 7 8 9 1 0 1 1  

Sites and Sites Mean Yield (kglha) 

Figure 4.5. Yield Performance of "BLOYKA" Relative to 
"CHAM-4" - On Farm Trial, Zone A, Syria, 1997/98. 

4.1.9.2. On-Farm Verification Trials - Lebanon 

Within the frame work of the on-going collaboration between 

CIMMYT/ICARDA wheat program and the Lebanese Agricultural 

Research Institute (LARI) , new promising bread wheat lines 
were evaluated on Farmers' fields at 8 locations across 

Lebanon in 1997/98 season. In general, the results obtained 

indicate that tested bread wheat genotypes performed well 

in Central and West Beqaa and in North Lebanon. 

"Memof 22" significantly outyielded the check "Nesser" 

across 4 locations (Table 4.7) and exhibited reasonably 



high yield under the drier conditions of North Beqaa. 

However, the good performance of "Memof 22" in low rainfall 

conditions of North Beqaa needs to be confirmed next 

season. 

In the coastal locations, "Memof 2 2 " ,  "Bocro-1" and 

"Shuha-1'' were superior. "Towpe" was better than "Memof 22" 

in terms of resistance to yellow rust and outyielded 

"Nesser" in 3 locations (Table 4.7). Average grain yield 

for "Towpe" ranged between 1.8 t/ha under low rainfall 

conditions and 9.3 t/ha under high rainfall environments. 

"Towpe" is the most preferred cultivar by farmers and it is 

currently under consideration for release in Lebanon. 

(H. Machlab, 0. Abdalla, N. Rbeiz, A. Yaljarouka) 
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4.1.9.3. ~ i l e  Valley and Red Sea Regional Program (NVRSRP) 

4.1.9.3.1.Thermo-Tolerance Wheat Network 

Promising materials were tested in yield trials in 10 

environments in Egypt, Sudan, and Yemen. Seven genotypes 

gave mean yields greater than the mean yield of the checks 

(Condor, Debeira, El-Neilain, Giza 1 6 4 ,  and Giza 1 6 5 )  

across all environments. The genotypes were Condor's' x 

Baladi, Pfau, Pfau/Vee #5, Attila, Sids 1, Ures 81/Geln 81 

and Yemen. 

The results on morpho-physiological character studies 

indicated that grain yield under heat stress is highly 

associated with high biomass production, canopy temperature 

depression, number of heads per unit area, kernel weight, 

and slightly late maturity. 

(A. Elahmadi, A. Abdel Shafi, 0. Ibrahim, A. Sailan, N. 

Hadad, 0. Abdalla) 

4.1.9.3.2. Drought and Water-Use Efficiency Network 

Promising lines were tested in a regional yield trial 

across locations. Seven genotypes proved to be tolerant to 

moisture stress. Their grain yield ranged from 6  to 6.8 

t/ha in Egypt, 2.2 to 2 . 6  t/ha in Sudan, and 2 . 4  to 2.8 

t/ha in Yemen. These genotypes are:Jup/Zp//Coc/3/Pin/4/Gen, 

Pfau/Vee no. 9//Ures, Vee's' /Bonls', Giza 1 6 4 ,  Attila, Yemen 

and El-Neilain. 

(M.G. Mosaad, A. Elahmadi, A. Abdel Shafi, 2 .  Ali, A. 

Haider, N. Hadad, 0. Abdalla) 



4.1.9.4. Agricultural Technology Utilization and Transfer 

(ATUT) Project 

This is a tripartite project involving FCI-ARC, Egypt, ARS- 

USDA, Beltsville-MD and CIMMYT/ICARDA joint wheat 

improvement program. The role of CIMMYT/ICARDA SBW program 

in collaboration with the Pathology and Biotechnoloqy units 

at ICARDA is to produce Recombinant Inbred Lines (RIL) with 

and without stripe rust resistance from crosses involving 

long spike wheat from Egypt. Doubled haploid techniques are 

used in developing the RIL. The FCI-ARC, Egypt is expected 

to conduct field evaluation of the derived material while 

ARS-USDA is expected to develop micro-satellite markers for 

the major traits (yellow rust resistance, heat tolerance 

and high tillering capacity) of the derived populations. 

Sources of yellow rust resistance were identified and 

crosses involving high tillering yellow rust resistant 

source and susceptible long spike wheat were made. 

Currently development of doubled haploids is under way and 

progress is reported under biotechnology section of this 

report. 

4.1.9.5. In-service training and visiting scientist and 

Consultation with NARS 

Training and consultation with NARS activities conducted 

during 1997/98 included the following: 

8 At ICARDA hands-on training on breeding techniques and 

selection was conducted for two individual trainees from 

Egypt and Syria. The duration of the training was 6 

weeks. 

Logistical support and orientation was provided to In- 

service trainees from WANA Region (Sudan, Egypt and 

Tunisia) who attended 1998 Wheat Improvement Training in 

Mexico. 



One M.Sc. student, from Sudan, was attended to and 

assisted in conducting his thesis research in the summer 

of 1998. His research aims at evaluating progress made 

in breeding SBW for heat stress. 

A number of visitors to ICARDA were attended to, 

interacted with and assisted in selecting SBW germplasm 

relevant to their areas. 

Germplasm selection and evaluation was jointly carried 

out with the national programs of Sudan, Morocco and 

Iran. 

Participation in national research planning meetings of 

Egypt and Syria as well as Regional research 

coordination and planning meetings of North Africa 

Regional Program and the Nile Valley and Red Sea 

Regional Program. 

4 . 2 .  Pathology 

Bread wheat production in the WANA region is highly 

variable and generally much below the ever increasing 

demand. Major efforts have been made in increasing tocal 

production and productivity of wheat in WANA; nonetheless 

at the farm level average yields are low due to several 

production constraints. Among other factors that affect the 

productivity of bread wheat in WANA, diseases remain the 

most important constraint. Foliar diseases in particular 

can be very severe and hence not only reduce the biological 

yield but also incur other expenses, such as use of 

fungicides, that are associated with control measures. 

The most common wheat diseases in WANA region are the 

rusts, septoria leaf blotch, and common bunt. ~IMMYT/ICARDA 

regional wheat improvement program has always focused on 

the development of genetic resistance as its main strategy 

for disease control. In 1998. over 1200 bread wheat lines 



were tested at ICARDA (Tel Hedya) for their reaction to 

prevailing diseases. A total of 325 lines were tested for 

resistance to a specific disease and 891 lines were tested 

for resistance to multiple diseases (Table 4.8) . 
Information on disease isolates used and their respective 

virulence on Known resistant genes are discussed in the IPM 

report. 

Table 4.8. Bread wheat germplasm (number of entries) 
screened for resistance to rust, septoria and common bunt 
under artificial inoculation (Field & Plastic house) 

Breeding Nursery Total No. 
screened Entries Wheat Diseases used for screening * 

Y.rust L.rust S.rust Sept.C.bunt 
WYR (Yellow rust) 50 + 
WLR (Leaf rust) 
WSR (Stem rust) 
WST (Septoria) 
WKL (Common Bunt) 
WPD (Prel.Yd Trial) 
WAC (Aleppo CB) 
WKL (Key Loc .Nur) 
DOUMA (SYR.Nur) 
Total 
* Syrian local 

inoculation 

50 
45 
40 
140 
470 
97 
270 
5 4 

1216 
isolates 

+ + + 
+ + + 
+ + + 
+ + + 
941 941 936 
were used for 

+ 
+ 

+ + 
+ + 
+ + 
+ + 
931 1031 
artificial 

4.2.1. Evaluation of Bread Wheat Nurseries for Disease 

Resistance 

4.2.1.1. Resistance to Rusts, Septoria Leaf Blotch, and 

Common Bunt 

The bread wheat germplasm tested showed a good level of 

resistance particularly to leaf and stripe rust. Resistance 

to stem rust and septoria leaf blotch and common bunt was 

relatively very low (Figures 4.6 & 4 . 7 ) .  

Figure 4 . 6  shows the frequency distribution of 



resistance level within special bread wheat nurseries. 

Selected lines from these nurseries will be recommended for 

use in breeding programs as sources of resistance. In the 

special leaf and stripe rust nurseries (WLR & WYRI about 

50% of the entries showed good resistance. The number of 

resistant lines within the stem rust (WSR) and the septoria 

(WST) nurseries did not exceed 20%. Over 90% of the lines 

tested were susceptible to common bunt (WKL-B) (Figure 

4.61. With regard to septoria about 20% of the lines showed 

an intermediate type of resistance. This kind of resistance 

is considered as tolerant and could be exploited by the 

breeding programs. Complete resistance to bunt is very low 

among the material tested, however the intermediate type of 

resistance should be also maintained and used to develop 

tolerance within breeding material (Fig.4.6). 

Figure 4.7 shows the level of resistance (in % )  to 

rusts and septoria leaf blotch among breeding nurseries 

such as: key location (WKL), preliminary yield trials 

(WPD), and Aleppo Crossing block (WAC. WAC showed the 

highest number of resistant lines to leaf rust and septoria 

(Fig . 4 . 7 )  . WPD contained the highest frequency (60%) of 

yellow rust resistant lines. Selected lines from WPD could 

be recommended in areas where yellow rust is predominant. 

Better sources of resistance to septoria and stem rust need 

to be incorporated in such nurseries as WPD and WAC. 



WLR WYR WSR WST WKL-B 

Figure 4.6. Frequency Distribution of Disease Reaction in 
325 Bread Wheat Lines. 

Figure 4.7. Frequency Distribution of Resistant Bread Wheat 
Lines to Rusts and Segtoria tritici in Selected Nurseries. 



4.2.1.2. Resistance to Disease Combinations 

Under field conditions more often diseases infection can be 

due to combinations of different pathogens. Hence, 

germplasm within the advanced breeding nurseries was tested 

for combinations of rust diseases and rusts and septoria. 

About 840 entries within the WKL, WPD, and WAC nurseries 

were tested. 

Figure 4.8 shows the relative distribution (in %) of 

resistant lines to combination of diseases. The highest 

level of resistant lines (121 genotypes-25.7%) combining 

both stripe and leaf rust resistance was observed in WPD 

nursery. In WAC nursery 18.5% of the entries combined 

resistance to both leaf and stem rusts, 16.5% combined 

stripe and leaf rust resistance and 10.3% combined stripe 

and stem rust resistance. Fewer lines showed combined 

resistance to septoria and rust diseases (Fi9.4.9). 

IR.LR IR-R-SR LR-SR ST.YR ST-LR ST-% 

Figure 4.8. Frequency Distribution of Resistant Bread Wheat 

Lines to a Combination of Diseases in Selected Nurseries 



WKL WPD WAC 

Figure 4.9. Frequency Distribution of Resistant Bread Wheat 
Lines to Multiple Diseases in Selected Nurseries. 

A number of valuable genotypes (Table 4.9) exhibited 

good resistance to all three rusts. Lines that showed good 

resistance to septoria, stripe rust and leaf rust are 

listed in table 4.10. Lines resistant to septoria, leaf 

rust and stem rust are listed in table 4.11, and those 

resistant to septoria, stripe rust and stem rust are shown 

in table 4.12. The genotypes that combine resistance to 

septoria and to the three rusts are listed in Table 4.13. 

These genotypes confer a good resistance level for the 

predominant diseases in WANA region and therefore they will 

be utilized extensively in the crossing program. 



Table 4.9. Resistant Bread Wheat Lines with combined resistance to 

Stripe, Leaf, and Stem Rust. 

Nursery ENT Name Pedigree 

WKL98 

4 PRL8S'/PEW'S'//V763-153 ICW93-0332-lAP-OL-9AP-OL-OAP 
21 RNZAIKATYAA-~//BORO'S' ICW92-0504-LAP-OL-388-OAP 

41 TW'SS//CMH76-252/PVN'S' ICW93-00658AP-OL-LAP-OL-OAP 

59 BOCRO-2 CM 69599-PAP-2AP-ZAP-GAP 

101 TINAMOU CM 81812-12Y-06PZ-4Y-lM-OY-5M-OY- 
3%-OY 

HUDH'L- 1 

HUDHUD-10 

CHIL' S'  /MILLAW& 

BACANOR4 86/4/FCT/3/GOV/AZ//MvS 

CHORIZ0/3/NAC//F76/ALO'S' 

TEVEE'S'ISHUHR'S' 

TEVEE'S'/SHUHR'S' 

TEVEE ' S ' /SHUHA' S' 
TRACHP11S'//CMH76-252/PVN'S' 

TEVEE'S'//BOL~S/PVN~S' 

TEVEE'S'//BOL~S/PVN'S' 

TEVEE~S'//BOL~S'/PVN'S' 

TEVEE~S~//BOL~S'/PVN'S' 

KnUZ'S'/3/Tx62A4793- 
7/CD809//VEESm 

OTS-OAP 
40 MAYA'S1/SAP'S' CM5900B-hAF-lAP-4AP-2AP-2AP-OAP 

58 GV/Ald'S'/5lAld'S'/I/BB/Gll//CNO6 ICW87-0092-OAP-ZAP-OL-2AP-3L-OAP 
7/7c/3/wz/-1 

62 FLORKWA-2 ICW84-00~4-09A?-300L-lAP-3GOL- 
8AP-OL 

83 HYS//DRC*2/7C SWM 72394-4H-1H-lP-3 

90 C C / / C A L / S E / ~ / K ~ L / B B / ~ / N S ~ ~ ~ / H E R  466-91 HBW9-2 



Table 4 . 1 0 .  Bread wheat Linen with c h i n o d  resistance to Saptoria, 

Stripe, and Leaf Ruat 

Nursery Ent Name Pedigree 

WKL98 

BocRo's'/BhU'S1 

ZIDANE 89/3/PEG'S'//HD2206/HORKtS' 

KAVZsS'/CH0RIZO 

KAVZ'S'/CNORIZO 

CHIL'S~//TSI/SCTB~S~ 

CHIL'S'//TSI/SNB~S~ 

HUDHUD-1 

HUDHUD-10 

CRIL~~~/CV.BIJRGA~ 2 

TEVEE'S~//BOL-S~/PYN'S' 

TEVEE'S'//BOL'S'/PVN'Sa 

T E V E E ~ ~ ' / / B O L ~ ~ ~ / P V N ~ S ~  

TEVEE'S'//BOL'S'/PVN'S' 

STA~'S'/LIZ 

STM'SS/LIZ 

NS732/~R/4/VgEmS'/3/R37/GH1121//IULL/BB 

NS732/HER/4/VgE'S'/3/R37/GH1121//~/BB 

KAUZES'/3/TX62A4793-7/m8O9/jVEE1S' 

CHIL/2*STAP. 

WAC98 

68 HENNE~PGO CM 103540-OAP-OL-6AP-OTS-OAP 

76 KACINO 

83 HYS//DRC'2/7C SWM 72394-4H-1H-lP-S 



Table 4 . 1 1 .  Bread Wheat Lines with combined resistance to Septoria. Leaf 
and Stam Rusts 
Nursery Ent Name Pedigree 

CATBIRD 

TOW/SARA//BAU 

TOWlSARA//BAU 

TINAMOU 

CATBIRD 

CATBIRD 

CATBIRD 

CATBIRD 

Table 4 . 1 2 .  Bread Wheat Linen with combined resistance to Septoria Stripe, 
and Stem Runts. 
Nursery Ent Name Pedigree 

03 GOV/AZl/WS/3/WW/4/BOW 

101 TINAMOU 



Table 4.13. Bread Wheat Lines with combined resistance to Septoria, 
Stripe, Leaf and Stem Rusts. 
Nursery Ent Name Pedigree 

WKL98 

WAC98 

83 HYS/IDRC'2/7C BWM 72391-4H-lH-1P-S 



4 . 2 . 2 .  Prospects for Breeding for Disease Resistance in 

Bread Wheat 

Development of resistant germplasm should be targeted to 

specific agro-ecological zones within WANA where given 

biotic stresses are predominant such as septoria and leaf 

rust in North Africa, leaf, stripe and stem rusts in the 

Nile Valley region, and stripe rust in West Asia. 

Currently, at CIMMYT/ICARDA program, the level of 

resistance within the spring bread wheat germplasm is good 

for diseases such as leaf rust and stripe rust but it is 

not adequate for septoria, stem rust and multiple disease 

combinations. 

To achieve the objectives of disease resistance 

breeding the following activities are expected to continue 

or will be initiated in the future: 

1) Target prevalent diseases within the different agro- 

ecological zones in WANA, 

21 Evaluate germplasm, in collaboration with NARS, for 

specific diseases at hotspots representative of a 

given agro-ecological zone, 

3 )  Study the effectiveness of known resistance genes for 

incorporation in specific crosses, 

4 )  Develop and adopt marker-assisted selection and new 

biotechnology tools to monitor and recombine 

resistance genes, 

5) Initiate an integrated disease management approach, at 

the farm- level, to reinforce the collaboration with 

farmers and attempt to develop cost-effective and 

environmentally safe disease management control 

measures. 

(Amor Yahyaoui, H. Toubia Rahme, 0. Abdalla, M. A1 Naimi, 

I .Maaz) 



4.3.1. $valuation of Best Performing Bread Wheat Genotypes 

from Previous Seasons 

Re-evaluation of bread wheat lines from previous seasons 

identified some entries, which are highly tolerant to BYDV, 

as their yield was not seriously affected by virus 

infection. Out of 44 bread wheat genotypes evaluated, many 

lines were highly tolerant to BYDV infection e. g. WKL-96- 
30, WCB-96-9, PS-97-7, PS-97-61, Sel-Str-96-2, Sel-Str-96- 

18, WW-97-76 and Can-93-21. (Tables 4.14) . 

Table 4 -14. Re-evaluation of beet performing epring bread 
wheat lines for their reaction to BYDV infection after 
artificial inoculation with the virus, on the basis of 
symptoms disease index (D. I. , grain yield and yield loss 
, during the 1997/98 growing season. 
Entry D.I. (0-9) Gr. wt. (g/m) Yield loss ( % )  
WKL-96-4 4.0 208 29.9 
WKL-96-30 4.5 240 17.9 
WKL-96-109 4.5 188 34.5 
WKL-96-110 4.0 211 36.3 
WCB-96-9 4.0 242 23.0 
WCB-96-26 4.0 206 45.1 
WCB-96-75 4.5 198 44.1 
WKI-97-6 5.5 240 35.2 
WKL-97-9 5.5 220 25.8 
WKL-97-17 5.5 247 29.2 
WKL-97-28 4.5 203 42.5 
WKL-97-61 5.0 172 48.6 
WKL-97-84 4.5 244 39.3 
PS-97-7 4.5 208 18.8 
PS-97-19 4.5 226 16.0 
PS-97-27 4.5 193 30.3 
PS-97-31 6.5 196 35.0 
PS-97-34 4.0 197 20.7 
PS-97-61 4.5 202 13.4 
Maringa 4.0 193 18.3 
82Hari-776 4.5 2 12 24.5 
1zth-1~w-459 8.8 12 1 54.0 
(Susc. Check) 



4.3.2. Evaluation of ICARDA Cereal Nurseries for their 

Reaction to BYDV Infection 

A total of 1020 wheat lines were evaluated in 30 cm short 

rows based on the symptoms produced following BYDV 

inoculation. Results obtained suggested that 134 lines 

(13.1%) were tolerant to infection (Table 4.15). 

When 84 bread wheat lines, which have been tested in 

the previous season in 3 0 - c m  short rows, were evaluated for 

their reaction to BYDV in 1-rn long rows during the 1997/98 

growing season, some lines showed high tolerance to BYDV 

infection. Results of the best performing lines are 

presented in Table 4.16. 

(K.M. Makkouk, W. Ghulam) 

Table 4.15. Evaluation of wheat germplasm in short 30 cm 
rows for tolerance to BYDV infection after artificial 
inoculation with the virus during the 1997/1998 growing 
season. 

Number of Lines with tolerance to 
Cereal nursery Lines tested infection 
Bread Wheat 
WKL- 1998 240 2, 4, 13, 18, 21, 28, 30, 

31, 50, 57, 63, 73, 110, 
115, 119, 144, 165, 177, 
178, 179, 183, 185, 193, 
203, 206, 211, 212, 217, 
224, 228, 231, 234 

WON-FA-1998 148 37, 51, 55, 78, 79, 81, 
85, 97, 98, 99, 103, 106, 
111, 112, 123, 130, 138, 
140, 144, 146 

WON-SA-1998 182 1, 8, 10, 15, 20, 32, 41, 
47, 62, 63, 76, 77, 81, 
137, 157, 165, 176, 180 



Table 4.16. Performance of selected spring and winter bread 
wheat lines provided by the breeders at ICARDA and planted 
in 1 m row8 showing tolerance to BYDV infection after re- 
evaluation, during the 1997/98 growing season. 

D . I .  Gr . wt . 
Entrv (0-9) fa/rn) 
Spring Wheat 
WKL-97-3 4.0 196 
WKL-97-6 4.0 181 
WKL-97-41 5.0 163 
WKL-97-68 5.0 13 8 
WKL-97-94 6.0 132 
WKL-97-97 4.5 148 
WKL-97-130 5.0 168 
WKL-97-151 5.0 152 
WKL-97-169 4.0 155 
WKL-97-177 5.0 141 
WKL-97-178 5.0 152 
WKL-97-186 4.0 141 
PS-97-7 4.5 124 
PS-97-19 3.5 126 
PS-97-29 4 .O 134 
PS-97-31 4.0 143 
PS-97-34 5.0 106 
PS-97-54 4.0 115 
PS-97-61 3.0 139 
PS-97-63 4.0 11 8 
PS-97-67 5.0 134 



4.4. Entomology 

4.4.1. Identification of Resistance Sources to Hessian Fly 

in Spring Bread Wheat 

Hessian Fly (HF) is a serious insect pest on wheat in North 

Africa (Morocco, Algeria and ~unisia) and Southern Europe 

(Spain and Portugal). Among the biotic constraints, Hessian 

fly (HF) damage is considered to be the most important 

constraint limiting the productivity of wheat in North 

Africa. In Morocco, bread wheat yield losses due to Hessian 

fly have been estimated at 36%. However, if high 

infestations occur in the early stages of the crop 

development, studies have shown that damage caused by 

Hessian fly can result in total loss of the crop. 

For long-term crop protection, breeding genetic 

resistance in adapted cultivars has been identified as the 

most practical and economic control method for Hessian fly. 

Through the collaborative research between the National 

Institute of Agricultural Research (INRA, Morocco), and 

CIMMYT/ICARDA spring bread wheat program, some progress has 

been made with host plant resistance to control the damage 

of this insect. Screening bread wheat germplasm at Hessian 

fly "hot spots" in Morocco has identified several sources 

of resistance. Table 4.17 lists bread wheat lines that 

combine Hessian fly resistance and drought tolerance 

identified in Jemma Sahim, HF hot spot, during 1997/98 

season. 

4.4.2. Broadening the Genetic Base of Hessian Fly 

Resistance in Spring Bread Wheat 

The genetic interaction between wheat and Hessian fly is 

highly specific and consistent with a gene-for-gene 

relationship. Because of this highly specific interaction 



system between the host and the insect, often virulent 

biotypes evolve when few resistance genes are deployed on 

vast acreage for several years. The evolution of biotypes 

is a selection phenomenon that is challenging breeders and 

entomologists to continually find new sources of resistance 

and to properly combine and deploy the existing genes to 

increase their durability. 

Recently, the collaborative research on Hessian fly 

between INRA (Morocco) and CIMMYT/ICARDA durum wheat 

program has developed resistant lines through the 

introgression of H5 gene from bread wheat to durum wheat. 

Since H5 is major resistance gene in most HF resistant 

bread wheat cultivars in Morocco, this will greatly 

increase the vulnerability of both durum and bread wheat to 

new biotypes of Hessian fly. To avoid such a problem, 

CIMMYT/ICARDA spring bread wheat program has started 

combining different resistance genes to broaden the genetic 

base of resistance. Special emphasis is being made to 

incorporate resistance genes located on the D-genome since 

durum wheat lacks the D-genome. Table 4.18 list sources of 

HF resistance currently utilized in the program and 

indicates the resistance genes involved. It should be noted 

that some of the HF resistant lines combine as well 

resistance to Russian Wheat Aphid (RWA) or Wheat Stem 

Sawfly (WSSF). Currently there is an attempt to utilize 

multiple insect pest resistance in crossing program (Table 

4.18). 



Table 4.17. Drought Tolerant & Hessian Ply Resistant Bread 
Wheat Lines -Morocco, 1998 

WON-SA 1997/98 Line 

Plot No. 
2 2 NS732/HER//KAUZ'S1 
84 CHAM-6/SHUHA'S1 
8 8 CHAM-6/TRACHAtS' 
9 8 CHAM-6/KAUZrS' 
166 TEVEE~S'/KAUZ'S' 

RWYT-SA 1997/98 

Entry No. 
5 DOVIN- 1 

Table 4.18 Sources of Resistance to Hessian Fly, Russian 
Wheat Anhid and Wheat Stem Saw Flv 

Pest 
Line Origin Gene Resistance 

JOuDA/ SAADA INRA-MOROCCO H5 HF + RWA 
JOUDA/KS811261-5 INRA-MOROCCO HI3 HF 
NASMA*2/261-9 INRA- MOROCCO H13 HF 
POTAM*2/KS811261-8 INRA-MOROCCO H13 HF + WSSF 
NASMA*2/14-2 INRA-MOROCCO H22 HF + RWA 
SAlS*3/14-2 INRA-MOROCCO H22 HF 

HF= Hessian Fly; RWA= Russian Wheat Aphid; WSSF= Wheat Stem 
Saw Fly 



4 . 5 .  Biotechnology 

4.5.1. Development of Mapping Populations by the Doubled 

Haploid Techniques in Spring Bread Wheat 

Bread wheat lines with heat tolerance and resistance to 

yellow rust are needed for Egyptian farming conditions. To 

analyze the inheritance of these most important traits, 

crosses introducing yellow rust resistance into lines with 

the long spike character were developed and subsequently 

subjected to doubled haploid production. 

The crosses Giza 164 x Wyr 96 #2 and Sids 6 x Wyr-96 

#2 were performed under controlled environmental conditions 

in a plastic-house. Wyr96 being a source of Yellow rust 

resistance, Giza 164 being heat tolerant line and Sids 6 

possessing the long spike character. One plant each of the 

respective parent was crossed with one plant of the 

corresponding parent. For the cross Sids 6 x Wyr-96 #2, a 

total of 9 F1 plants and for Giza 164 x Wyr-96 #2, a total 

of 14 F1 plants were embryo-rescued after the initial cross 

to speed up population development. The F1 plants were then 

planted in pots and grown as donor plants for anther 

culture under controlled environmental conditions. Of the 

14 F1 plants used for anther culture for the cross Giza 164 

x Wyr-96 #2, 9977 calli developed, and they gave rise to 

500 green plantlets. Of the 9 F1 plants used for anther 

culture for the cross Sids 6 x Wyr-96, 4483 calli 

developed, and they gave rise to 200 green plantlets. Since 

doubling rate of 80% after colchicine treatment is common, 

a number of 150 fertile DH lines are expected. This number 

will be sufficient for QTL analysis. 

(5. Tawkaz, M. Baum, 0 .  Abdalla) 



5 .  FACULTATIVE AND WINTER BREAD WHEAT 

Introduction 

Improvement of facultative and winter wheat at ICARDA is 

conducted in collaboration with the Turkish national wheat 

research program and CIMMYT, within the framework of the 

joint International Winter Wheat Improvement Program, 

IWWIP, and in close collaboration with Iran and several 

other NARS's from Central and West Asia and North Africa 

(the CWANA region) including Pakistan, Afghanistan, 

Azerbaijan, Armenia, Georgia, Turkmenistan, Uzbekistan, 

Kyrghyzstan, Tajikistan, Kazakstan, Morocco, Algeria, and 

Syria. 

The 1997-1998 season was characterized by high 

rainfall in most of the CWANA region, and a closer 

collaboration with ICARDA partners in the improvement of 

winter and facultative bread wheat. 

As in the previous season, the major component of the 

breeding work is conducted in Turkey, while research at 

ICARDA, Syria concentrates on germplasm enhancement through 

crossing with adapted winter, facultative and spring bread 

wheat, and on the evaluation of the facultative and winter 

wheat germplasm for response to different diseases and 

insect pests. Special studies are also conducted to support 

the breeding work. A particular emphasis is placed on 

collaboration with Iran where rainfed winter wheat covers 

wide areas, and is subject to drought and diseases. 

This year's report summarizes the major results of 

work conducted within the framework of the joint Turkey- 

CIMMYT-ICARDA partnership, with more details on the 

component conducted at ICARDA and in Iran. 

(H. K e t a t a )  



5.1. Growing Conditions 

Climatic conditions in Turkey were marked by a relatively 

mild winter and favorable rainfall, in most of the country, 

including the Central Anatolian Plateau. Lodging was 

frequently observed, particularly in eastern Turkey 

(Diyarbakir) and in the Eskisehir region. Yellow rust was 

important throughout the country, but sunn pest was not a 

major problem. In Syria, the season was characterized by 

mild winter, high rainfall, and hot weather in late spring 

and throughout the summer (Table 5.1) . The temperature 

pattern was similar at all 4 sites, but winter was colder 

and longer at Konya and Maragheh, and much milder and 

shorter at Tel Hadya; the Sarghaya site is more 

representative of the North African highlands, with milder 

winter than in the Central Anatolian Plateau but higher 

risk of spring frost. Crop development at Tel Hadya was 

good in the irrigated field (with 20 mm irrigation, applied 

mid May 1998), but suffered from terminal heat/drought in 

the rainfed field, with yield averages around 5.0 t/ha and 

4.3 t/ha in the irrigated and rainfed fields, respectively. 

Yellow rust developed well in all nurseries at Tel 

Hadya, as a result of rainy weather and timely sprinkler 

irrigation. Leaf rust was also observed at Tel Hadya on 

late-maturing susceptible types, including those of the 

crossing-block and the preliminary yield trials. 

In Iran, the growing conditions of the rainfed winter 

wheat areas were generally above average. However, 

differences in.climatic conditions did exist among regions. 

A major heat wave swept the whole country towards flowering 

time. This checked the development of diseases but also 

affected yields in certain areas. In the Maragheh region, 

rainfall was above normal (347 mm), but October was dry, 

which affected stand establishment, and winter was cold 

with 125 days with below-freezing temperatures. 
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5.2. Germplasm Development and Screening 

A total of 1501 crosses were successfully made in 1998, at 

both Izmir-Turkey(349 singles plus 431 top crosses) and Tel 

Hadya-Syria (410 singles plus 311 top crosses). Table 5.2 

lists the number of entries in different nurseries 

developed and/or screened in each of Turkey and Syria. The 

entries are different across the two sites for the F1, F2, 

and F3 nurseries, as different crosses are made at each of 

the two sites. 

Table 5.2. Number of entries in major nurseries grown in 
mrkey and Syria, 1998. 
Nursery Turkey Syria 
F 1 1447* 890 
F2 1024 1075 
F3 960(645 plus 315) 315 
F4 (bulks from 459 459 
Syria) 
Head rows (HR) 35,500 - 
PYT (IRR & RF)  2849 (1984 & 865) 2849 (1984 & 865) 
YT (IRR &RF) 420 (220 & 200) 420 (220 & 200) 
AYT (IRR & RF) 200 (100 & loo) 200 (100 & 100) 

* Of which 472 come from Mexico. 

At ICARDA, Tel Hadya, all the germplasm was 

successfully screened for yellow rust, whose development 

was guaranteed by artificial inoculation and timely 

sprinkler irrigation. PYT entries were also screened for 

common bunt resistance. A natural leaf rust infection 

allowed additional screening for this disease. Table 5.3 

shows the best entries from the crossing block (CB) that 

combined resistance to yellow rust and leaf rust, and that 

possessed good cold tolerance, as measured under 

controlled-temperature conditions at ICARDA, Tel Hadya. 

Advanced breeding lines of the AYT98 were further evaluated 

for reaction to BYDV, and to the Russian wheat aphid. 



Table 5.3. Some characteristics* of most promising entries 
in the Crossing Block-98. 
Name Source YR LR CT Other 
163HAMIDIYE//VEE/KOEL CB-09 R MR M Early 
8 8 Z H o N G 2 5 7 / / ~ ~ 0 7 9 / ~ ~ ~  CB-17 R MR MR High 

tillering 
OK82282//BOW/NKT CB-28 MR R M 
TIRCHMIR~/LCO CB-46 R R M 
KS82W409/SPN CB-50 MR R M 
CH75539 CB-69 R R R Late 
CHAM6//1D13.1/MLT CB-75 R R R Good 

phenotype 
BUL1056.12186 CB-95 MR R R Waxy 
F4549-W2-1 CB-99 R R MR 
VORONA/HD2402 CB-136 R R MR Short, late 
TAST/TRM/~/MLC/~/CWW~~~. CB-154 R R R Short, late 
~ / S P N  
COLIBRE//O9344/AU/3/SDVl CB-168 R MR R Mid-late 
YUMAI15 CB-178 R MS MR Very early 
88 ZHONG 257//CN079/PRL CB-238 R R R Early 
VONA//KS752lO/TAMlOl CB-240 R MR R 
FANDANGO CB-248R R MR Late 
DARI - 16 CB-275 MR MS R Mid-late 
* YR: vellow rust, LR: leaf rust, CT: cold tolerance. 
R=resistant, MR=moderately resistant, MS=moderately 
susceptible. M=medium. 

In Turkey, the high rainfall in most of the country 

caused a wide-scale disease development. By far, the most 

frequently observed disease in Turkey was yellow rust, 

which was noted over Central Anatolia (Ankara, Haymana, 

Kayseri, etc.), Eastern and Southeastern Anatolia (Erzurum, 

Elazig, Malatya, Diyarbakir) , and in the Transitional Zone 
(Eskisehir). Root-rot infestation was important in Cumra. 

At Eskisehir, in addition to yellow rust, the following 

diseases were observed on suceptible types: leaf rust, 

powdery mildew, basal glume rot, and tan spot. At Haymana, 

all the facultative/winter wheat germplasm was screened for 

the three rusts, despite the moderate hail damage that 

affected the leaves. 

The selection scheme is similar to that described in 

the previous annual report (1997), with segregating 



populations evaluated primarily at Konya, Eskisehir, and 

Ankara in Turkey and at Aleppo-Tel Hadya, Syria; some 

segregating material was also evaluated by NARS at 

Maragheh, Iran. Yield performance is primarily evaluated in 

Turkey. To alleviate the soil problems of Konya, Cumra, and 

Eskisehir, an attempt was made to include more sites where 

advanced materials were tested. Again, results accumulated 

through years point to the usefulness of the Tel Hadya 

testing for the milder highlands of the region. 

Some of the most promising entries from the 

Preliminary Yield Trials (PYT) , Yield Trials (YT) , and 

Advanced Yield Trials (AYT) are included in Tables 5.4 

through 5.9. 

The results show a clear improvement of germplasm 

resistance to yellow rust. However, more research is needed 

to the improve leaf rust resistance, an important disease 

in some environments of the CAC countries. 



Table 5.4. Ten moat promising entries from Preliminary Yield Trials under 
irrigation PYT98(IRR) with high grain yield and other desirable traits*, 1998. 
Entry Name TKW YR CB 
6041 WEAVER//lD13,1/MLT 41 MS S 
5139 YMH/HYS//SPN/3/KEA/TOW 35 R S 
5252 TIRCHMIR1/~~~/4/1121031/TPR//C0652363/3/12300//SON/TZP 40 MS MR 
5353 BUC/S/NAPHAL/CI13449/4/SEL14,53/3/LANCER//ATL66/CMN 42 R MR 
5350 BUC/S/NAPHAL/CI13449/4/SEL14,53/3/LRNCER//ATL66/CMN 40 MS S 
5766 CHAM4/TAMZOO//RSK/€KG15 37 R S 
6058 lD131/MLT//AGR/NAC 37 MS MR 
5166 RGRIINACIIATTILA 38 R MR 
5703 ECVDlZ/KAUZ//UNXUOWN 42 MS MS 
6657 SDY/OK78047//ATTILA 40 MS - 

DAGDAS94 (Check) 41 S MR 
GEREK79 (Check) 32 VS S 

TKW: 1000-kernel weight (g); YR: yellow rust; CB: common bunt. R: resistant, 
S: susceptible, MR: moderately resiatant, MS: moderately susceptible, VS: 
hlghly susceptible. 

Table 5 . 5 .  Ten moat promising entries from Preliminary Yield Trials 
(rain fad) PYT98(RP) with high grain vimld and other desirable - - 
traits*, 1998. 
Entry Name YR CB 
709 ~~ZHONG~~/FDL~//HATUSXR R MR 

L O V ~ ~ / / L F N / S D Y ' ( E ~ ~ ~ - ~ ~ )  /~/SERI/~/SERI 
CHAM6//1013.1/MLT/3/SHI4414/CROW 
DAGDAS94 (Check) 
GEREK79 (Check1 

* YR: yellow rust. CB: common bunt. R: resistant, etc. 



Table 5.6. Most promining entries from yield Trials under 
irrigation YT98 (IRR) with high grain yield and other desirable - - 
traits*, 1998. 
Entry Name YLD %Best check YR LR 
7079 FDL4/KAUZ 6659 139 S MS 

55.1744/MEX67.l//N057/3/ATTI 6078 
JI5418/HATUSHA 5708 
W l 5 6 / ~ ~ D / / M ~ 7 7 3 / 3 / ~ 4 1 4 1 W l . l  5455 
SPN/NAC//ATTILA 5929 
TAM200/JI5418 5543 
F130Ll.l2/KAUZ 5364 
F308.02.2/PASA 5243 
DAGDAS94 (Check) 4779 

7189 KINACI97 (Check) 5027 100 S R 
* Mean grain yield (YLD)in kg/ha, based on yield at Konya, 
Eskisehir, and Edirne. YR: yellow rust; LR: leaf rust. 

Table 5 . 7 .  Most promising entries from Yield Trials (rain fed) 
YT98 (R?) with high grain yield and other desirable traits*, 1998. 
Entry Name YLD BC(%) YR LR 
7488 PI/MZ//CNO~~/~/LFN/~/ANT/~/ATTILA 3281 115 MR R 

7482 DAGDAS94 (Check) 2851 100 S S 
7389 DEREK79 (Check) 2708 86 VS S 

* Mean grain yield (YLD)in kg/ha, based on yield at Konya, Hamidya, 
Obruk and Cumra (root-rot). Selection also based on oerformance at ~ ~-~ ~ ~. 

Tel Hadya. BC: best check; YR: yellow rust; LR: leaf rust 



Table 5.8. Most promising entries from Advanced Yield Trials 
under irrigation AYT98(IRR) with high srain vield and other - - 
desirable traits*, 1998. 
Entry Name YLD BC 1 % )  YR LR 
9089 Z C L / ~ / P G F N / C N ~ ~ ~ / S O N ~ ~ ( E S ~ ~ - ~ ) / ~ /  6294 107 MR S 
9014 OK82282//BOW/NKT 6005 99 MR S 
9034 D Y R B ~ ~ . ~ ~ / ~ ~ ~ A B v D C . ~ O / / K A U Z / ~ / P L K  6043 105 MR MS 
9116 VORONA/HD2402 5986 102 MS R 
9041 CHAM4/TAM2OO//FDL483 5755 100 MR MS 
9043 MEX COMP3/4/CA8055/5/777~~~0~87 5813 101 MS MS 
9101 OK28822//BOW/NKT/3/F4105W2.1 6103 104 S MR 
9015 KINACI97 (Check) 6050 100 MS MS 
9060 KATYAl (Check) 6313 100 S S 

* Mean grain yield in kg/ha, based on yield at Konya, Cumra 
(root-rot). Eskisehir, Beysehir and Edirne. Selection also 
based on performance at Tel Hadya. BC: best check; YR: yellow 
rust; LR: leaf rust. 

Table 5.9. Moat promising entries from Advanced Yield Trials (rain 
fed) AYT98(RP) with high grain yield and other desirable traits*, 
1 o q a .  

Entry Name YLD BCI%) YR LR 
9326 NWT/3/TAST/SPRW//TAW12399.75 4577 113 R S 
9363 LOV~~//LFN/SDY(ESB~-24)/3/SERI/4/SERI 4205 116 MR MR 
9411 TRK13/KAUZ 4295 111 MR S 
9407 TRK~~//TRP~/BOW/~/YMH/TOB//MCD/~/LIRA 4647 120 MS MR 
9307 MNCH//TX71A374.4/TX7lA1039.V1/3/74CB4 4622 118 MS MR 
9329 TIRCHMIRl/KRC66//TRKl3 4657 115 MS S 
9348 130Ll.ll//F35.70/M073/4/YMH/TOB//MCD/ 4741 117 R S 
9380 DAGDAS94 (Check) 4027 100 MS S 
9335 GEREK79 (Check) 3709 92 VS S 

* Mean grain yield in kg/ha, based on yield at Eskisehir, Hamidya, 
Obruk and Erzurum. Selection also based on performance at Tel Hadya. 
BC: best check; YR: yellow rust; LR: leaf rust. 

(H. Ketata, H. Braun, A. MOrgOunOV, H. Bkiz, M. Keser, K. Yalvac, L. 

Cetin, F. Dueenceli, N. Polat, A. Atli, M. Jarrah, F. J. El 

Haramsin) 



5 . 3 .  Genetic Stocks 

Repeated testing of advanced breeding lines under 

controlled conditions led to the identification of elite 

lines with specific attributes. Table 5.10 lists winter/ 

facultative bread wheat lines with combined resistance to 

yellow rust and common bunt (Syrian isolates) and with 

resistance to different pathotypes of common bunt from 

Iran. All of the identified lines possess good agronomic 

characteristics. 

Table 5 . 1 0 .  Winter bread wheat l ines  res is tant  to  common 
bunt and t o  yellow rust.  
Name Cross Pedigree 
6720.ll/MDA38/WRM/3/69.14E/YMH/ WSY900378AlOH-OP-ZYC-OYC 

A number of advanced lines also showed tolerance to 

BYDV, including Triticum aestivum-Thinopyron derived lines. 

The results need confirmation during 1999. Three entries 

showed adequate tolerance to Russian wheat aphid at Tel 

Hadya (Table 5 . 1 1  and confirmative testing will be 

carried out in 1999. 



Table 5.11. Winter bread wheat lines tolerant to Russian 
wheat aphid (RWA), Tel Hadya, 1998. 
Entry Name Score* 
AYT98RF-9361 Z C L / ~ / P G F N / C N O ~ ~ / S O N ~ ~ ( E S ~ ~ - ~ ) / ~ / S E R I  3 

/ 5 /UA 
AYT98RF-9389 MEX ~OMP3/4/TRK13/5/~~887U122 3 
AYT98RF-9380 DAGDAS94 3 
AYT98RF-9365 GEREK79 (Check) 4 
AYT98RF-9360 BOLAL (Check) 4 
AYT98IR-9115 KINACI97 (Check) 4 

* Score : 1-5 scale with: l=tolerant, 5=plant completely 
dead. 

(K. Makkouk, M. El Bouhssini, M. Torabi, A. Yahyaoui, M. 

Naimi, H. Hassanpour, H. Ketata) 

5.4. International Cooperation 

5.4.1. Turkey 

With the major component of the breeding activities 

decentralized from Tel Hadya, an emphasis was placed on the 

collaboration with partners in Turkey, which included the 

planning and implementation of various joint breeding 

activities at Konya, Eskisehir and Ankara institutes sites. 

A special effort was made to test winter wheat germplasm 

for cold tolerance in collaboration with the Erzurum 

Research Institute, where facilities are being established 

for more reliable testing of seedlings in the absence of 

snow cover. However the facilities have not been completed 

yet, and testing was conducted in the open fields. Joint 

work was also conducted with the Diyarbakir Research 

Institute, with an emphasis on on-farm testing of improved 

cultivars. Two observation nurseries (WWONIR and WWONSA) 

were evaluated at Elazig and Malatya. At both testing 

sites, rainfall was high, which led to a good disease 

(mainly yellow rust) development and to moderate lodging. 

At Elazig, 22 improved breeding lines were evaluated along 



with 3 checks(2 stocks of the Ashoure land race and one 

improved check) . The land race stocks suffered from high 
susceptibility to yellow rust and lodging and were 

significantly outyielded by the improved check and the 

breeding lines (Table 5.12) . 
(H. Ketata, L. Tahtacioglu, T. Yildirirn, I. Ozberk, F. 

Ozberk, H. Braun) 

Table 5.12. Performance of two advanced breeding lines of 
facultative/winter wheat, in comparison with the Ashoure 
land race and commercial cultivars, Elazig, Turkey, 1998. 
Name Source98 Yield YR CT LOD 
CHAM4/TAM200/FLD483 AYT-9041 7.9 5MS 2 1 
PEHLIVAN (Improved check) 7.7 5MR I 1 
TAST/SPRW/BLL/~/SOTY/~/SUT//LER/. AYT-9309 7.5 OR I 1 
GEREK79 2.7 100s 1 4 
DAGDAS 94 5.7 20s 1 3 
KIRGIZ95 2.9 100s 1 4 
GUN91 4.5 60s 2 2 
IKIZCE 5.4 30s 2 2 
ASHOURE - 1 Farmer1 3.4 90s 1 4 
ASHOURE - 2 Farmer2 3.1 90s 1 5 

LSD(0.05) 0.9 
CV(%) 12.8 

Yield in t/ha; YR: yellow rust; CT: cold tolerance, and LOD: 
lodging, both measured on a 1-5 scale (1: tolerant, 5: 
highly susceptible). 

5.4.2. International Nurseries 

In order to improve the infrastructure for nursery 

preparation and insure that healthy seed is distributed 

through the IWWIP, the 3 partners (Turkish NARS, CIMMYT 

and ICARDA) joined efforts to build a seed unit and a seed 

health laboratory at Konya. While the seed unit is 

completed, the seed health laboratory still awaits 

completion, perhaps in 1999-2000. Seed for the 2nd WWON-IR, 

2nd WON-SA, and FAWWON was harvested from nurseries 

grown at ICARDA, Tel Hadya, due to concerns regarding the 



health of seed produced in Turkey; and the 3 nurseries were 

prepared and sent from ICARDA. The 31d EYT-IR and 3'* EYT-RF 

were prepared and distributed from Turkey after seed 

samples from Turkey had been checked in the Seed Health Lab 

at ICARDA. Although there was a delay in dispatching seed 

from ICARDA, all nurseries for CWANA countries reached in 

time for proper planting, in contrast to destinations 

outside the CWANA region. The number of nursery sets sent 

to 45 countries are shown in Table 5.13. 

Table 5.13. International facultative/winter wheat nurse- 
ries distributed by the IWWIP, August-September 1998. 
Nursery WANA CAC Other World (total) 
aLh FAWWON 2 1 16 7 0 107 
2nd WWONIR 2 2  16 17 5 5 
znd WWONSA 2 0 14 15 4 9 
31d EYTIR 2 3  15 5 4 3 
31d EYTRF 2 1 15 9 4 5 
Total 107 76 116 299 

Preliminary results from the lst Winter Wheat 

Observation Nursery for Irrigated Conditions -WWONIR (100 

entries)and lSt Winter Wheat Observation Nursery for Semi- 

Arid Conditions-WWONSA (75 entrieslindicated the usefulness 

of these two nurseries for providing NARS with improved, 

adapted facultative/ winter wheat germplasm. These 2 

nurseries, prepared for the first time in 1998, were 

dispatched to 20 programs in the CWANA region. Results will 

be compiled and analyzed by mid-1999. Data for the cjih 

FAWWON were returned from 94 cooperators from within and 

outside CWANA. Some of the best performing entries are 

shown in Table 5.14. Data of the 2nd Facultative and Winter 

Wheat Elite Yield Trial for Irrigated Conditions ( 2 n d  EYT- 

IR) and the 2nd Facultative and Winter Wheat Elite Yield 

Trial for Rain-fed Conditions ( 2 n d  EYT-RF) were received 

from cooperators in 18 sites of the CWANA region and 

Mexico. 



Table 5.14. Performance* of frequently selected entries 
from the 6th FAWWON. 1997. 

Rank 
Entry Name TS SEL YLD CT YR LR 
7 LOV~/SMS//TAST/SPRW S 18 124 62 76 194 
21 SULTAN95 S 22 47 50 37 91 
22 HN7/OROFEN//BJN8/3/SER R 17 15 93 122 91 
25 LCR/SERI/3/MEX-DW/BACA S 16 138 165 21 8 
31 DMN//SUT/AG(ES~~-7) /3/ S 18 19 142 18 6 
33 ATAY/GALVEZ87 MR 16 10 121 157 157 
41 LOV26//LFN/SDY(ES84-24 S 16 24 141 137 181 
52 DYBR1982-83/842ABVD C- MR 20 42 91 19 104 
53 DYBR1982-83/842ABVD C- S 21 54 110 2 91 
55 HATUSHA/TRK13 R 16 57 34 79 139 
68 KS82142/SERI S 16 11 147 63 34 
97 RPB868/CHRC///UT1567. S 17 17 49 72 64 
104 CLLF/BEZ//SU/CI13645/3 S 16 152 188 148 64 
115 WE1132 S 17 194 177 85 91 
127 YUMAIl4 S 18 8 137 11 116 
129 CH75460 S 16 28 43 9 91 
133 CH75584 S 18 97 73 6 124 
137 BUL1518.4.38 S 22 56 52 52 45 
162 MV19 S 17 71 23 96 59 
170 AKN/81-130//KS73H530/. MR 21 4 51 66 34 
* SEL=frequency of selection (the highest frequency in the 
nursery is 22, out of a total of 200 entries), YLD=grain 
yield, CT=cold tolerance, YR=yellow rust, LR=leaf rust. 
Lower values for rank indicate better performance across 
the sites. TS=tan spot, as assessed by field observation in 
Kazakhstan, during the travelling workshop, June 1998; 
S=suscetible, R=resistant, MR=rnoderately resistant. 

Results, summarized in a separate report, indicate 

that some of the early-developed lines already combined 

relatively high grain yield and some resistance to yellow 

rust. This is the case of the line 'AGRI/BJY//VEE1 and 

\0~82282//~0~/NKT' (entries 9918 and 9920, respectively). 

However, the level of disease resistance in these 2 

nurseries still needs improvement. 

(H. Ketata, H. Braun, A. Morgounov, H. Ekiz, A. Bagci, R. 

Malhotra, M. Jarrah, NARS collaborators). 



5 . 4 . 3 .  Iran 

The growing conditions in most of the rainfed winter wheat 

areas of Iran were above average. However, a major heat 

wave swept the whole country, towards wheat flowering. This 

stopped the development of diseases but also decreased 

yields in certain areas. In the Maragheh region, grain 

yields were in the range of 1-2.5 t/ha. In the Kermanshah 

region, yields were much higher, primarily because of 

higher rainfall (616 mm versus 347 mm) . Many of the 

superior lines significantly outyielded Sardari by 20-30%. 

Selections of the IWWIP cross OK82282//BOW/NKT showed good 

performance at Maragheh, Kermanshah, and Shirvan. At Qamlo, 

70 km south of Sanandaj, yields were low (1-2 t/ha), 

despite the high rainfall (430 mm), primarily because of 

long, cold winter and hot spring. 

Results of repeated testing of advanced winter wheat 

materials in the major rainfed wheat areas of Iran led to 

the identification of the following three lines, which are 

considered for release by NARS in 1998-1999: 

-(I) WZ/TM71/3/MnYA'Sr//BB/INIA/4/SEFID; IWB9-1-10838-Om- 

OW-6MA-OMA. This line yields higher than Sardari (108- 

110%). It is moderately tolerant to yellow rust and to 

bunt, and possesses good bread making quality. 

-(2) SBN//TRM/K253; IW89-1-11302-Om-Om-OMA-6MA-Om. This 

line has higher (110-120%) grain yield than Sardari, is 

moderately resistant to yellow rust and to bunt, and 

possesses good grain quality (white kernels, 11.6% protein, 

and good hardness) . 
- ( 3 )  SABALAN/l-27-56-4; iw89-110870-Om-Om-4MA-Om. This 

line is equivalent or superior in yield as compared to 

Sardari, is resistant to yellow rust, and moderately 

resistant to dwarf and common bunt. It has red kernels, 

slightly smaller than Sardari, but with better protein 

content. 



A review of the past 4 years (1994-1997) cereal work 

was jointly conducted by ICARDA and DARI-Iran researchers, 

and published in a document titled 'Wheat and Barley 

Improvement in the Dryland Areas of Ira: Present Status and 

Future Prospects'. While the review highlighted the 

important achievements made during this short period, it 

also pointed to the need for more research and resources 

(especially human resources) to achieve the goal of 

sustainable food production in the rainfed cereal growing 

areas of Iran. In addition, the review emphasized the need 

for closer collaboration between DARI and SPII, and for 

farmer participation in the process of technology 

development. 

DARL and ICARDA cereal researchers jointly wrote 

several publications dealing with cereal breeding for 

stress environments. These were presented at the 9th 

International Wheat Genetics Symposium, Saskatoon, Canada. 

(H. Ketata, M. Tahir, A. Amiri, I. Roostai, D. Sadeghaadeh) 

5.4.4. Central Asia and the Caucasus (CAC) 

A travelling workshop was organized by ICARDA and CIMMYT 

through 3 Central Asian Countries (Uzbekistan, Kyrghyzstan 

and Kazakhstan) during 13-21 June, 1999. Twenty-two wheat 

scientists from CAC countries, Turkey and Iran, 

participated in the workshop, along with scientists from 

ICARDA and CIMMYT, and other invited institutions (World 

Bank, Washington State University) . The participants 

visited research stations and farmers fields, observed 

wheat germplasm and commercial cultivars in the 3 visited 

countries, and discussed the outcome of the workshop at the 

closing day in Kazakhstan. 

As far as this. project is concerned, two important 

facts emerged: (1) the germplasm selected in Central 



Anatolia-Turkey is overwhelmingly late in these three 

countries (e.g. Atay, Dagdas, Sultan; Gerek is mid-late). 

Facultative or spring-like types (e.g. OK82282//BOW/NKT and 

SON~~//SK/~*ANE/~/SX/~/BEZ/SERI) are much more suitable to 

the sites visited, i.e. Gallaaral, Tashkent, in Uzbekistan, 

Bishkek in Kyrghyzstan, and Krasnovodopask, Kurday, and 

Almaty in Kazakhstan. Although the winter is cold in these 

areas, the winter duration is short. Facultative types with 

early maturity, similar to those suitable to Tel Hadya 

environment, perform extremely well in these Central Asian 

sites, provided they possess adequate cold tolerance. The 

two lines mentioned above were among the highest yielding 

test entries at Tel Hadya in 1996-1998. (2)Yellow rust is 

important in Azerbaijan (see GP Annual Report for 1996), in 

Tadjikistan, and of course in Iran and Turkey; and 

according to participating NARS scientists, it is less 

frequent in Uzbekistan, Armenia, and Kyrghyzstan, and is 

not important in Turkmenistan, Georgia and Kazakhstan. 

During the travelling workshop, no yellow rust was observed 

except in Kazakhstan, where it was attributed to unusually 

wet weather. On the other hand, leaf symptoms attributed to 

tan spot disease were frequently observed in Kyrghyzstan 

and Kazakhstan. Among the observed materials, the following 

were resistant to tan spot in Bishkek: PYN/BAU, 

AGRI/NAC//MLT (both from EYT-1996), LUTESCENS 42, 

ERYTHROSPERMUM 13, and ADYR (all from Kyrghyzstan); a 

number of lines in the 6th FAWWON were also found 

resistant, based on field observations in southern 

Kazakhstan (Table 5.15) . Laboratory analysis by a 

consultant pathologist revealed the presence of the 

following pathogens on the diseased wheat plants: Fusarium 

culmorum, Pyrenophora tri tici -repen tis, Fusari urn oxysporum, 
Rhizoctonia sp., and Alternaria alternata. Several other 

pathogens were also detected but were less prevalent. 

The travelling workshop was judged successful by the 

participants. They appreciated the genetic variability of 



materials from CIMMYT-ICARDA, expressed the desire to have 

a regional nursery specific for the CAC, and suggested to 

hold another travelling workshop in Turkey during 1999. The 

participants commented that more work and facilities are 

needed in pathology to monitor disease variation across the 

region. The seed sector needs improvement that would allow 

farmers to use the improved, adapted cultivars. Although 

agronomic research has been conducted in the past, research 

results have not reached the farmers. It was suggested to 

compile previous results and draw conclusions as to what 

can be adopted on-farm, and what further research needs to 

be conducted. In addition to training of researchers in 

specific subjects (including English language), equipment 

and necessary infrastructure need to be provided to 

research institutes to enable them meet the challenge of 

improving food production in this transitional phase. 

Table 5.15. Selected TCI* wheat breeding lines from the 6th - 
FAWWON, with tolerance to tan spot (TS), 1998. 
Entry Name TS 
22 HN7/0ROFEN//BJN8/3/SERI R 
27 HAWK/YACO//SXL/VEE R 
30 KRC/SERI/4/YMH/TOB//MCD/3/LIRA R 
55 HATUSHA/TRK13 R 
57 K V Z / H B ~ O O ~ / ~ / C N N / K H A R K O V / / K C ~ ~ / ~ / S K P ~ ~ / ~ / V E E  MR 
61 HAWK94/CHAM4 R 
65 KVz/CUT75/3/YMH//61.1523/DRC R 
70 ~~~/NE701136//C113449/CTK/3/SERI R 
71 NEMURA/PRL R 
72 ECVD14/SERI R 
77 Cl26-15-COFN/NlOB-P14//P101(ES85-8)/3/KAUZ R 
78 VORONA/HD2402 R 
79 VORONA/HD2402 R 
81 VORONA/HD24 02 R 
20 BEZOSTAYAl (resistant check) MR 
40 SERI82 (resistant check) R 
80 GEREK79 (resistant check) MR 

* TCI: TURKEY-CIMMYT-ICARDA. 
R: resistant, MR: moderately resistant. 

(H. Ketata) 



6. PATHOLOGY 

6.1. General Overview 

The cereal pathology program has conducted extensive 

screening for disease resistance.  reeding nurseries 

evaluated during 1997-98 for smuts and foliar diseases 

contained 11053 entries for barley, 1216 for bread wheat, 

929 for durum wheat and 250 for facultative winter wheat. 

The following table shows the diseases studied in 1997-98. 

Table 6.1. Wheat and Barley Germplasm Screened for Disease 
Resistance in 1997-98 

Foliar diseases Smut 
Cereal Stripe rust Leaf rust Stem rust Septoria C.Bunt 
Bread Wheat 941 887 882 93 1 1031 
Durum Wheat 839 780 780 819 799 
F.W.Wheat 250 

Foliar diseases Seed transmitted diseases 
Barley Scald P.Mildew B.Stripe L.Smut C. Smut 

9723+680 328~1903 309 359 334 

The relative performance of this material is discussed 

in the pathology chapter of each cereal breeding project in 

the germplasm program. 

The material covered in this part of the report 

pertains to specific studies on host-pathogen interaction 

and the development of specific germplasm pools for disease 

resistance, hence, identification of sources of resistance 

among breeder's material. For each crop species a specific 

germplasm has been assembled for use in breeding programs 

as sources of resistance for single as well as multiple 

disease resistance. 

Another important ongoing activity was the study of 

disease incidence, virulence patterns and shifts of most 

common diseases through surveys, trap nurseries, and 

pathogenicity studies under controlled environment. 



Special studies pertaining to cereal pathology were 

carried out through thesis projects or special projects. In 

1 9 9 7 - 1 9 9 8  studies on cereal cyst nematodes and root rots 

have been realized. 

Crop loss assessment and the development of an 

integrated disease management as a control measure are also 

among the activities being undertaken by the cereal 

pathology program. 

Collaborative projects with NARS in WANA region, and 

advanced institutions represent an important activity in 

cereal pathology at ZCARDA. 

(A. Yahyaoui) 

6.2. Cereal Disease Survey in Syria 

6.2.1. Foliar Diseases. 

A survey was conducted between 3-10 May 1 9 9 8 ,  one day in 

Al-Gab, Two days in south Syria and two days in North - 

East Syria, in farmers fields and research stations at Al- 

Gab, Jillin, Al-Raqqa, and Himo, to assess the importance 

of foliar diseases on wheat and collect samples for 

pathotype identification. The major diseases encountered 

were yellow rust, leaf rust and septoria leaf blotch. The 

severity of infection and reaction types were recorded in 

each surveyed field for yellow and leaf rust on 0 - 1 0 0 %  

scale and disease incidence in case of septoria leaf 

blotch. The visit included both irrigated and rain-fed 

cereal crops. 

Survey in Al-Ghab resion: 

The trip started from Khan Sheikhoun near Hama where the 

first disease incidence was observed. The survey included 

20 fields in 9  locations, in addition to the Al-Ghab 



research station. The majority of the wheat area was 

planted to durum wheat, mostly the varieties Cham 3 and 

ACSAD 65. Out of 20 surveyed fields only three were planted 

to bread wheat. In these 20 fields, yellow rust was 

observed in all visited fields: severity of infection 

ranged from 10 MS in the durum wheat cultivar Lahen to 75 S 

in the durum wheat cultivar Cham 3, and from 50 to 60 S in 

the durum wheat cultivar ACSAD 65. Severity of infection in 

bread wheat fields ranged from 60s to 90s in cv. Mexipak at 

Salh. 

Leaf rust was found in all durum wheat fields included 

in this survey. Severity of infection ranged from 605 in 

durum wheat cultivar Cham 3 to 85s in ACSAD 65, and from 

40s to 90s in bead wheat fields. 

Septoria leaf blotch was observed in the 20 surveyed 

fields of both durum and bread wheat. The disease incidence 

ranged from 10% in the bread wheat field at Salh to 75% in 

the dururn wheat, cultivar ACSAD 65, at Al-Ghab research 

station. 

Survev in Jillin Reqion: 

The survey included the wheat fields from Damascus to Izzer 

and from Izzer to Jillin research station. All wheat 

fields were planted to durum wheat and out of 18 visited 

fields in 9 locations, 17 fields were under rain-fed 

condition. Only one field was irrigated at Tafas. Yellow 

rust was found in all visited fields and severity of 

infection ranged from 10s near Izzer to 50s at Tafas. Leaf 

rust was found in all visited fields and severity of 

infection ranged from 50 to 80s. Septoria leaf blotch was 

found in four locations and the disease incidence ranged 

from 5% to 30%. 

Survev in Himo reqion: 

Out of 40 surveyed fields (30 durum wheat and 10 bread 

wheat), yellow rust has been found in all visited fields 



and severity of infection ranged from 205 in durum wheat at 

Masskaneh to 50s at Al-Raqqa research station, 20s at Tel- 

Abiad to 405 at Kamishley. In bread wheat fields, severity 

of infection ranged from lOMS at Masskaneh to 80s at Al- 

Raqqa research station and 100s at Himo. 

Leaf rust was observed in 30 fields and severity of 

infection ranged from 10s to50S in durum wheat on the main 

road from Masskaneh to Al-Raqqa, 50s at Al- Raqqa research 

station, from 205 to 10s from Al-Raqqa to Tel-Tamer, and 

505 at Tel-Abiad. In bread wheat severity of infection 

ranged from 255 at Masskaneh to 505 at Al-Raqqa. 10s at 

Tel-Tamer, and 10s at Himo. 

Septoria leaf blotch was in 11 fields, five fields 

between Masskaneh and Al-Raqqa, two fields between Tel- 

Tamer and Kamishly, and two fields from Tel-Abiad to 

Aleppo. The disease incidence in these fields ranged from 

10% to 30%. 

(S.Hakim (University of Aleppo), A.Yahyaoui, M.Naimi) 

6.2.2. Root rots of barley in Northern Syria 

Surveys were made in May 1998 covering four routes (Hama- 

Selamiyeh; Aleppo-A1 Bab; A1 Bab- Raqqa and Raqqa- 

Hassakeh). A total of 40 barley fields, 20 to 40 km apart, 

were surveyed. The growth stages of barley ranged from late 

milk to maturity. However, 60% of the crops were at their 

maturity stage. 

An assessment was made for the incidence and severity 

of barley root rots. Forty plants with their roots were 

randomly uprooted from each farm and the subcrown internode 

(SCI) of each plant was examined for the extent of lesions 

in the laboratory. The plants were separated into 6 disease 



categories based on S C I  surface covered by lesions: 

1, no lesion; 

2, 1 or 2 lesions covering ~ 1 0 % ;  

3 ,  lesions covering 10-25%; 

4, lesions covering 25-50%; 

5, lesions covering 50-99%; 

6, lesions covering 100%. 

 ise ease severity was calculated using the following 

f orrnula : 

Disease severity ( 8 )  = (ZN, + 5N2 + ION,) X 100/10 X total 
number of plants, where 

N, is the number of plants in categories 2 and 3, 

N, is the number of plants in category 4, and 

N, is the number of plants in categories 5 and 6. 

The cropping sequences recorded during the survey were as 

follows : 

1) continuous barley, 2) barley-fallow and 3) barley- 

curnin/forage legume rotations. 

The barley-fallow rotation covered 32% of the total 

fields surveyed. The incidence and severity of root rots 

varied from field to field but on average the incidence was 

not very much different in the four routes (Table 6.2). 

However, the highest severity of root rots were observed in 

Aleppo- A1 Bab, and A1 Bab- Raqqa routes. The pathogens 

associated with infected roots are being under 

investigation in the laboratory. 

Table 6.2. Mean percent incidence and severity of root rots 
of barley in north Syria, 1997/98 Crop- season 

Incidence Severity 
No. of 

Route fields Mean Range Mean Range 
Harna-Selamiyeh 12 41.5 22-70 8.9 5.0-14.0 
Aleppo - A1 Bab 11 44.8 43-71 13.3 7.8-15.7 
A1 Bab - Raqqa 13 48.7 24-75 10.6 5.0-17.5 
Raqqa-Hassakeh 4 46.2 23-59 7.8 4.7-10.6 

(S. Kamal) 



6 . 3 .  V i r u l e n c e  studies 

6 . 3 . 1 .  Wheat rusts. 

Trap nurseries were used to identify the prevailing 

pathotypes and races for yellow and leaf rust of wheat in 

Syria. The trap nurseries consisting of differential sets 

(45 genotypes for yellow rust and 37 for leaf rust) were 

planted in "hot spots": Tel Hadya, El-Ghab, and Jillin for 

both diseases, an additional two sites were used for stripe 

rust: Himo in Syria and Terbol in Lebanon. 

Each genotype in the differential nursery was planted 

in the field in 2 rows, lm long. The plant were evaluated 

under natural infection, except at Tel Hadya, where the 

plants were inoculated twice, at tillering stage, with a 

mixture of urediospores. The inoculum was collected the 

previous season from naturally infected fields at different 

locations of Syria. Severity of infection (0-100%) and 

reaction type, as designated by Peterson et a1 1948, were 

assessed at heading stage. Table 6.3 shows the reaction 

types of the differential genotypes at the different sites. 

The stripe rust differentials include new accessions being 

tested as potential differentials in the WANA region. Known 

resistant "Yr" genes are shown (Table 6.3) . 
The field data showed that the virulence to Yr. gene 

at the adult stage was as follow: 

Jillin (6, 7, 9+, 7+, 6+, 8, 2+, 10, 9, 18, 2, A+) 

Tel-Hadya (6, 7, 10, SD, SU, 9+, 6+, 7+, 2+, 8, 9, 18, 2, 

A+ 

Al-Ghab (6, 7, 10, SU, 9+, 7+, 6+, 2+, 8, 9, 18, 2, A+) 

Himo (6, 7, 10, SU, 9+, 6+, 7+, 2+, 8, 21, 9, 18, 2, 

A+ 

Terbol (6, 7, SD, SU, 9+, 6+, 7+, 3N, 2+, 8, 15, 10, 9, 

18, 2, A+) 



Table 6.3. Severity of infection m d  reaction type of wheat yellow rust differentials 
in Different locations in Syria and Lebanon in 1998. 

Syria Lebanon 

Genotype: Differentials 
(Yr. Gene) El-Ghab Jlllin Himo T.Hadva Terbol 

No. Crosses w/Selected " Yr"genes (3/5/981 (5/5/981 (10/5/98) 114/5/98 15/6/98) 
1 Ch~nese 166 (W;Yrl) TR TR TR TR 5MR 
2 Lee (S; Yr71 805 80s 70s 80s 70s 

Hiene's Kolben (S; ~r6+one) 
Vilmorrn 23 (W;Yr3a04a+other) 
Mar0 (W; YrlO) 
Strubes Dikkopf (W;Z-more?) 
Suwon 92xOrnar (W: I?) 
Clement lW;Yr9+1) 
Hybrid 46 (W; Yr3b.4bl 
Rrichersberg 42 (W; Yr7+one) 
Heines Peko (S;YrS+one) 
Nord Desprez lW;Yr3a+4ai 
Compare 1S;YrE) 
Carstens V (W;?) 
Spald~ngs Prolific (W;?) 
Heines VII (W;Yr2cl) 
Aroona 
Aroonaf5/Yrl 
Aroona+6/Yr5 
Aroona*B/YrB 
Aroona*3/Yrl5 
Aroona*6/Yrl7 
Avocet R 
Avocet S 
Yr5/6' Avocet S 
Yr8/6" Avocet S 

27 Yr15/6* Avocet S 
28 M2435 

85s 
TR 
TR 
LOR 
10R 
10s 
TR 
205 
35s 
TR 
lOMS 
TR 
TR 
10s 

5R 
lOMS 
40s 
TR 
TR 
405 
95s 
5R 
10s 

855 
TR 
10s 
30MS 
35MS 
605 
TR 
65MR-M 
65MR-M 
TR 
lOMR 
TR 
TR 
55s 
95s 
5R 
40M 
BOMS 
5R 
5R 
5R 
95s 
5R 
40MS 

705 
1 OMR 
SNR 
50M 
30M 
40M 
TMR 
15MS 
25MS 
15M 
5MR 
5MR 
TMR 
30MS 

TMR 
25MS 
70s 
15MS 
0 
0 
90s 
5MR 
50M 

5R 10R TR TR TMR 
50s 80s 40s 85s 40s 

Yr10!6* M2435 
Federation 
Fed. 41Kavkaz (Yr9) 
Jupateco R (YrlB) 
Jupateco S 
Kaiyansona (Yr2) 
Cranbrook (Yr71 
Corella (Yr6+Yr71 
Oxley lYr6+APR) 
Cook 
Anza (A+) 
Sonallka 
Triticvm spelta (Inter, Y 
Gereck 79 
Cham 1 
Seri 82 

95s 
95s 
95s 
90s 
EOS 
20M 
75s 
90s 
TR 
90s 
5R 
405 



Table 6.4 shows the reaction types of the differential 

genotypes under field conditions at El-Ghab and Jillin and 

following artificial inoculation at Tel Hedya. The 

virulence to known resistant "Lr" genes observed at 

different sites in Syria was as follows: 

(2b, 2c, 3, 3B, 9, 10, 14b, 25, 26, 29, 30, 32, 33, 34, 36) 

The virulence analysis (Table 6.4) shows that the natural 

population of leaf rust at Jillin was the most virulent in 

Syria . The virulence to Known "Lr" resistant genes at 

adult stage was as follows: 

Tel-Hadya (2b. 2c, 3, 3Bg. 10, 14b, 25, 26, 29. 30. 32, 33, 

36) 

El-Ghab (2b, 3Bg, 14b, 32, 33, 34, 35, 36, 13) 

Jillin (Zb, 1, 2a, 2C, 3, 3ka, 3Bg, 10, 11, 13, 14b, 15, 

18, 20, 22a, 25, 30, 32, 33, 34, 36) 

(M.S.Hakim (University of Aleppo), A.Yahyaoui, I.Maaz, 

M.Naimi) 

6.3.2. Pathotype identification and virulence analysis of 

wheat stripe rust 

From the field survey a total of 200 diseased leaf samples 

were collected and brought to the laboratory for pathotype 

identification. Pathotype identification started mid-May 

1998 under controlled conditions in the growth chambe. 

Urediospores of single pustule from 2 0  leaf samples were 

multiplied on the seedlings of the susceptible bread wheat 

cv. Morocco. Spores from pustules appearing 10 to 14 days 

after inoculation were collected every 2 days and 

multiplied on cv. Morocco separately. Seedlings of the 

differential set as proposed by Johnson et a1 (1972) and 

additional supplementary cultivars were inoculated by the 

isolates obtained. Reaction type was assessed on 0-9 scale 

(Mc Neal et dl., 1971), 1 7  days after inoculation. 



Table 6.4. Severity of infection and reaction type of wheat leaf rust 
differsntials in different location. in Syria. 

T .Hadva (pH) El -Ghab Jillin 
Name 
Thatcher, Lr22b 
TC+6/Centenatrio (RL6003), Lrl 
TC'G/Webster (RL6016). Lr2a 
TC*G/Carina (RL6019), LrZb 
TC*G/Loros (RL6047). Lr2c 
TC*G/Democrat (RL60021, Lr3 
TC*G/Aniversario (RL6007), 
Lr3Ka 
Bage/8'TC (RL6042), Lr3Bg 
Transfer/6*TC (RL6010), Lr9 
TC*6/Exchange (RL60041, LrlO 
Kussar (~9761, Lr11 
Exchange/6*TC (RL60111, Lr12 
Manituou, Lr13 
Selkrik/6*TC (RL6013), Lr14a 
TC*6/Maria Escobar (RL6006), 
Lrl4b 
TCh6/Kenta1483 (RL6052). Lr15 
TCe6/Exchange (RL6005), Lr16 
Klein Lucero/6*TC (RL6008)Lr17 
TC*7/Africa 43 (RL60091, Lr18 
TCe7/Tr (RL6040), Lr19 
Thew (W203). Lr2O 
TC*6/RL5406(RL6043), Lr2l 
TC*6/RL5404 (RL6044), Lr22a 
Lee 310/6*TC (RL60121, Lr23 
TC'G/Agent (RL6064). Lr24 
Transec (Awned), Lr25 
TC'6/ST-1-25 (RL60781, Lr26 
Gatcher (W32011, Lr27+Lr31 
CS2D-2M, Lr28 
TC*G/CS7AG#ll IRL6080). Lr29 
TC*6/Terenzio (RL6049). Lr30 
TCLR32 (RL 54971, Lr32 
TC*6/PI58548 (RL6057). Lr33 
TC*6/PI58548 (RL6058), Lr34 
RL5711, Lr35 
E84018, Lr36 
WL711, Lr13 



From the diseased leaf samples collected in May 1998 the 

following observations were recorded: 

virulence to Yr ( 6, 7, SD, 7+, 8, 2+, A+, 9), were 

identified at Tel-Hadya, 

virulence to Yr ( 6, 7, 9+, 6+, 7+, 2+, A+, 9), 

identified at Izzer and 

virulence to Yr ( 6, 7, 10, 6+, 7+, 8, 2+, 9, and 2, 

A+ ) ,  identified at Himo and Al-Ghab. 

(M. S. Hakim (university of Aleppo) , A.Yahyaoui, I .Maaz, 

M. Naimi) 

6.3.3. Pathotype identification and virulence analysis of 

wheat leaf rust: 

Leaf rust Seedling test was started in 1997 using 25 

selected differential genotypes, then in 1998 we increased 

the number of differential genotypes to 37 entries to allow 

better differentiation between isolates. The inoculum used 

was collected from Tel Hedya the previous year. The 

virulence analysis (Table 6.5) showed that the inoculum 

obtained from bread wheat could overcome the following 

known "Lr" resistant genes. 

(2b, 2c, 3, 3Ka, 3Bg, 10, 11, 12, 13, 14b, 16, 17, 

18, 20, 21, 22a, 23, 30, 32, 33, 34, 35, 36) 

The inoculum obtained from durum wheat can overcome the 

following known "Lr" resistant genes. 

2b, 2c, 3, 3 K a ,  3Bg, 9, 10, 11, 12, 13, 14a, 14b, 

15, 17, 18, 19, 21, 22a, 23, 24, 32, 33, 34, 35, 36 

The " Lr" resistant genes: 1, 2a, 9, 15, 19, 24, 25, 26, 

28, 29 were shown to be highly effective under artificial 

inoculation at Tel -Hadya (Table 6.5) . These genes can be 
considered as a source of resistance. Table 6.5 shows the 

reaction types of the differential genotypes following 

inoculation with leaf rust spores originating from bread 



Table 6.5. Reaction of Diffarantial ganotypas at seedling test of wheat leaf rust, 
Puccinia recondita, at Tel-Iladya 1997,1998 

source of Inoculum in 1997 1990 

NO Name Bread wh. Durum wh Bread Wh Durum Wh 

1 Thatcher. Lr22b 4 4 
2 TC'S/Centenatrio (RL60031, Lrl 0 0 1 1 

TCe6/Webster (RL601.5). Lr2a 
TCe6/Carina IRL6019). Lr2b 
TC'6/Loros (RL6047). Lr2c 
TC*6/Democrat (RL6002). Lr3 
TC*6/Aniversario lRL6007). Lr3Ka 
Bage/8*TC (RL6042). Lr3Bg 
Transfer16.TC (RL60101, Lr9 
TC'GIExchange (RL6004). LrlO 
Kussar (~976). Lrll 
Exchange/6*TC (RL60111. Lrl2 
Manituou, Lr13 
Selkrik/6*~~ (RL6013). ~r14a 
TC-6/Maria Escobar (RL6006), 
Lrl4b 

Klein ~uceroj6'~~ (RL6008)Lr17 
TC.7IAfrica 43 (RL6009). Lr18 
TC*7/Tr (RL6040). Lr19 
Thew (W203) . Lr2O 
TC'61RL5406 (RL6043) . Lr21 

24 TC*6/RL5404 (RL6044). Lr22a 3 
25 Lee 310/6'TC (RL6012). Lr23 0 
26 TC'6lAgent lRL6064). Lr240 
27 Transec IAmed). Lr25 1 
28 TC*6/ST-1-25 (RL6078). Lr26 
29 Gatcher (W3201). Lr27iLr31 1 



wheat and from durum wheat. Reaction types 0 & 1 are 

considered resistant, reaction type 2 intermediate, and 

reaction types 3 & 4 are susceptible. 

6.4. Development of Germplasm Pools 

Germplasm pools have been developed through the screening 

of breeding material under artificial inoculation at Tel 

Hedya, and field evaluation at different sites within the 

WANA region. Selected lines for a single disease are 

designated for use in crossing programs or to be introduced 

in the area were the disease is the most prevalent. 

Germplasm pools referred to as advanced germplasm for 

disease resistance has a set of lines that confer 

resistance to multiple diseases. For artificial inoculation 

only Syrian isolates were used for screening under field 

conditions. The relative virulence of these isolates is, 

for some diseases, similar to the common virulence types in 

WANA. Evaluation for disease resistance, under artificial 

inoculation, to stripe rust, septoria, scald, barley strip, 

common bunt, loose and covered smut is conducted under 

field conditions. Screening for wheat leaf rust, stem rust, 

and barley powdery mildew is conducted in plastic houses. 

6.4.1. Barley Germplasm Pools 

In 1998 four germplasm pools were assembled and compared to 

the most promising lines from ICARDA and DOUMA in the FFVT 

(Farmer Field Verification trial) nursery. The germplasm 

pools are as follows: 



ADGB- Advanced Disease Germplasm-Barley, contains 

55 entries of high yielding barley lines and 

includes most cultivated varieties as checks 

PDG-Preliminary Disease Germplasm -Barley 

contains 2 5 5  lines of promising barley families 

(fixed lines) and includes most cultivated 

varieties as checks 

SBPMG- Spring Barley Powdery Mildew RESISTANT 

Germplasm contains 18 entries including three 

checks 

SBSCG- Spring Barley Scald RESISTANT Germplasm 

contains 18 entries including three checks 

SBCSG-Spring Barley Covered Smut RESISTANT 

Germplasm contains 2 5  entries and includes one 

check variety 

The selected germplasm pools were screened for other 

diseases and highly susceptible lines were eliminated. 

Figure 6.1 shows the performance of the four-germplasm 

pools and the FFVT for resistance to powdery mildew, scald, 

covered smut, and combination of powdery mildew-scald 

resistance. 

S B P M G  L S B C S G  A D G B  F F V T 

g e r m p l a s m  P o o l  

Figure 6.1 Frequency Distribution of Resistance to Four 
Barley Diseases in Gerplasm Pools and Farmer Verification 
Trial 



Barley lines in the SBPMGP in addition to their 

resistance to powdery mildew also showed good resistance to 

scald and about 50% of the entries showed resistance to 

both diseases. Table 6.6 shows the list of lines that 

combined resistance to powdery mildew and to scald. Most of 

these lines have a maturity range (134-145 days) that 

matches that of commonly cultivated varieties in KANA 

(Rihane=140) . 
The 18 entries in SBSCG were all resistant to scald 

and to powdery mildew, 30% of the lines have the same 

maturity as Rihane. Table 6.6 shows the pedigree of these 

lines. 

Resistance to covered smut is highly desirable in the 

WANA region. In the SBCSGP germplasm pool, 22 out of the 25 

lines showed complete resistance to covered smut. About 48% 

of these lines also showed combined resistance to covered 

smut and scald (Table 6.7). Among ICARDA barley germplasm, 

the six row types have an adequate level of resistance to 

covered smut. 

Advanced barley lines selected by breeders for yield 

performance were tested for disease resistance over two to 

three years and at different sites. Figure 6.1 shows the 

frequency distribution of resistant lines in the AJ3GB 

tested against powdery mildew, scald, and covered smut in 

1997-98 crop season. The relative resistance level of the 

lines in this nursery is better than that of the promising 

lines in the FFVT for the diseases tested under field 

conditions at Tel Hedya, Lattakia, and Terbol. Over 60% of 

the lines were resistant to scald, 54.5 % showed resistance 

to covered smut and about 42% showed resistance to both 

scald and powdery mildew (Table 6.8) . Promising barley 

lines that are being tested for yield performance are 

simultaneously studied for resistance to the prevalent 

diseases in W m A  region. 



Table 6.6. List of Barley Lines that Combine Resistance to Powdery 
mildew & scale in SBPMG & SBSCG-Powdery mildew & Scale Germplasm Pools 
Nursery ENT Name Pedigree 

7 Austria ICB121478 

8 CI 07117-9/Deir Alla 106//Badla/3/Arar ICB82-0114-GAP-OAT 

SBPM 9 Carbo 

16 M64- ICB84-0156-OAP 
76/Bon//Jo/York/3/M5/Galt//As46/4/Hj34- 
80/Ast1ix/5/NK1272 

18 Turkey 

1 

2 

3 

4 

5 

6 

7 

0 

SBSC 9 

GP98 10 

11 

12 

13 

14 

15 

16 

17 

Ager 

Begona 

CI 07117-9/Deir Alla 106//Badia/3/Arar ICB82-0114-GAP-OAP 

Carbo 

Eldorado 

Hamal-02/S/Cq/h//Apm/3/12410/4/Giza ICB83-0157-10AP-OTR-OAP-7AP- 
134-2L 1APH-OAP 

Lignee 527/Sawsan//Bc/3/Arar I C B 8 9 - O ~ ~ ~ - ~ ~ ~ A P - I A P - ~ T R - O A P  

M64- ICBBB-1391-15AP-OAP-LAP-OTR- 
76/Bon//Jo/York/3/M5/Galt//AS16/4/Hj34- OAP 
8O/Aetrix/s/M6/Robur-35- 
Tipper 



Table 6 . 7 .  L i s t  of Redstant B a r l e y  Lines t o  Covsrad smut G Soale In the SBCSO- 
Germplasm Pool 
Nursery E m  Name Pedigree 

3 ArarILignee 527 ICB85-0625-6AP-6AP-2AP-2AP-lAPH-OTR-OAP-3AP- 
OTR-OAP 

5 Arizona 59oa/Aths//Lignee 640/4/lirirana r c s 8 9 - o a r l - r m ~ - l n ~ - o ~ ~ - o ~ ~  
5908/Aths//As~e/3/F208-74 

7 A~16/Ath~'I//W12197IArabbbbhh ICBBB-0293-1AP-0TR-4XP-OAP-11AP-OTR-OAP 

. .  , . 
Chaaran-Ol/3/~rirona ICB89-0199-4AP-lAP-2AP-OTR-OI\P 
5908lAths/lBge/4/Agee/IA~i/CM67/3/C11/WI22 
69//ore 
Cr.llS/Pro//Bc/3/ApilM67/4/Gira ICB85-1058-3AP-3AP-OTR-3AP-OTR-OAP-OAP~lAP- 
12olSlsatter 21Numar OTR-OAP 
Oeir Alla ICB83-0211-OAP-3AP-0TR-OAP 
lo6/cel/s/cr.llalPro//Bc/3/Api/CM67/3/Giia 
120 
"64 - ICBB8-1391-ISAD-PAP-lAP-OTR-OAP 
76/Ben//JolYork/3/Ms/G01t//A~146/I/Hj31- 
BO/Astrix/s/~6/~obur-35-6-3 
UC566/5/~64- ICBB3-18lB-2IP-1RP-SAP-7AP-1AP-OTR-OAP-2AP- 
76/Bon//JolYork/3/M5/0a1t//A~46/4/Hj34- OTR-OAP 
so/Astrix 
UC566/5/M64- ICBB3-18i8-2AD-lirP-SAPp7AP-4AP-OTR-OAP-4AP- 
76/Bon//Jo/Yoik/3/M5/Oalt//As46/4IHj34- OTR-OAP 
BO/Astrix 
UC566/5/M64- ICB83-1818-2AP-1RP-SAP-7AP-IAP-OTR-OAP-5AP- 
76/Bon//JoIYo:k/3/Ws/OaltllAs46/4IHj34- OTR-OAP 
8OlAstrix 



Table 6.8. Liat of Barley bin-. Re#istance to Powdery Mildsw.Covsrad Smutsand Scald In 

ADGB t PDG-Advanced and Prslininary Bar1.y Garmp1a.n Pools. 

Nursery  EN: Name Pedlgree 



The nursery (PDG) will be tested over years and 

against different diseases at different sites. Selected 

lines for disease resistance will be added to the germplasm 

pool for exploitation as source of resistance by NARS 

breeding programs in WANA. Results of 1997-98 screening 

show that 60% of the lines have good resistance to scald, 

57 % were resistant to covered smut and 39% to powdery 

mildew (Fig.6.2). Lower frequency of resistant lines (18- 

25%) to combined diseases was also registered. Table 6.9 

shows a list of lines that have high resistance to powdery 

mildew, scald, and covered smut. Crosses with the variety 

Rihane (Table 6.8) showed good resistance to three diseases 

and would have good adaptation in WANA region. 

Figure 6.2 Frequency Distribution of Resistant Line to 
Scald (SC) , Powdery mildew (PM) , andcoverd smut (CS) , and 
combinations in Preliminary Germplasm Pool (PDG). 



Table 6.9. Resistance to scale & cover Smut & Powdery 
Mildew. 

Nursery ENT Pedigree 

13 Tunisia 
28 ~ldorado/Anoidium 

ICB94-0154-OAP 
29 ~anitou/Courlis 

ICB94-0193-OAP 
31 Courlis//As46/Aths 

ICB94-0201-OAP 
PDG99 46 TUNISIA 

96 Rihane-03/3/5604/1025//Arabi Abiad 
ICB89-0145-SAP-1AP-1AP-OTR-OAP-4AP-OAP 

101 ~ihane-03/3/5604/1025//Arabi Abiad 
ICB89-0145-5AP-1AP-1AP-OTR-OAP-3AP-OAP 

104 ~ihane-03/3/5604/1025//Arabi Abiad 
ICB89-0145-SAP-lAP-1AP-OTR-OAP-5AP-OAP 

118 MD ATL/CM5S-3~-B/~/MD ATL/CM-B-4-2-1-B- 
~/5/Cer/Por//~b/3/~ro/4/~L75 
ICB85-0587-2AP-5AP-OTR-ZAP-OTR-OAP-1APH- 
OAP- 12AP- OAP 

189 ~pi/CM67//Mona/3/~1//Asse/CM65-lW- 
~/4/Assala-02 
ICBB5-0225-2AP-3AP-OTR-1AP-OTR-OAP 

194 AV 92-42-52 
Belts. 600807/Henry//Sussex/3/2*~arsoy 

198 Tipper/ICB-102854 
ICB90-0032-OAP-5AP-OAP-2AP-OAP 

205 ~ihane/lignee 640//ICB-107766 
ICBH88-0088-OAP-12AP-1AP-OAP 

213 Lignee 131//4341 N/Ortolan 
ICBHA81-2207-1AP-3AP-OAP 

216 Rapidan 
218 Cyclone 
219 Taman 



6.4.2. Wheat Germplasm pools 

In 1997-98 four-wheat germplasm pools were made after 

testing for disease resistance for three consecutive years. 

They have been dispatched to NARS collaborators for use in 

1998-99 crop season. The wheat germplasm pools are as 

follows : 

WYRGP98- Wheat Yellow Rust Germplasm Pool (Table 6.10) 

WLRGP98-Wheat Leaf Rust Germplasm Pool (Table 6.11) 

WSRGP98-Wheat Stem Rust Germplasm Pool (Table 6.12) 

WSTGP98-Wheat Septoria Germplasm Pool (Table 6.13) 

The genotypes of these four germplasm pools are listed in 

tables 6.10-6.13, the evaluation for each specific disease 

is shown for three years (1996-1998). Appropriate rating 

scales are used for each disease. The information for other 

diseases is shown as coefficient of infection (CI) for the 

rusts, in percent for common bunt , and scale 0-9 for 

septoria. 

The coefficient of infection is determined by 

attributing a numeric value to the reaction type (i.e. R, 

MR, MS, and S) then multiplying it by the % of infection 

(severity). A CI c 5 means that the variety is resistant to 

rust. All the genotypes were susceptible to common bunt 

(Tables 6.10-6.13), and some showed lower resistance to 

septoria (values >5) as shown in tables (6.10, 6.11) . 
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6.5. Nematodes 

The seed-gall nematodes are seed-borne pest. Seed-galls 

fall during harvest on the soil or get mixed with healthy 

seed. Seed galls in the soil or sown with healthy seed 

release thousands of larvae in soil. With adequate soil 

moisture, larvae move towards the plant apex and penetrate 

flower primordia. Nematodes mature, copulate and produce 

large number of eggs, developing to Juveniles. Dark 

nematode galls replace the kernels. The dissemination of 

nematodes can be by infected seed, from fine straw that 

harbor nematodes, and from infected soils particularly 

those under continuous cereal cultivation 

Preliminary studies conducted in 1995 over viewed the 

problem of "Abu Ulaiwi" and the presence of the seed-gall 

nematodes on barley in North-Eastern Syria (Bellar, 1995). 

However, in-depth characterization of "Abu Ulaiwi" on 

barley, quantification of the incidence and severity, and 

the relation to the seed-gall nematodes were needed. 

A comparative study of the seed-gall nematodes 

affecting wheat and barley in Syria and their impact on 

cereal production was realized. The preliminary results of 

this study are discussed thereafter. 

6.5.1. Distribution of barley and wheat seed-gall nematodes 

Anguina spp. in farmers fields of wheat and barley in 

Northern Syria. 

6.5.1.1. Field survey of "A. Ulaiwi" and barley seed-gall 

nematode in Northern Syria. 

Studies on head sterility "A. ~laiwi" during harvest 1996, 

1997, 1998 included 1 2 0 ,  72  and 57 samples representing 30 ,  

24, and 18 barley fields respectively in Al-Bab, Qabbasin, 

Djerablous, and Membij areas. The samples were grouped into 



three categories (tall, normal, and short plants). Number 

and percentage of healthy spikes, totally infected spikes 

and those of partially infected spikes were determined. 

Sub-samples were taken at random to count healthy seed, 

sterile spikelets, and nematode galls. Table 6.14 shows the 

incidence of head sterility and grain losses. The incidence 

( % )  varied from year to year and the highest incidence was 

observed in 1998. 

Table 6.14. Incidence of head sterility and % of grain loss 

No. of No. of % Infection 
surveyed infected (%Head 

Year fields Fields sterility) % Grain Losses 

1996 3 0 2 9 23.5% (9.6-57) 11.4% (2.4-43) 

The results showed that the head sterility is not 

correlated with plant height. Head sterility was found in 

short, normal and tall plants in the following percentages 

21.7%, 23.3% and 31% respectively in 1995-96 season. 

Furthermore the results showed a correlation between head 

sterility and presence of nematodes. Nematodes were found 

in 93% of infected spikes. These results were confirmed in 

the 1996-97 and 1997-98 seasons. 

The survey results showed that the spread of barley 

seed gall nematode in the region of Al-Bab, Qabbasin, 

Djerablous, and Membij surveyed in 1995-96, 1996-97 and 

1997-98 crop seasons was not affected by two years of crop 

rotations. Barley seed gall nematode was found in 90% of 

the fields surveyed. The biannual rotations practiced in 

these areas are as follows: 1) Barley after barley, 2) 

Barley after legumes, 3) Barley after wheat and 4) Barley 

after fallow. 



The surveyed wheat fields after barley (1996-97 and 

1997-98 seasons) were free from infection with barley seed 

gall nematode (BSGN) in spite of these field were infested 

with barley seed gall nematode in 1996-97 and 1997-98 

seasons. The low infection ratio (~2%) with (BSGN) was 

observed in 4-year rotation system in one field in El- 

Eiobiia, 30 Km. north of El-Bab. 

The sources of infection of barley seed gall nematode 

in barley fields surveyed are due to one or more of the 

following: 

infected seeds (most farmers use local seed) 

Hard straw- standing stubble & straw 

Very fine straw spread during harvest. 

In an estimated 30% infection, the nematode were detected 

as follows: 

32% in infected seeds 

28 % in hard straw 

40% in fine straw 

6.5.1.2. Field survey of wheat seed-gall nematode (WSGN) 

Anguina t r i t i c i  in the major wheat growing areas (farmer's 

fields) of wheat in Northern of Syria. 

Field survey of WSGN during harvest 1997, 1998 included 140 

and 110 samples representing durum and bread wheat from 

farmer's field in Aleppo and Raqqa areas respectively. The 

samples were evaluated and the number and percentage of 

healthy and infected seeds were determined. 

The survey results showed that the infection in the 

fields under crop rotation were very low (4%). Continuous 

of wheat increased the number of infected fields (60%). 

Actual grain loss in infested fields ranged from 0.2-17% 

with an average of 4%. 



The infection with wheat seed gall nematode in wheat 

fields was due to infected fields following mono - culture 

practices and the use of healthy seed mixed with the 

infected seed with WSGN. 

6 - 5 . 2 .  Pathogenicity test and Host range of the wheat and 

barley seed-gall nematodes Anguina spp. 

Pathogenicity test and host range determination were 

initiated in 1996-97 in pots and under field condition on 

wheat and barley. Cereal crops being tested include bread 

and durum wheat, wheat wild relatives/progenitors (Aegilops 

and Tri ticurn spp. ) , Triticale, two and six-rows cultivated 
barley, as well as wild barley (Hordeurn spontaneum). 

Following artificial inoculation the preliminary results 

show that BSGN can infect Hordeurn vulyare and H. Spontaneum 

these two species are considered as good host plants. WSGN 

can infect Triticurn aestivum, T. dururn, Triticale , and 

these species are good plant host. T. beoticurn, T. 

dicocoides and Aegilops were not considered as good plant 

hosts. 

6.5.3. Reaction of wheat and barley cultivars to seed-gall 

nematodes. 

Experiments were undertaken during 1995-96, 1996-98 1997-98 

and growing seasons in pots and under field conditions to 

investigate the reaction of barley and wheat cultivars to 

the seed-gall nematode. Inoculation was done directly after 

sowing with barley seed-gall nematode for barley cultivars 

and wheat seed-gall nematode for the wheat cultivars. 

Infection incidence varied significantly between tested 

barley, durum and bread wheat cultivars (1995-96 and 1996- 



97). The results of 1997-98 growing season are under 

studies. 

Results also showed that the reproduction ratio of 

barley seed-gall nematode is 0.1-3.9 and that of wheat 

seed-gall nematode 0.6-20. The results of 1997-98 season 

are under studies. 

The screening test for resistance to barley seed-gall 

nematode were undertaken during 1997-98 growing seasons in 

pots and under field conditions to investigate the reaction 

of barley germplasm to seed-gall nematode. Infection 

incidence varied significantly between tested material 

(0.0-84%). 5 lines were free from infection and were 

considered as highly resistant(HR), 10 lines were resistant 

(R), 8 lines shoed intermediate reaction type (MR), 33 

lines were moderately susceptible (MS), and 34 lines were 

susceptible (S) to the nematode from Al-Bab population. 

These preliminary results show that it is possible to 

screen for resistance. The screening experiments will be 

run during the coming seasons. 

(H. Zainab (University of Aleppo) , Y. Swedan 

(DSAR),S.Ceccarelli, A.Yahyaoui, H.Toubia-RahmeZ.Alamar) 

6.5.4. Screening for resistance to Heterodera latipons 

A screening nursery of 90 barley entries was screened in 

1998 for resistance to cereal cyst nematode (CCN) 

Heterodera la tipons (~oueidar population) . The test was 

carried out in pot experiment. Five seeds were sown in 

pots. Inoculation was done directly after sowing with 20 

eggs and ~uveniles/g soil of CCN. The barley variety Arta 

was used as a check. Plants were uprooted 70 days after 

emergence. The number of Juveniles and stages were 

estimated by fixation and staining the root tissue. The 



final population in root was estimated using a rating scale 

0-5 as describedin Table 6.15. 

Table 6.15. Evaluation scale for Heterodera latipons 

Scale Reaction Type Number of cyst /plant 

1 HR Highly resistant 0- 2 Cyst/plant: 
2 R Resistant 3-10 Cyst/plant 

3 MR Moderately resistant 11-20 Cyst/plafit 
4 MS Moderately susceptible 21-50 Cyst/plant 

Susceptible 
5 S More than 50 Cyst/planC 

The infection level of the tested barley genotypes varied 

from 7-226 fernale/plant. ~esults are summarized in the 

following table 6.16. 

Table 6.16. Reaction of Barley lines to CCN infection 

NO. of tested 
entries HR (1) R (2 )  MR ( 3 )  MS ( 4 )  S ( 5 )  

These preliminary results show that the screening for 

resistant is a valid approach to develop resistantjtolerant 

cultivars as a control for nematodes. Detailed studies are 

being conducted to further characterize the pathogenic 

nematodes and develop appropriate control measures 

(U.Scholz (University of Bonn), S.Ceccarelli, H.Toubia- 

Rahme, Z . Alamdar) 



6.6. Integrated disease management (IDM) 

6.6.1 Effect of varietal mixture on scald development 

Cultivar mixture could be used as a control in an 

integrated disease management approach. Resistance to scald 

often breaks down and yield losses could be relatively 

high. High yielding varieties often lose their yield 

potential under high disease infection. Many researchers 

have advocated the effectiveness of varietal mixture and in 

some cases could be the most effective way to maintain 

adequate yield under disease infection. Three varieties 

that have a differential reaction to scald were studied for 

grain yield and straw production under artificial 

inoculation with scald and protected experiments. The 

treatments in the experiment are as follows: 

> Resistant variety V1 Salmas/A.Aswad 

9 Tolerant variety V2 Salmas 

9 Susceptible variety V3 WI2291 

9 Mixtures & Ratios 

4 : : l  = 1 V 1  (R) : 1V2(M) :1V3(S) 

V5 (1:1:2) = 1 V1 (R) : 1 V2(M) :2 V3(S) 

V6 (1:2:1) = lVl(R) : 2 V ~ ( M )  : 1 ~ 3 ( ~ )  

V7 (1:1:2) = lVl(R) : 1V2(M) :2V3(S) 

> Treatment: 
Inoculated (IN01 : artificial inoculation with 

scald under field conditions 

Protected (TRE) : protected with fungicide 

against scald 

Figure 6.3 shows the grain yield of the three varieties 

(V1, V2, V3) and their mixtures (V4, V5, V6, V7) following 

artificial inoculation with scald. Yield differences were 

observed for V2 and V3 for the two scald treatments (i.e. 

inoculated Vs protected). The susceptible variety (V3) 



showed higher yield when protected against the scald 

disease. A yield loss of 930 kg was registered under 

disease infection (figure 6.3) . The susceptible variety 

contributed to the obtainment of higher yield in the 

mixture V5 (Table 6.17) . The fungicide treatment (TRE- 

protected) and the artificial inoculation did not have a 

significant impact on the grain yield of the four mixtures 

(V4,V5,v6,and V7). 

la IN0 

€3 TRE 

Figure 6.3. Straw Production (t/ha) of three Cultivars and 
Mixutres Under Two Scald Treatments 

The effect of scald disease on straw production was 

apparent with the tolerant variety (V2) and the mixture 

where V2 has higher proportion (Figure 6.4) . The 

susceptible variety has the lowest straw yield when 

inoculated but a similar yield to that of the resistant 

variety (Vl) when protected against scald. The straw yield 



of the mixtures was higher than that of the individual 

varieties (Table 6.17) . 

F i g u r e  6 . 4 .  R e a c t i o n  of 3 0 0  B a r l e y  Lines t o  S c a l d  (FBON 
&WBON) to S c a l d  a t  T e l  Hedya 1998 

Varietal mixture resulted in higher straw yield and 

maintained higher yield of the susceptible variety that was 

and much different from that obtained following fungicide 

treatment. The gain in grain yield varied from 0.7 % (Vl) 

to 26.2% (V2), that of straw yield Varied from 3.1% (Vl) up 

to 46.3%(V6). Grain yield and straw yields also varied 

according to the mixture ratios of the tested varieties. 
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6 . 6 . 2 .  Effect of fertilizer application on the severity of 

powdery mildew on barley in long-term rotation trial 

The severity of powdery mildew (~rysiphe graminis f. sp. 

hordei) of barley was high, in 1997-98 growing season, due 

to the lack of rain during the month of February and the 

beginning of March. The severity of the disease was 

assessed in the barley-forage legume rotation trial at Tel 

Hadya, using the Horsfall and Barratt (HB) scale, to see if 

fertilization had an effect on the severity of powdery 

mildew. Only one rating was done on whole plot basis and 

further recordings could not be made due to unfavorable 

weather condition that stopped further disease development. 

The disease severity data were analyzed using analysis of 

variance on the 2 2  treatment combinations indicated in 

table 6.18. 

Table 6.18. Fertilizer combinations applied in the barley- 
forage legume rotation in the long term rotation trial, Tel 
Hedya 

NP 

Previous crop 0:O 0:60 40:60 80:60 
La thyrus sa tivus + + + + 
Vicia sativa + + + + 
(Grazed) 
Vicia sativa (Hay) + + + + 
Vicia narbonensis + + + + 
Barley-Barley + + 
Barley-Barley + + 
+ Treatment combination in the long-term barley-forage 
legume rotation 

The preliminary results showed that significant differences 

(pc0.05) were observed among treatments. Plots without 

fertilizer showed the highest powdery mildew infection 

followed by plots receiving only by phosphorus 

fertilization (Fig.6.5) . The application of 80 :60 kg NP/ha 
showed the lowest powdery mildew severity. Proper 



application of NP fertilization is recommended to reduce 

powdery mildew infection. The result showed that proper 

fertilization could be used in the overall integrated 

management of powdery mildew in barley. 

Figure 6.5. Effect of fertilizer application on the 

severity of powdery mildew of barley, Tel Hadya 1997/98. 

NP= Nitrogen and phosphorus; Vertical bars are the standard 
errors of means. Bl+L= Rihane + legumes; B2+L= Salamas + 
legumes; B3+3= Tokak + legumes; B4+L= Arabia Aswad + 
legumes; B1= ~ihane; B2= Salamas ; B3= Tokak; B4= Arabia 
Aswad. Vertical bars are standard error of means. 

6.6.3. Effect of forage legume mixtures on the severity of 

barley powdery mildew 

The 1997/98 season was partly favorable for natural 

epidemics of powdery mildew on barley at Tel Hadya. As a 

result, the effect of barley-legume mixtures on powdery 

mildew severity on barley was evaluated. Four barley 

cultivars (cvs . Rihane, Salmas, Tokak and Arabia Aswad) 



were mixed individually with different forage legumes for 

biological yield by the Forage Improvement Project. The 

experiment was replicated three times in randomized block 

design. Powdery mildew severity was assessed in March 1998 

from plots of barley-legume mixtures and barley pure 

stands. Further assessments were not done due to weather 

changes that did not favor powdery mildew development. The 

growth stage of the barley was booting at the time of 

disease assessment. Percent disease severity was analyzed 

after transforming (arcsine) the data. 

Significant differences (p<0.05) were observed among 

treatments affecting disease severity. In general, higher 

disease severity was observed in barley pure stands than in 

barley-legume mixtures (Fig.6.6). Among the individual 

forage legume species mixed with the susceptible cv. Tokak, 

severity was lowest when mixed with Vicia dasycarpa 

(Fig.6.6). This preliminary result showed that, farmers not 

only benefit from high biological yield with barley-forage 

legume mixtures, but also reduce the impact of powdery 

mildew in areas where susceptible barley cultivars are 

grown. Similar evaluations will be done in the 1998/99 

cropping season on similar trials. Moreover, it will be 

interesting to study how barley mixed with forage legume 

could affect foliar diseases of the latter. 



0 3 + V r  B 3 + V p  0 3 + V d  8 3 + L o  0 3  p u r e  

M i x t u r e  

Figure 6.6. Effect of Forage-Legume Mixture with 
Susceptible Barley Cultivar on the Severity of Powdery 
mildew. 
B3+Vs= Tokak + Vicia sativa; B3+Vp= Tokak + V. palaestinia; 
B3+Vd= V. dasycarpa; B3+Lo= Tokak + Lathyrus ochrus; B3= 
Tokak pure stand. Vertical bars are the standard errors of 
means. 

6.6.4. Root rots in Wheat-based two-course rotation 

This trial was established in the1985/86 cropping season at 

Tel Hadya. The main treatments were: (a) seven cropping 

sequences (wheat-wheat, wheat-chickpea; wheat-fallow; 

wheat-medic; wheat-summer crop (water melon); wheat-lentil; 

and wheat-vetch); (b) four levels of nitrogen (0, 30, 60, 

and 90 kg N/ha) applied to subplot at planting and 

tillering stage in wheat phase. The trial was in split plot 

design where rotation was main plots and fertilizer levels 

as sub plots in three replications. Disease data were 

collected from two replications. Each rotation treatment 

comprised of two phases: one carrying wheat and the other 

legumes and summer crop (SC) in any given year. Root 



samples were collected from each plot with their sub-crown 

internodes and percent root rot severity and incidence were 

evaluated. Disease severity was calculated following the 

formula described earlier. Analysis of variance was made on 

both disease parameters. 

NO significant differences (p<0.05) were observed 

among treatments or their interactions in affecting both 

disease parameters. The mean percent root rots incidence 

ranged from 46% in wheat-watermelon rotated plots to 78% in 

fallow rotated plots (Table 6.19). The mean percent disease 

severity ranged from 10% in plots rotated with watermelon 

to 17% in plots rotated with fallow (Table 6.201. On the 

other hand, there were not much differences among nitrogen 

levels in affecting mean percent disease incidence and 

severity. 

Table 6.19. Effect of crop rotation and nitrogen 
fertilization on mean percent wheat root rots incidence, 
Tel ~edya, 1997/98 

Nitrogen level 
Previous 
crop 0:O 0:30 0:60 0: 90 Mean 
Wheat 6 2 3 8 4 0 52 4 8 
Chickpea 71 5 0 56 4 8 5 6 
Fallow 9 1 8 0 7 4 68 7 8 
Medic 3 9 3 9 6 4 7 0 53 
Water melon 55 4 8 3 2 5 0 4 6 
Lentil 3 8 6 8 6 0 55 5 5 
Vetch 54 66 62 4 9 5 8 
Mean 5 9 56 55 5 6 
SE irotation)3.74 ; fertilizer=1.78; rotation X 
fertilizer = 5.53 
LSD(0.05) rotation = 9.1; fertilizer = 3.7; rotation X 
fertilizer = 11.6 



Table 6.20. Effect of crop rotation and nitrogen 
fertilization on mean percent wheat root rots severity, Tel 
Hadva. 1 9 9 7 l 9 a  

- -- 

Nitrogen level 
previous 
crop 0:0 0:30 0:60 0:90 Mean 
Wheat 12 8 12 11 11 
chickpea 15 10 13 9 12 
Fallow 19 17 15 16 17 
Medic 8 8 15 13 11 
Water 12 9 7 10 9 
melon 
Lentil 8 14 12 11 11 - - 

Vetch 10 13 12 11 11 
Mean 12 11.3 12.3 11.6 
SE (rotation) = 3.07; fertilizer=l. 07: rotation X 
fertilizer = 3.94 
LSD(0.05) rotation = 7.5; fertilizer = 2.3; rotation X 
fertilizer = 8.4 



7. VIROLOGY 

Evaluation of interspecific hybrids for their resistance to 

barley yellow dwarf virus (BYDV) was continued during 1996. 

In addition, a survey for cereal viruses in Yemen was 

conducted in collaboration with colleagues in National 

Programs of Nile valley and Red Sea countries. Results of 

this survey is included in the Legume section as part of a 

survey on legume and cereal viruses in Yemen (6.3). 

7.1. Evaluation of Wheat Wild Relatives 

A total of 88 accessions of wheat wild relatives were 

evaluated for their reaction to BYDV. Because symptoms 

expression was mild, selection of resistant accessions was 

based on intensity of plant invasion with the virus as 

elucidated by the tissue-blot immunoassay. Twenty-five 

accessions (Table 7.1) were found as relatively resistant 

and these will be evaluated again during the next growing 

season. More information on the evaluation of 14 resistant 

accessions over a five years period are provided in 

(Table7.2) . 

(K. Makkouk, W. Ghoulam) 

7.2. Regeneration of Wheat x Thinopyrum Derived Lines from 

Imature Embryos 

Previous studies indicated that a number of wheat x 
Thinopyrum ponticum derived lines have a high level of BYDV 

resistance. However, cytological studies indicated that 

some of these lines have the 42 wheat chromosomes plus two 

telocentric chromosomes coming from the alien species. 



Table 7.1. Reaction of Aegilops and Triticum species to 
infection with BYDV, when plants were artificially inoculated 
with BYDV during the 1997/98 growing season. 

NO. of -. - -  

Total No. of Average and range accessions 
accessions of virus conc. selected as 

Species tested Index ' resistant 
Ae. Biuncialis 6 1.23 (1.06-1.42) 3 
Ae. Caudata 
Ae. Columnaris 
Ae. Crassa 
Ae. Cylindrica 
Ae. Geniculata 
de. Kotschii 
de . Longissima 
Ae. Neglecta 
Ae. Searsii 
Ae. Spel toides 
Ae.  Triuncialis 
Ae. Vavilovii 
Ae. Ventricosa 
T. monococcum 
T. turgidum 
T. urartu 6 1.36 (1.15-1.61) 2 

8 8 37 

virus concentration index was based on a 0-4 scale devived from 
the number of stained phloem bundles by TBIA test 

Table 7.2. Triticum and Aegilops accession resistant to B M V - P A V  showing 
low virus concentration index when plants tested (TBIA) during 
evaluation in the last five planting seasons. 

ICARDA Geoara- -. 
Accessi phical Virus conc. 1ndexa 

Germplasm on No. origin 1998 1997 1996 1995 1994 

T. turgidum 600958 Syria 1.56 0.82 1.00 1.2 
T. tursidum 631028 Svria 1.82 1.13 1.00 - 
T. turgidum 
Ae. Searsii 
Ae. Spel toides 
Ae. Biuncialis 
Ae. Coundata 
de. 
Triuncialis 
Ae . Ven tri cosa 
Ae. Cylindrica 
de. Neglecta 
Ae. Biuncialis 
Ae. Columnaris 

LBN 
Jordan 
Bulgaria 
Bulgaria 
Syria 
Turkey 

Turkey 
Bulgaria 
Bulgaria 
Bulgaria 
Svria 

Ae. Biuncialis 401792 Bulgaria 1.30 1.33 1.68 
virus concentration index was based on a 0-4 scale devived from the 

number of stained phloem bundles by TBIA test. 



Regeneration of mature plants from callus tissue 

obtained from culturing immature embryos of such lines 

increases the probability of translocating the genomic 

Segment conferring BYDV resistance from T. ponticum 

into the 42 wheat chromosomes. Accordingly, immature spikes 

from 10 BYDV-resistant wheat x T. ponticum lines were 

cultured to produce mature wheat plants. A total of 140 

mature plants were obtained (Table 7.3), which produced 

3 7 0 5  seeds. During the next growing season, these seeds 

will be planted, the emerging plants will be evaluated for 

BYDV-resistance, and seeds from the best performing plants 

will be sent at a later stage to Dr. Andre Comeau 

(Agriculture Canada, Sainte Foy, Quebec) for cytological 

study . 

Table 7.3. Frequency of plant regeneration from immature 
embryo-derived callus for a number of wheat x Thinopyrun 
ponticum derived lines. 

Wheat x No. of No. of 
Thinopyrun No. of regener- Plants Total No. of 
ponticum immature ated which seeds produced 
derived spikes qreen reached and - 
lines used plants maturity ranqe/plant 
OK- 1 17 8 8 6 492 (32-160) 
OK- 2 
OK-4 
OK- 7 
OK- 8 
OK- 9 
OK-10 
OK- 14 
OK-15 
OK-16 193 6 5 230 (9-98) 
Total 1164 184 140 3 7 0 5  



7.3. Testing for seed-borne Viruses 

7.3.1 Cleaning Germplasm in the Gene Bank from Seed-borne 

Infections 

One thousand four hundreds and eighty accessions of barley 

dry seeds were tested for the presence of barley stripe 

mosaic virus and 77 accessions were found to be infected 

with the virus. The virus-free accessions will be stored in 

the Gene Bank, and accessions with virus-infected seeds 

will be cleaned later. 

7.3.2. International Nurseries. 

About 1022 genotypes of barley and wheat were tested for 

barley stripe mosaic virus during November and 1011 

genotypes were found virus-free. In all above cases, only 

virus-free accessions were dispatched to collaborators. 

(K.M. Makkouk, N. Attar) 

7.4. Distribution of Elisa Kits 

ELISA kits or antisera for any of four cereal viruses 

available at the Virology Laboratory were sent to 

collaborators in Alegeria, Australia, China, Egypt, 

Ethiopia, Iraq, Jordan, Pakistan, Turkey and Yemen. 

(K .M. Makkouk, S . G. Kumari) 



8. ENTOMOLOGY 

8.1. Sunn pest 

Sunn pest (Eurygaster integriceps Puton) is one of the most 

damaging pests of wheat and barley in West Asia, where over 

US $42 million is spent annually for its control. Yield 

loss from its damage is commonly estimated at 20-30% in 

barley and 50.90% in wheat. Efforts are being put on 

developing an integrated pest management (IPM) package to 

replace the existing chemical control strategy. The IPM 

components that were studied in 1998 include parasitoids 

and entomopathogenic fungi. 

8.1.1. Entomopathogenic fungi 

Exploratory activities to collect entomopathogenic fungi of 

Sunn pest were conducted in southern Turkey and 

Southeastern Syria in January 1998. Eight scientists 

participated in this collection, 1 from ICARDA, 2 from the 

University of Aleppo, 1 from the University of Cukorova, 2 

from Plant Protection Research Institute of Adana and 2 

from the University of Vermont. 

Adult Sunn pests were collected from the overwintering 

habitats, which varied depending upon geographic location. 

If mountains were present, surrounding cereal fields, the 

insect was found on steep slopes beneath the litter at the 

bases of bushes. At lower elevations, where mountains were 

absent, Sunn pests were found under the litter of bushes or 

at the bases of Eucalyptus and Mediterranean pine trees. 

Care was taken to collect all dead individuals and pieces 

of dead individuals. 

A total of 1063 Sunn pests were collected; 84 of these 

were dead on collection. From these, a total of 104 fungal 

isolates were made. The most common entomopathogenic 



isolates belonged to the genus Beauveria. Also found were 

representatives of Paecilomyces and Fusarium. The latter is 

considered a rather moderate entomopathogen, but cases have 

been found where the strains are very pathogenic. From 

these, pure cultures of 45 isolates were prepared. These 

are now being subcultured and multiplied for pathogenicity 

trials against Sunn pest at ICARDA in February 1999. 

(B. Parker, M. Skinner (University of Vermont), M. El 

Bouhssini) 

8.1.2. Parasitoids 

The objective of this study was to test the performance of 

the parasitoid Trissolcus grandis Thom. on cold-stored eggs 

of the alternate host Dolycoris baccarum. 

This study was carried out under laboratory condition 

(23 OC, 60-70% RH and a photoperiod of 16:8 (L: D) in 

the biological control laboratory, University of Aleppo. 

Egg masses of D. baccarum were stored at two 

temperatures regimes ( 5  and 10°C) for 7 different 

periods (0, 2, 4, 6, 8, 10, and 12 weeks). Five egg 

masses were used per each treatment combination. At the 

end of each storing period, eggs of D. baccarum were 

removed from the incubator and placed in glass tubes 

(10~1.5 cm). In each of these tubes where a drop of 

honey was added, one female T. grandis was released and 

kept for 3 days. 

The results showed that the percent parasitism of T. 

grandis on fresh eggs of D. baccarum eggs was high 

(98.6%) . This level of parasitism stayed similarly high 
even on eggs stored for 6 weeks at 5OC and 4 weeks at 

10°C. Storing eggs for more than 8 weeks at 5 and 10 O C  

reduced drastically the % parasitism by T. grandis ( 2 4 -  

30%). These results show the potential of using stored 



eggs of D. baccarum in cold temperatures (5 or 10 OC) 

for up to two months (January and February) to mass rear 

the parasitoid T. grandis early March just before Sunn 

pest move to cereal fields. 

(M. Saloum, A. Babi (University of Aleppo), M. El 

Bouhssini) 

8.2. Hessian fly parasitoids 

Hessian fly, Mayetiola destructor (say), is the most 

destructive pest of wheat in North Africa. In Morocco, yield 

losses due to this pest have been estimated at 32% and 36% 

for durum wheat and bread wheat respectively. Hessian fly 

also occurs in West Asia, however, it is not an economical 

pest. Since the pest originates in this part of the world, 

natural enemies could be the main factor keeping the pest 

below the economic threshold. 

During the last two seasons we surveyed the importance 

of parasitoids in the costal areas of Syria where ~essian fly 

usually occurs. About 1000 infested plants were randomly 

sampled from Lattakia region around April, when ~essian fly 

is at the flaxseed stage. The samples were brought to Tel 

Hadya and stored in a cold room (5OC) for three months, a 

period necessary to get over the diapausing stage. To allow 

emergence of the Hessian fly and/or parasitoids, samples were 

placed in the insect rearing room 12Z°C and 16 H light). 

The results indicate that the level of parasitism is 

very high. From the two- year samples, no Hessian fly adult 

emerged; all were just the parasitoid. Specimens of this 

parasitoid were sent to France and USA, and they were 

identified as Homoporus destructor, Say. This species, which 

seems to be effective in regulating Hessian fly populations 

in western Syria, has not been reported in North Africa. More 

surveys of Hessian fly natural enemies covering the other 



parts of Syria as well as Lebanon will be conducted. Once the 

role of this and/or other Hessian fly parasitoids is 

assessed, efforts will be made to introduce effective and 

efficient species to North Africa. 

(M. El Bouhssini, A. Joubi, A. Babi (University of Aleppo)) 



9. TRAINING AND VISITS 

Training activities in Germplasm Program aim to assist 

researchers in NARS to develop their competencies in 

recognizing the problems of cereals and legumes and 

applying modern techniques to solve these problems. The 

training in Germplasm Program focused on providing 

technical training for individual non-degree trainees, 

conduct and support the research for graduate research 

students and conduct short-term training courses at ICARDA 

headquarters and regional, sub-regional and in-country 

courses. The trainees are taught to design and manage 

conventional experiments in the various aspects of 

breeding, hybridization, note taking, disease scoring, 

selection, analyzing and interpretation of experimental 

data and preparation of short technical reports; the 

trainees mainly are familiarized with practical application 

in the field and in the laboratory as well as some 

lectures. Round table discussions take place in specialized 

short-term group training courses. A method for evaluating 

progress is used to measure the performance of trainees and 

the impact of their training on agricultural research in 

their countries. 

The following training activities were conducted 

during 1998. 

9.1. Short-Term Courses 

9.1.1. Short-Term Courses at ICARDA Headquarters 

9.1.1.1. Mechanical Harvesting for Food and Feed Legumes 

Food and feed legumes are important crops in W W A  region. A 

legume harvest mechanization short course was organized at 

Tel Hadya from 24-28 May 1998 jointly conducted by the 



Station Operation and Germplasm Program. Ten participants 

( 5  from Syria, 3 from Iran and 2 from Egypt) attended the 

course. The purpose of the training course was to 

demonstrate a system of legume production and mechanization 

that decreases the cost of production. The program included 

both lectures and practical orientation to harvest 

machinery. Lectures were on problems of mechanization, 

breeding, agronomy, and economics of harvest mechanization. 

The participants evaluated the course as highly successful 

and useful. 

9.1.1.2. DNA Molecular Marker Techniques for Crop 

Improvement 

This course was organized at ICARDA headquarters Tel Hadya 

(13-24 September 1998), jointly sponsored by ICARDA and 

International Center for Advanced Mediterranean Agronomic 

Studies (CIHEAM) . Eleven participants from 10 countries 

attended the course. The lectures covered such topics as 

the origin and structure of the DNA, gene cloning, DNA 

marker technologies and statistical analysis of marker data 

for genetic mapping and biodiversity evaluation. Lectures 

were given by Prof. Dr. G. Kahl from Frankfurt University 

and ICARDA biotechnology staff. The course was well 

received by the trainees and some of the trainees will make 

use of the demonstrated techniques in their respective 

national programs. 



9.1.2. Regional/Sub-Regional Short-term Training Courses 

9.1.2.1. Diagnosis and Control of Diseases of Grain and 

Pasture Legumes Adapted to Mediterranean Environments 

This advanced course was held in Spain from 20-30 April 

1 9 9 8  and sponsored by ICARDA, Center for Legumes in 

Mediterranean Agriculture (CLIMA) and CIHEAM. Thirty-one 

participants attended the course (Table 9.1. ) . The aim of 
the training course was to increase the knowledge of NARS 

to identify the diseases of grain and pasture legumes grown 

in the Mediterranean environments. Drs. K. Makkouk and C. 

Akem provided input into the course from the ICARDA side. 

Table 9.1. Attendance at Diagnosis and Control of Diseases 
of Grain and Pasture Legumes Adapted to Mediterranean 
Environments 
Country No. of Participants 
Algeria 3 

Egypt 2 
Morocco 3 
Portugal 1 
Spain 13 
Syria 2 
Tunisia 3 
Turkey 3 
TOTAL 3 0 

9.1.2.2. Computer Application in Breeding Management 

( AGROBASE) 

Germplasm Program and CBSU jointly conducted in-country 

short-term training course on computer application in 

breeding management in Cairo, ~gypt from 26 February to 03 

March 1 9 9 8 .  There were 1 6  participants attended the course. 

The major emphasis of the course was on designing, and 

management of breeding trials. The course also covered 



computer basics, data entry and analysis by AGROBASE. The 

level of skill achievement was very high. 

9.1.2.3. Insect Taxonomy and IPY of Insect Pests 

This sort-term course was held in Oman and sponsored by 

ICARDA and Ministry of Agriculture and Fisheries (S. Oman) 

from 21 March to 1 April 1998. A total of 21 participants 

attended the course, (17 participants from S. Oman, 1 from 

each S. Arabia, Bahrain, Kuwait and UAR). Pre and post- 

course evaluation showed a big improvement in the 

entomology knowledge of the participants. All participants 

were mostly interested in biological control of the 

insects. 

9.1.3. In-Country Short Tenn Training Courses 

9.1.3.1. Introduction to Wilt/Root Rot Diseases 

The short-term course was organized by ICARDA and held in 

Giza, Egypt from 26-31 March 1998. Eight participants 

attended the course ( 5  males and 3 females) . The program 

included theoretical, laboratory and field training. 

Lectures were on wilt root/rot disease, strategies for the 

identification of resistant sources and integrated 

management of root/rot diseases. Laboratory and field 

training focused on the identification, isolation and 

control of the pathogens. 



9.1.3.2. DNA Molecular Marker Techniques for Crop 

Improvement 

A training course on DNA molecular marker techniques was 

held in Karaj, Iran from 6-19 June 1998. The course was 

sponsored by ICARDA/Iran project. Ten scientists from Iran 

participated in this course. Most of the participants had 

some experience in either breeding or biotechnology. The 

major aim of the course was to ensure that basic DNA marker 

technologies could now routinely be used in Iran. Once the 

basic technology has been established, the Iranian national 

program can build on this experience and take up new 

technology. All the trainees expressed their satisfaction 

with the new knowledge they acquired. 

9.2. Individual Training 

9.2.1. Individual Non-degree Training 

Training in specific areas of techniques in Germplasm 

Program was provided to 62 researchers from 14 countries 

(Table 9.2.) who spent periods ranging between 1 week to 3 

months in learning different research activities in the 

program (Table 9.3. ) . Individual training is most suitable 
for scientists who have undertaken research for a 

reasonable period of time, so their training programs were 

tailored to meet the specific need of NARSs. 



Table 9.2. Individual Non-degree Trainees to the Germplasm 

Program in 1998 

Country No. of Participants 
Algeria 1 
Bangladesh 
Egypt 
Eritrea 
Ethiopia 
Iran 
Iraq 
Jordan 
Lebanon 
Nepal 
Spain 
Syria 
Turkey 

Table 9.3. Training subjects provided to individual non- 
degree trainees in the Germplasm Program. 
Training Activity No. of Trainees 

Breeding Food Legumes 2 0 

Breeding Legumes for Disease Resistance 

Breeding Barley 

Breeding Barley for Disease Resistance 

Breeding Bread Wheat 

Breeding Durum Wheat 

Biotechnology 

Data Analysis & AGROBASE 

Entomology in Cereal & Legume 

Grain Quality 

IPM in Cereal & Legume 

Pathology in Cereal & Legume 

~ h i z o b i  urn Technology 

Stress Physiology 

Viruses in Cereal & Legume 5 

TOTAL 62 



9.2.2. Graduate Research Training 

An important aspects of our training concerns post- 

graduates. We have in the Germplasm Program a total of 31 

students (18 M.Sc. and 13 Ph.D. students). During 1998, a 

total of ten students (three Ph.D. and seven M.Sc. 

students) graduated or completed their thesis research, 

while three new students started their thesis research work 

at ICARDA (Table 9.4) . 

Table 9.4. Graduate Research Students at the Germplasm 
Program during 1998. 

M.Sc. Students Ph.D. Students 
Graduated in Graduated in 

Country No. 1998 No. 1998 
Algeria 0 0 1 0 
Eritrea 1 0 0 0 
Germany 0 0 1 1 
Iraq 0 0 1 1 
Jordan 1 0 0 0 
Morocco 0 0 1 0 
Netherlands 0 0 1 0 
Somalia 1 1 0 0 
Sudan 1 0 1 1 
Syria 14 6 4 0 

Turkey 0 0 2 0 
UAE 0 0 1 0 
TOTAL 18 7 13 3 

9.3. Visitors and Scientific Visits 

Visits between the Germplasm Program and NARS are an 

effective tool for transferring scientific information and 

research experiences. In 1998, forty-two visitors from 

Egypt. Algeria, Iran, Iraq, Tunisia, Morocco, Libya, 

Pakistan, Kazakhstan, Germany, Spain and Turkey visited the 

Germplasm Program. Most of the visitors were invited for a 

short periods from one week to one month to had an 



overviews on breeding activities on the improvement of 

ICARDA mandate crops, discuss joint projects, selected 

germplasm, lectures in training courses, discuss graduate 

student research, or gathered information on Germplasm 

Program activities and results. In addition, more than 150 

farmers and students from Syrian universities visited the 

program for one day visit. 
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11. CEREAL VARIETIES RELEASED BY NATIONAL PROGRAMS 

Crop Country 
Barley Algeria 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 

Algeria 
Algeria 
Australia 
Australia 
Australia 
Australia 
Bolivia 
Bolivia 
Bolivia 
Brazil 
Canada 
Canada 
Canada 
Canada 
Chile 
Chile 
China 
China 
China 
China 
China 
China 
Cyprus 
Cyprus 
Cyprus 
Cyprus 
Cyprus 
Cyprus 
Cyprus 
Ecuador 
Ecuador 
Ecuador 

Egypt 
Egypt 
Egypt 

Year of 
release 
1987 

Variety 
Harmal 
Badia 
Rihane- 03 
Yagan 
High 
Kaputar 
Namoi 
Kantuta 
Kolla 
San Lorenzo 
Acumai 
Seebe 
Falcon 
Tukwa 
Kasota 
Centauro 
~eo/Inia/Ccu 
zhenmai 1 
~pi/CM67//B1 
CT-16 
V-24 
5500 
V06 
Kantara 
Mari/Aths*2 
Achera 
Mia Milia 
Lefkonoiko 
Lysi 
Sanokrithi-79 
Shyri 
Atahualpa-92 
Calicuchima-92 
Giza 125 
Giza 126 
Giza 127 



Year of 
Crop 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barlev 

Country 
Egypt 
Ethiopia 
Ethiopia 
Ethiopia 
Ethiopia 
Ethiopia 
Ethiopia 
Ethiopia 
Ethiopia 
Ethiopia 
Iran 
Iran 
Iran 
Iran 
Iran 
Iran 
Iraq 
Iraq 
Iraq 
Iraq 
Italy 
Italy 
Jordan 
Kenya 
Kenya 
Lebanon 
Lebanon 
Lebanon 
Libya 
Libya 
Libya 
Libya 
Libya 
Libya 
Mexico 
Mexico 
Morocco 

release 
1994 

Variety 
Giza 128 
Beka 
IAR/H/485 

Holkr 
Ardu 12-60B 
HB-42 
HB-120 
Shege 
Misratch 

nbay 
Aras 
Kavir 
Star (Makui) 
Ezeh 
Ganub 
Sahand = Tokak 
Rihane-03 
IPA 265 
IPA 7 
IPA 9 
Digersano 
Salus 
Rum 
Bima 
Ngao 
Rihane-03 
Assy 
ER/Apm 
Wadi Gattara 
Wadi Kuf 
Ariel 
Borj ou j 
Irawen 
Maknosa 
Mona/Mzq/DL71 
Capuchona 
Asni 



Crop 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 

Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 

Country 
Morocco 
Morocco 
Morocco 
Morocco 
Morocco 
Morocco 
Morocco 
Nepal 
Pakistan 
Pakistan 
Pakistan 
Pakistan 
Pakistan 
Pakistan 
Pakistan 
Peru 
Peru 
Peru 
Peru 
Peru 
Portugal 
Portugal 
Portugal 
Portugal 
Portugal 
Qatar 
Qatar 
Qatar 
Saudi 
Arabia 
Spain 
Syria 
Syria 
Syria 
Tanzania 
Thailand 
Thailand 

Year of 
release 
1984 
1988 
1988 
1988 
1991 
1997 
1997 
1987 
1985 
1987 
1987 
1993 
1995 
1996 
1996 
1987 
1987 
1989 
1994 
1996 
1982 
1982 
1982 
1983 
1990 
1982 
1983 
1989 
1985 

Variety 
Tamelalt 
Ag 1 ou 
Arrnal 
Tiddas 
Laannaceur 
Igrane 
Safia 
Bonus 
Jau-83 
Frontier 87 
~au-87 
Jau-93 
AZRI-95 
Sanober-96 
Soorab- 96 
Nana 87 
Una-87 
Buenavista 
Una -94 
Una-96 
Campones 
Enxara 
Sereia 
CE 8302 
Ancora 
Gulf 
Harrna 
Harrna 88 
Gustoe 

Resana 
Furat 1113 
Furat 2 

Arta 
Kibo 
BRB - 8 
Sernang 1 

Barlev Thailand 1987 Sernanc! 2 



Crop 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Barley 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 

Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 

Country 
Tunisia 
Tunisia 
Tunisia 
Tunisia 
Turkey 
Turkey 
Turkey 
USA 
USA 
Vietnam 
Yemen 
Yemen 
Algeria 
Algeria 
Algeria 
Algeria 
Algeria 
Algeria 
Algeria 

Year of 
release 

1985  
Variety 
Faiz 
Roho 
Rihane-03 
Mane1 92 

Tarm 92 

Yesevi 
Orza 
Micah 
POCO 
Api/CM67//Bl 
Arafat 
Beecher 
HD 1220 
Setif 82 
Zidane 89 
ACSAD 5 9  = 40DNA 
Alondra = 21AD 
Nesser = Cham 6 
Rhumel = Siete 
Cerros 
Sidi Okba = Cham 4 
Soummam = DouggaXBJ 
Ain Abid 
Mimouni 
Giza 160 
Giza 162 
Giza 163 
Giza 164 
Sakha 92 

Gammeiza 1 

Giza 165 
Sahel 1 
Benesuef-3 
Giza 166 
Giza 167 
Sids 1 
Sids 2 

Sids 3 



Crop 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 

Year of 
Country release 
Egypt 1995 

Egypt 1995 

Egypt 1995 

Egypt 1995 
Greece 1983 

Greece 1983 

Greece 1983 

Iran 1986 

Iran 1986 

Iran 1988 

Iran 1988 

Iran 1988 

Iran 1990 

Iran 1995 

Iran 1995 

Iran 1995 

Iran 1996 

Iran 1996 

Iran 1996 

Iran 1997 

Iran 1997 

Iran 1997 

Iran 1997 

Iran 1997 

Iran 1998 

Iraq 1989 

Iraq 1994 

Iraq 1994 

Iraq 1994 

Iraq 1998 

Italy 1996 

Jordan 1988 

Jordan 1988 

Jordan 1988 

Jordan 1988 

Jordan 1990 

Lebanon 1990 

Variety 
Sids 4 
Sids 5 
Sids 7 
Sids 8 
Arachthos 
Louros 
Pinios 
Azadi 
Golestan 
Darab 
Quds 
Sabalan 
Falat 
Darab 2 
Mahdabi 
Ta j an 
Gaher 
Nickne j ad 
Zaqross 
Alement 
Alrand 
Atrak 
Chamran 
Zareen 
Azar 2 
Es14 

Abu Ghraib 
Adnanya 
Hamra 
Vee 'S' 
Sibilla 
Cham 1 
L88 = Rabba 
Nasma = Jubeiha 
Petra 
Nesser 
Seri 



Year of 
Crop 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 

Country 
Lebanon 
Lebanon 
Libya 
Libya 
Morocco 
Morocco 
Morocco 
Morocco 
Morocco 
Morocco 
Morocco 
Oman 
Oman 
Pakistan 
Pakistan 
Pakistan 
Portugal 
Portugal 
Qatar 
Sudan 
Sudan 
Sudan 
Sudan 
Sudan 
Syria 
Syria 
Syria 
Syria 
Syria 
Syria 
Tunisia 
Tunisia 
Tunisia 
Tunisia 
Tunisia 
Tunisia 

release 
1991 

Variety 
Nesser = Cham 6 
Towpe 
Germa 
Zellaf 
Jouda 
Merchouch 
Kanz 
Saba 
Massira 
Aguilal 
Arrihane 
Wadi Quriyat 151 
Wadi Quriyat 160 
Sutlej 86 
AZRI-96 
Sariab-96 
LIZ 1 
LIZ 2 
Doha 88 
Debeira 
Wadi El Nee1 
Elnielain 
Sasaraib 
Nessr 
Bohouth 2 
Cham 2 
Cham 4 

Bohouth 4 
Bohouth 6 
Cham 6 
T-DUMA-D6811-INRAT 
Byrsa 
Salambo 
Vaga 92 
Tebica 96 
Ut ique 

Bread Wheat Turkey 1979 Gerek 79 



Year of 
crop 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 
Bread Wheat 

Country release Variety 
Turkey 1985 Atay 85 
Turkey 
Turkey 
Turkey 
Turkey 
Turkey 
Turkey 
Turkey 
Turkey 
Turkey 
Turkey 
Turkey 
Turkey 
Turkey 
Turkey 
Turkey 
Turkey 
Turkey 
Turkey 
Turkey 
Turkey 
Turkey 
Turkey 
Turkey 
Turkey 
Turkey 
Turkey 
UAE 
UAE 
UAE 
Yemen 
Yemen 
Yemen 
Yemen 
Yemen 
Yemen 
Yemen 

Dogankent-1 (Cham 4) 
Dogu 88 
Gem-88 

KOP 
ES14 
Karasu 90 
Katia 1 
Yuregir 
Gun 91 
Dagdas 94 
Xutluk 94 
Basribey 95 
F / / ~ ~ . ~ ~ N z T / ~ / C U C ' ~ '  
Kasifbey 95 
Kirgiz 95 
Sultan 95 
Ikizce 96 
Pehlivan 96 
Kinaci 97 
Palandoken 97 
Suzen 97 
Aytin 98 
Mizrak 98 
Turkmen 98 
Uzunyayla 98 
Yildiz 98 
Cham 2 
Kirgiz 95 
Seyhan 95 
Ahgaf 
Marib 1 
Aziz 
Dhumran 
Mukhtar 
Alswiri 
Radf an 





Crop 
Durum Wheat 
Durum Wheat 
Durum Wheat 
Durum Wheat 
Durum Wheat 
Durum Wheat 
Durum Wheat 
Durum Wheat 
Durum Wheat 
Durum Wheat 
Durum Wheat 
Durum Wheat 
Durum Wheat 
Dururn Wheat 
Durum Wheat 
Durum Wheat 
Durum Wheat 
Durum Wheat 
Durum Wheat 
Durum Wheat 
Durum Wheat 
Durum Wheat 
Durum Wheat 
Durum Wheat 

Durum Wheat 
Durum Wheat 
Durum Wheat 
Durum Wheat 
Durum Wheat 
Durum Wheat 
Dururn Wheat 
Durum Wheat 
Durum Wheat 
Durum Wheat 
Durum Wheat 
Durum Wheat 
Durum Wheat 

Country release Variety 
Libya 1985 Marj awi 
Libya 
Libya 
Libya 
Libya 
Libya 
Libya 
Libya 
Morocco 
Morocco 
Morocco 
Morocco 
Morocco 
Morocco 
Morocco 
Morocco 
Morocco 
Pakistan 
Portugal 
Portugal 
Portugal 
Portugal 
Portugal 
Saudi 
Arabia 
Spain 
Spain 
Spain 
Spain 
Spain 
Sudan 
Sudan 
Syria 
Syria 
Syria 
Syria 
Syria 
Tunisia 

Qara 
Zorda 
Zahra 1 
Khiar 92 
Zahra 3 
Zahra 5 = Korifla 
Zahra 9 
Marzak 
Om Rabi 1 
Sebou 
Tensift 
Brachoua 
Om Rabi 5 
Anouar 
Jawhar 
Telset 
Wadhanak 
Celta 
Timpanas 
Castico 
Helvio 
Te 9204 
Cham 1 

Mexa 
Nuna 
Jabato 
Anton 
Roqueno 
Cham 1 
Waha 
Cham 1 
Bohouth 5 
Cham 3 
Om Rabi 3 
Cham 5 = MRB-3 
Razzak 



Year of 
Crop Country release Variety 
Durum Wheat Tunisia 1993 Khiar 
Durum Wheat 
Durum Wheat 
Durum Wheat 
Durum Wheat 
Durum Wheat 
Durum Wheat 
Durum Wheat 
Durum Wheat 
Durum Wheat 
Durum Wheat 

Tunisia 
Turkey 
Turkey 
Turkey 
Turkey 
Turkey 
Turkey 
Turkey 
Turkey 
Turkev 

Om Rabi 3 
Susf bird 
Balcali 
EGE 88 
Cham 1 
Kiziltan 
Aydin 93 
Haran = Om Rabi 5 
Altin 98 
Ankara 98 
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Senior Cereal Pathologist 
Post-Doctoral Fellow 

Junior Professional Officer 

Research Associate 
Research Associate 
Research Associate 
Research Associate 
Research Associate 

Training Assistant 

Research Assistant (Terbol) 
Research Assistant 
Research Assistant 
Research Assistant 
Research Assistant 
Research Assistant 
Research Assistant 

Senior Research Technician 
Senior Research Technician 
Senior Research Technician 
Senior Research Technician 
Senior Research Technician 



35.  Mr Zuhair Haj Younes* 
36.  Mr Joseph Aziz* 
37.  Mr Salem Farrouh* 
38 .  Mr Hani Hazzam 
39 .  Ms Nadia Fade1 
4 0 .  Mrs Wafa Haj Juma'a* 
41.  Mr Ahmed El-Saleh 
42 .  Ms Sawsan Tawkaz 
43.  Ms Iman Maaz 
44.  Ms Aman Sabbagh 
45.  Mrs Mouna Baalbaki 
46.  Mr Mohamed M. El-Karim** 

Research Technician 
Research Technician (Terbol) 
Research Technician 
Research Technician 
Research Technician 
Research Technician 
Research Technician 
Research Technician 
Research Technician 
Research Technician 
Research Technician 
Research Technician 

47.  Mr Asaad El-Jasem* Labour Foreman 

48.  Mr Abdallah Steif* Assistant Technician 
49.  Mr Hasan El Khatib* Assistant Technician (Terbol) 
50 .  Mr Michael Abou Nakad* Assistant Technician (Terbol) 

51. Mr Obeid El-Jasem Farm Labourer 

52. Ms Rita Nalbandian Executive Secretary 
53.  Ms Asma Salem* Senior Administrative Assistant 
54.  Mrs Sossi Toutounji Secretary 

 consultant^ 
5 5 .  Dr Hisham Al-Zainab* Cereal Pathologist 
56.  Dr Mohamed Shafik Hakim* Cereal Pathologist 
57 .  Mr Haitham Sayed Cereal Biotechnologist 

*Left the Program in 1998 
**Joined the Program in 1998 






