








Table of Contents 

Introduction 

Barley Improvement 
spring Barley Breeding 
Winter and Facultative Barley Improvement 
ICARDA/CIMMYT Barley Project 
Physiology/Aqronomy 
Pathology 
Intemational Nurseries 

hurum Wheat Improvment 
Durum Breeding 
Physiology/Agronomy 
Pathology 
International Nurseries 

Spring Bread Wheat Improvenent 
Spring Bread Wheat Breeding 
Physiology/Agronomy 
Pathology 
International Nurseries 

Facultative and Winter Wheat Breeding 
Introduction and okservations 
Methodology and Philosophy 

rntomology 
Polymorphic Complexity of Aphids 
Russian Wheat Aphid 
Wheat Stem Sawfly Screening 
Wheat Stem Sawfly Yield Trials 

Biotechnology 
Rye Introgressions into Wheat 
Barley Genome Mapping 
Durun Genome Mapping 
Production of DII-Lines in Barley 
Transfer of Hessian-Fly Resistance 
to Durwi Wheat 
Application of Molecular Markers 
in tmmn and Barley Iqrovement 



Collaborative Research 
Maghreb Region  R e p o r t  

Training and Visits 
H e a d q u a r t e r s  C o u r s e s  
Training i n  the Region  
V i s i t s  

Publications 

varieties Released by MLRSs 

Staff List 



The crop improvement research on cereals at the 
International Center for Agricultural Research in the Dry Areas 
(ICARDA) covers barley, d m  wheat and bread wheat. Both 
spring and winter and facultative types of these meals are 
grown in the ICARDA region; hence research issues of both types 
are addressed. This report includes the results of the work 
done mainly in the 1992-93 season. The research team was led 
by Dr. J. Hamblin, who has written an intrduction to this 
report. Dr. Hamblin left ICARDA in November 1993 to take up 
his new assignment as the Director of cLlK4 (Centre for Legumes 
in Mediterranean Agriculture) in Perth, Western Australia. I 
would like to thank him for all his contributions to the cereal 
improvement research at ICARDA. 

Effective November 1993 the 'Cereal Program' and the 
'bqumes Prcqram' of ICARDA have been merged to form the 
'Germplasm Program'. Therefore, in future, the research on 
bsth cereals and legumes will be reported together in the 
Germplasm Program Report. 

M. C. Saxena 
Leader, Germplasm Program 

March 24, 1994. 



The 1992/3 season was very dry in Morocco and western Algeria, 
but was average elsewhere. The weather data for Tel Hadya is 
sham in Fig. 1. 

'Ihe P r q r a m  highlights in 1993 include our increasing 
understanding of the imprtance of trace element toxicities and 
deficiencies in the region. Their correction is showing some 
dramatic yield inprovements. As a first step we consider that 
agroncmic approaches are most appropriate for deficiencies and 
genetic approaches are more suitable for toxicities. In the 
deficiencies we have indications that copper, zinc and iron are 
inadequate for maximum plant growth in certain areas. Our 
Turkish colleagues are finding dramatic responses to zinc 
applications in deficient sites. In the area of toxicity we 
are finding significant improvements in yield potential when 
boron tolerant lines are conpared with boron susceptible sister 
lines. We believe that boron toxicity is far mre wide spread 
in the region than it has been given credit for and we hope to 
survey this over the coming years as well as bekg able to 
provide resistant germplasm. 

The work on root rots continues and we have developed a 
gccd methodology for testing the resistance of mterial in the 
field that uses machine planted split plots, where the pathogen 
is inoculated using the saw approach as that used to apply 
rhizobium to legume seeds. We are finding significant 
differences between genotypes for their response to infection, 
but the relationship of this to yield is complex. We are also 
aware of the importance of soil-borne nmataies in some areas, 
but so far have not been able to persuade anyone to fund a 
cereal nemtologist to assist us in identifying the scale and 
importance of the problem in WANA and to develop cheap and 
effective screening techniques. 

There is an increased interest in hull-less barleys and 
cur work reflects this. This year has seen the release of 
several hull-less varieties and all barley projects have 
increased their efforts on these types. At similar yield 
levels they have impruved energy output per ha as the hulls 
account for between 10 and 13% of the yield of barley and they 
are fibrous and of law digestibility. 

The changes in our breeding appmch for barley in the 
dryland areas of North Africa have been enthusiastically 
supported by our colleagues from the Maghreb and we see this as 
something of a pioneering effort and approach. It builds on 
the considerable complimentary strengths of the national 
prcqrams and maximizes mutual co-operation and self help 
between the countries of North Africa. As we gain experience 



in this approach we will expand this methodology to other 
regions and species within the CP mandate in WANA. 

We have found that cold tolerance in barley for the 
highland areas is not related to law yield potential in warmex 
climates. This means that in mild years or in less cold areas 
highland varieties will nut suffer a yield penalty due to high 
levels of cold tolerance. 7% prospects of breeding widely 
adapted varieties in these areas are improved. 

The entamlogy and plant pathology work continues to 
provide germplasm to NARS that carries resistance to many pests 
and diseases. Much of this work is done in collaboration with 
NARs colleagues, particularly in Egypt and North Africa. With 
Moroccan scientists we have developed durum lines resistant to 
Hessian fly for the first time. 

These and other topics make up this annual report, and if 
you wish further information please contact the people listed 
at the end of each section. 

As I sit in my office on a wild, wet and cold November 
day I think about both my inuninent departure to the surmer in 
Australia, to working on legumes and to the friends and 
colleagues that I will leave behind in FIANA. I would like to 
thank you very much your friedship, collaboration and 
stimulating argument. Science advances by debate and 
exprimentation. If the debate is not strong, vigorous and 
open, then the science will suffer. I have emouraged this in 
the Cereal Program and have greatly appreciated my WANA 
colleagues input into the debate. This is best expressed in 
the changes we have made to our work in North Africa. Without 
your lively caments and criticisms these changes would not 
work. So thank you, friends and colleagues, for your time and 
efforts that have made my stay in WANA so enjoyable and 
beneficial to me. I hope it was the same for you. I look 
forward to seeing your progress in future years, which I am 
sure it will be considerable. I also hope to continue contact 
with the region in my new position, and even though it is in 
legume research, I still have an interest in cereals, both 
thrcugh the technical benefits of including legumes in 
rotations for cereals and as a farmer. 

Thank you all for everything and best wishes for 1994 and 
the future. 

John Hamblin 
=-Program 
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Fig. 1 T e l  Hadya monthly weather in the 1992/93 season. 



ICARDA Nfills its global mmhte on barley by organizing the 
barley improvement work in three projects: a) spring barley, b) 
winter and facultative barley, and c) Latin America regional 
program. The first two project are based in Aleppo, the third 
is a collaborative ICARaA/CIMMYT projed and it is based in 
Mexico. 

2.1. spm Barley Breeding 

2.1.1. Introduction 

T h e  project tests the efficiency of breeding methodolqies for 
different environments and identifies those that can be easily 
adopted by national programs. We are axmnitted to a strong 
breeding program at Aleppo to assist in germplasm development, 
while encouraging national programs to strergthen their awn 
P-. 

To exploit specific adaptation better and to use the 
exprtise in national programs the project is gradually 
replacing the traditional system of germplasm distribution 
based on fixed or semi-fixed lines, with the distribution of 
less advanced material. The aim is to distribute mainly F2 
populations and to select the best populations in different 
enviromts within and across countries. National pnqrams are 
directly involved in design- the crosses and in the selection 
between F2 and between lines extracted from selected 
populations. ICARDA staff assists in making the crosses, 
distributing the germplasm and advancing generations to 
maintain continuity. This process was initiated in Maghreb 
(Morocco, Algeria, Tunisia and Libya) where almost 5 million 
hectares of barley are qrown mually and where six-row types 
predominate. The reaction of NARS after three years of 
implementation of lldecentralized barley breeding" is very 
positive. In 1993 we w a n  implementing the same approach in 
other countries where success of traditional germplasm 
distribution has been limited. 

Our work with mixtures has increased in collaboration 
with the University of Hohenheim. A Fh.D student, Mr. Claus 
Einfeldt, works on the role of heterozygosity and heterogeneity 
as buffering mechanism against unpredictable climatic 
conditions. 

Dr. M. Mayer completed his FbD in early 1993 and joined 
the project in March 1993. He will share in the responsibility 
of the breeding program, specifically on straw cpality and 
genetic and environmental effects on dry matter production and 



its partitioning. 
Scientists from Syria, Iraq, Egypt, Nepal and Pakistan 

visited the project to familiarize thanselves with the new 
breeding methods and field techniques. The project invited 
Prof. Simmonds (Edinburgh School of Agriculture) to comment on 
the new breeding methods and strategies. 

Collaboration with Ethiopia on the utilization of locally 
adapted germplasm bemm a special project supported by the 
Govcmment of the Netherlands. The project will help the barley 
program in Ekhiopia to hplement a new stratesy in barley 
breeding based on three concepts: 1) the majority of testing 
sites will be on farmers fields, and will be used by all 
concerned scientists to charaderize Mhiopian landraces for 
disease and pest resistance, quality traits and spectrum of 
adaptation, 2) while in the past landraces have been used as 
donors of useful genes, in EZhiopia they will be used as 
recipient of useful genes to be transferred in an adapted 
genetic background. 3) the use of inputs in sane of the testing 
sites will add flexibility to the breeding program which will 
be in a better position to serve the needs of farmers who use 
inputs as well as those who don't. 

A number of technical changes were introduced to increase 
efficiency. Breeding plots were stxdardized to a length of 
3.75 m or multiples of it and to a width of 8 rods at 20 cm 
with continuous planting. 

Yield data recording was N l y  automated thanks to a 
software developd by Mrs. G. Nachit. This has reduced the time 
between harvesting and data analysis by about 40%. 

Pedigree management is gradually shifting from ICADET to 
a database which all- a) storage of pedigree and data in the 
same file, and b) greater flexibility in the use of statistical 
packages others than CRISP. Most yield trials for 1993-94 are 
large a-lattices. - S. Ceccarelli 

2.1.2. Barley Breeding for Specific Adaptation 

2.1.2.1. North Africa 

Decentralization of barley breeding in Eaaghreb continued in 
1992/93 according to the time-table presented in the Annual 
Report for 1991/92 (Table 2). Three types of special nurseries, 
m l y  a yield trial (180 lines), an observation nursery (332 
lines) and Fz's (254 populations, some of which derived frm 
crosses designed by NARS), were distributed wether with the 
Regional Yield Trial which is also distributed in m y  other 
countries and was distributed in Maghreb for the last time. 
Frequency of selection f m  the unreplicated nurseries varied 



f m  12 to 49% (Table 1). 
The increased selection of lines in 1992/93 may be due to 

a better targeting of crosses for the Maghreb countries. We 
ampared the average frequency of selection with the 
traditional international nurseries. Because of changes in 
locations used for testing, the comparison is only possible at 
country level. In Tunisia, Algeria and Morocco there was, in 
general, a modest increase in the frequency of selection. m e  
advantage of the special nurseries was not evident in Libya 
where adaptation strongly depends on earliness. This 
characteristic was already incorporated in most of the lines 
distributed to that country in 1990-91. 

Table 1. FrecpenCy of selection (%) in two new nurseries for 
Maghreb (F2 and observation nursery for Maghreb, or SMAG) and 
average frequency of selection in the traditional observation 
nurseries distributed between 1986 and 1991. 

Country LDcation New Nurseries Old Nurseries 

F2 SMAG Internationdl 
Nurseries 1986- 

9 la 

Libya Azizie 16.9 35.2 32.1b 

Tunisia Beja 51.6 23.2 16.2 

Kef 42.9 24.7 

Taj erouine 30.7 13.3 

Foussana 29.9 - 
Algeria Khroub 29.5 25.3 

Setif 22.4 17.2 

Tiaret - 26.8 

Saida - 12.4 

Morocco Annaceur 20.0 12.1 12.2 

Merchouch 28.0 25.3 

Jem a1 Shah 18.9 17.2 

a Average frequency of selection in the observation nurseries 
Data of 1990-91 only 



The total number of lines seleded from the special 
nursery (SMAG) was too high to be tested as one Advanced Yield 
Trial for MarpUreb which would inevitably sacrifice lines 
specifically adapted to one country. To N l y  exploit specific 
adaptation in 1993/94 we have designed different yield trials 
for each country. Each trial (an a-lattice with two 
replications) contains both lines specifically adapted to that 
country arid lines which were selected in more than one country. 

The frequency of FJ2s selected in individual countries and 
in dination of two, three and four countries (Table 2) 
suggests that the populations were better adapted to Tunisia 
am3 Morocco than to Libya and Algeria. With additional data 
sets of this type it will be possible to analyze the data at 
location level. This my rationalize the choice of the 
selection sites. 4800 individual Fz plants were extracted from 
the selected populations. 'Ihese will be the basis for germplasm 
development in North Africa in the next two to three years 

Table 2. Frequency of selection (%) in a nursery of 254 FZ 
populations grown at eight locations in North Africa. 

country ( is) ~requency of selection 

Libya 2.8 
Tunisia 9.8 

Algeria 2.8 

Morocco 

Libya and Tunisia 

Libya and Algeria 1.2 

Libya arid Morocco 2.0 

Tunisia and Algeria 10.2 

Tunisia and Morocco 15.0 

Algeria and Morocco 3.9 

Libya, Tunisia and Algeria 

Libya, Tunisia and Morocco 

Libya, Algeria and Morocco 1.6 

Algeria, misia and M o m  

Libya, Tunisia, Algeria and 
MorOxm 

none 9.5 



2.1.2.2. Other Countries 

Special nurseries were prepared for a n m h r  of countries 
(China, Pakistan, India, Nepal, Korea, Iraq, Syria, and Egypt). 
In collaboration with the W, landraces from Yemen, 
Afghanistan, Libya, Algeria, Iran, Jordan, Pakistan, Tbnisia 
and Turkey were introduced in the breeding program and will 
form the basis for specific crossing blocks. - S. Ceccarelli, 
s. Grand0 

2.1.3. Perfomce of Barley Lines in the Regional Yield Trials 
Wer the Last Eight Years 

'Ihe Regional Yield Trials represent ICARDAfs last step of yield 
testing, and are conducted by NARs. National breeders select 
prdsing lines from these trials to be incorporated into their 
awn breeding programs. Each Regional Yield Trial contains 23 
lines plus a llnational*l check which can vary between locations 
within one country. The following summary refers only to those 
African and Asian countries which had data for mre than five 
trials between 1984/85 and 1991/92. The data from 381 Barley 
Yield Trials for Moderate (BYM) and IDW (BYL) Rainfall Areas 
are shown in Table 3. The average number of lines outyielding 
the national check in at least one year at one location was 
renarkably high: eight in the BYL and ten in the BYM. 

For instance, in Algeria, where 28 trials were grawn 
between 1984/85 and 1991/92 with a total of 644 lines, 344 
lines outyielded the national check. However, it is not 
possible to know whether these lines remain superior over 
locations and years as in the present testing lines can not be 
followed further. 

The mean yields were, in general, much higher than the 
national average achieved by farmers (FA0 Production Yearbook) . 
Growing conditions on experkt stations are far better than 
those on farmersf fields. 

Two possible reasons are that experiment stations tend to 
be located in the more favorable environments and that 
agricultural management on the stations tends to be better than 
farmersf management. In most countries station yields are so 
high that they are unlikely to represent even the best fanners 
in the near future. 

However, in some countries (Egypt, Iraq and Turkey) the 
differences between station yields and the national average 
yields were low. 



Table 3. Suunary of Regional Barley Yield Trials for Law (BYL) 
an8 Mr=&rate (BYM) Rainfall Areas between 1984/85 and 1991/92~: 
nlrmber of trials per country, average number of lines per trial 
outyielding the national check in grain yield, grand mean of 
trials, and the national average grain yield between 1985 and 
1991b. Each trial had 23 lines and one national check. 

Country No. of Avg. no. of Grand Nat . 
trials ent./trial mean aVg- 

mean 
BYL BYM BYL BYM BYL BYM 

Algeria 13 15 11.0 13.4 2993 4168 862 

Wt 19 23 9.2 11.5 2798 3855 2698 

Ethiopia 3 3 0.7 11.7 1690 3042 1131 

Libya 8 12 5.0 7.4 1465 2886 596 

Tunisia 8 12 6.6 11.8 3261 3883 735 

Morocco 9 7 13.4 11.7 2926 3715 1140 

Afganist. 6 1 6.0 23.0 1565 3462 1070 

China 3 7 16.7 8.6 5349 3890 2836 

Iran 13 18 8.8 8.8 2782 3597 1143 

Jordan 18 9 6.9 12.1 2294 2820 684 

Korea 2 4 16.5 17.0 5311 3262 2578 

Pakistan 31 30 7.7 10.3 1897 2275 772 

WkeY 6 10 5.3 12.6 2077 3635 2043 

Total 173 208 

Mean 8.2 10.1 

a BYM is distributed since 1984/85 and BYL since 1985/86. 
F'rom FA0 Production Yearbook; data for 1992 not yet available. 
Trials on ICMEA stations excluded. 



It is not surprising that the large nmber of lines 
cutyielding the national check is not matched by a 
corresponding number of varieties released. In many countries 
it is likely that expximent stations and farims yields are on 
opposite sides of a cross-over G x E interaction. 

2.1.3.1 Specific Adaptation: Haw Specific? 

?he decentralization of the spring barley breeding program 
raises the question of h m  far decentralization should go or 
haw specific the specific adaptation should be. 

To address this question, and whether further 
decentralization within North Africa is required, data fmm 23 
lines (BYM) grown at 16 North African locations in 1988/89 were 
analyzed. Nine trials were planted in the Maghreb region d e r  
rainfed conditions, seven in Egypt under irrigation. 

Over all locations (Table 4), the G x E interaction was 
44 times larger than the genotypic variance. The latter was not 
significant. Unexplainable deviations from regression and the 
regression on entry means contributed the laryest amount to the 
interaction. Differencesbetweenthe regression coefficients on 
enviromtal means were not found. After removing all Egyptian 
locations (which showed the largest deviations and the most 
diverse regression coefficients) from the analysis, G x E 
interaction was dramatically reduced, but was still six times 
larger than genotypic, differences. However, the highly 
significant joint regression and the non significant 
differences between regression coefficients on enviromtal 
means would suggest that the observed G x E interaction does 
not necessarily lead to changes in the ranking of genotypes. 

If this can be considered a general case for the Maghreb 
region, no further decentralization within Maghreb would be 
required. However, the enviromts used for international 
yield trials certainly do not represent a rarid.om sample of all 
environments, but rather the favorable growing areas (trial 
means in the Maghreb region in 1989 ranged from 1756 to 4742 
kg/ha cconpared to farmers1 national average yields ranging from 
485 to 1250 kg-). Furthern~re the genetic material did not 
include local germplasm. Experiments based on a wider range of 
environments and geqlasm may yield different results. - 
M. Mayer 



Table 4. Genotypic and G x E interaction variances (x lo5), and 
heritability of grain yield: 23 lines tested in the Barley 
Yield Trial for the Moderate Rainfall Areas at 16 locations .h 
North Africa (9 rainfed envirornnents in the Maghreb region and 
7 irrigated Egyptian envirornnents) in 1989. 

source IDF D F ~  V.C. v.c.~ h2 h2 a 

Joint regression 

G x E  

Regression on 
g-WP= 

330 176 236.8** 136.9** 

Regression on 
envirommts 

SuWivision of G x E  interaction 

Deviation from 
regression 

" Degrees of freedom, Variance umpnen t s  (V. C. ) and h2 (%) 
when Egyptian environments are omitted. 

2.1.4. Performance of Lines in Yield Trials 

A total of 3194 barley genotypes were yield tested during 
1992/93 (2268 for the first year, 702 for the second year and 
224 for the third year). Mean yield ranged frcnn less than 1 
t/ha in Bouider, to about 1.5 t/ha in Br& and about 4 t/ha iq 
Tel Hadya (Table 5) . Capzmzd with 1991/92, the frequency of 
lines outyielding the best check selected was generally higher 
in Tel Hadya and lower in Breda. ?his is a possible consequ- 
of traditional checks (such as Rihane-03) being the highest 
yielding in Tel Hadya, and of newly introduced checks (such as 
A r t a  and Zanbaka) being generally the highest yielding in the 
driest sites. 



Table 5. Perfonname (kg/ha) of barley lines in yield trials 
(lst, 2nd and 3rd year) in three locations in north Syria 

Bcuider Breda Tel Hadva 

Material 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 

RihamA3 778 607 1697 1406 1193 4784 4739 4225 

Mari/Aths*2 1375 648 1720 1281 1387 4594 4369 3957 

% >best check 0.6 1.3 13.2 16.2 4.0 10.2 3.7 8.9 

m yielda 1781 1161 2122 2341 1810 5095 5347 4362 

a Average yield (kg/ha) of l ines  outyielding the  best check 

The emphasis on breeding for  harsh enviromnents has not reduced 
e f fo r t s  t o  increase yield potential for  favorable environments. 
Data fmm the highest yielding locations where the Fqiona l  
Y i e l d  Tr ia l  fo r  Moderate Rainfall was grown in 1992 (Table 6) 
indicate that barley lines w i t h  yield potential of 7 t o  10 t/ha 
are being continuously generated. - S. Ceccarelli, S. Grand0 

Table 6. Yield potential (kg-) of barley lines in various 
countries. 



2.1.5. AMMI Model Canfilms Previous Findings on G x E 
Interaction 

The analysis of Genotype x Ehviromt (GE) interaction by 
parametric linear regression technicpes is subject to 
criticism. Because of the importance of GE in relation to the 
choice of the selection enviromt we analyzed 36 barley 
genotypes grown in 14 environments in Syria and North Africa. 
Genotypes and environments were classified by a cluster 
analysis and the interaction was analyzed with an additive main 
effect and multiplicative interaction mdel (AMMI) . Genotypes 
were clustered in four groups according to their grcrwth habit 
(spring or winter) and heading date. Environments were 
clustered in two groups, low (LY) and high yielding (HY). 

Genotypes differing in development and vernalization 
requirement shawed positive interaction with one group of 
environments and negative with the other. HY environments did 
nat discrimhate well between genotypes with different yield in 
LY environments. Details of this work are in Genotype by 
Enviromt Interactions of Barley in the Mediterranean Region, 
van Oosterom, E.J., Kleijn, D., Ceccarelli, S. and Nachit, 
M.M., Crop Science, 33:669-674. - S. Ceccarelli 

2.1.6. Genetic and Environmental Differences for Grain Y i e l d ,  
'Ibtal Biological Y i e l d  and Stxaw Quality 

W e  began to investigate the quantitative genetics of total 
biological yield, its canpnents (grain and straw) and the 
feeding quality of the straw. Biomss samples of the 112 two- 
m and 112 six-m lines tested in the Advanced Yield Trials 
in Tel Hadya, Breda and Bouider were W e n  in 1993. The straw 
of each sample was collected to assess metabolizable enerqy, in 
vitru digestibility, protein and lignin content, etc. mese 
traits were estimated by near infrared reflectance (NIR) 
spec-py - 

Grain and total biological yield were higher in two-row 
lines (Table 7). Harvest index of two- and six-m types was 
similar at Tel Hadya, but in Breda and Bouider it was lower in 
the six-row type. This implies a better ability of two-row 
types to translocate assimilates into the grain under stress. 
Although the two-rcm types were, on average, six days earlier 
to awn enen~ence, it is unlikely that their superiority in 
grain yield is caused by drought escape; due to late rains, 
earliness was relatively unimportant in explaining variation in 
grain yield in 1993. It is more likely that the two-row lines 
examined here are truly more drought tolerant. These results 
confirm those presented in the Cereal Prcgramts Annual Report 



for 1992. The in vitro digestibility of the straw, measured as 
gas production at 8 h of incubation, increased with increasing 
stress and did not differ among row types. 

Table 7. Means of 112 six-raw and 112 two-row lines tested in 
the Advanced Yield Trials at Bouider, Breda, and Tel Hadya in 
1992/93 for total biological yield (TEW) , grain yield (GY), 
harvest index (HI) and straw quality measured as in vitro gas 
prduction at 8 h of incubation (GP 8). 

6-row type lines 2-row type lines 

TBY GY H I  GP-8 TBY GY H I  GP-8 

Bouider 2729 674 25.3 18.9 2503 885 35.8 17.3 

Breda 3952 1149 29.9 15.2 4183 1496 36.6 15.1 

Tel Hadya 7013 2978 43.7 13.6 7593 3133 42.2 14.3 

mean 4564 1600 33.0 15.9 4760 1838 38.1 15.6 

Table 8. G-typic standard deviations (ag in kg-),  broad 
sense heritabilities ($ in %) and genetlc coefficients of 
variation (CV, in %) of grain yield (GY) , total biological yield 
(TBY) and straw quality measured as in vitro gas produdion 
after 8 h of incubation (GP 8) in 112 six-row and 112 two-row 
lines tested at Bouider, Breda, and Tel Hadya in 1992/93. 

GY TBY GP 8 

G r o w  2row Grow 2row G r o w  2row 

*,** Treatment mean squares significant at P = 0.05, and 0.01, 
respedively . 

Genotypic differences were found in grain yield, total 
biological yield and straw quality (Table 8 ) .  The 
heritabilities were similar for all three traits. The small 
genetic coefficients of variation observed for the straw 
quality trait hply that selection progress in this trait would 
be lower than for grain or total biological yield. 



The genotypic correlations of total biological yield to 
grain yield and the straw-quality trait were lcw, whereas grain 
yield and straw quality was negatively correlated (Table 9). - 
M. Mayer 

Table 9. Genotypic coefficients of correlation between grain 
yield (GY), total biological yield (m), harvest index (HI) 
and straw quality measwed as in vitro gas production at 8 h of 
incubation (GP 8) of 112 six-row and 112 *row lines tested 
at Bauider and Breda in 1992/93. 

TBY GY HI 

GY 0.19+ - - 
HI - 0.27U 0.93- - 
GP 8 0.14 - 0.79- - 0.7M-t 

-H, + Coefficient larger than its doubled and simple standard 
error, respectively. 

2.1.7. The Use of EIardeum sphneum Improves Plant Height 
Under Severe Drought 

Seventy-four lines derived from crosses with Hordeum spntaneum 
were tested for four cropping seasons at Bouider, and in 
1992/93 also in Breda and Hassake. All environments were 
severely stressed with grain yield ranging from 340 kg@ to 
755 kg@ and total biological yield from 1987 kg/ha to 3488 
kg-. Table 10 shows grain yield and total biological yield of 
the best four lines compared with the seven checks. 

One line derived from the cross SI5 39-60/H. spntaneum 
41-1 yielded more grain and total dry matter than the checks. 
Arta was the shortest entry (26 cm) and Zanbaka (34 an) the 
tallest (Table 11). The 74 lines ranged from 29 to 40 cm (48 
lines were taller than 35 cm) . 

Scone lines combined @roved plant height under drought 
with the tillering ability typical of syrian landraces (Table 
11). The three lines highlighted in bold in Table 11 are of 
particular interest, since they were also selected for grain 
yield and total biological yield. 



Table 10. Grain yield (average of 6 enviroments) and total 
biological yield (average of 5 environments) of four lines 
derived fran crosses w i t h  If. sptaneum aanpared to seven 
checks. 

Grain yielda Total biological 
(3ross/Name 

@/ha 
yielda 
@/ha 

SLB 39-60/H. spntaneum 41-1 821 f 326 3437 f 600 

checks 

WI2291 

Tachnor 

Zanbaka 

Arta 

Harmdl 

A. Aswad 

A. Abiad 

a f Standard deviation. 

This new type of germplasm, combining desirable t r a i t s  
f m  both lardraces and H. spntanem, is now ready t o  be 
tested on large scale. Its expected advantage is a reduction in 
the f r q e n c y  of t i m e s  fanners are not able t o  ccrmbine-harvest 
the crop because of reduction i n  plant height. 

Some of the H. spntanewn 41-l/Tachnor l ines Shawn in 
Tables 10 and 11 are resistant t o  mea t  stem sawfly and have 
been tested for  water use efficiency. Detailed results are 
reported in the Entconoloqy and Physiology sections, 
respectively. - 8.  Grand0 



Table 11. Plant height (average of 6 e n v i r o ~ t s )  and mnnber 
of fertile t i l l e r s  per $(average of 5 emriro~nnents) of six 
lines derived fmm crosses w i t h  H. s p w  canpared t o  seven 
checks. 

Plant heighta mmker of 
tillers? 

If. span- 41-1/!Cadnor 35.3 f 7.6 359.2 2 75.3 
H. spntaneum 41-S/Tadmor 38.6 f 7.6 343.2 + 84.7 
H. spantaneum 39-2/Tadmor 33.2 + 6.7 343.1 f 89.2 
SIB 56-83/H. spntaneum 41-5 39.3 2 10.3 332.2 f 95.2 
H. spntaneum 41-1pamr 35.2 + 8.4 331.6 f 106.3 
SLB 39-60/H. spantaneum 41-1 31.4 2 7.5 326.6 f 103.1 

Checks 
WI2291 
Tadmor 
Zanbaka 
A r t a  
Harmal 
A. Aswad 
A. Abiad 

a f Standard deviation. 

2.1.8.  Differences in Seminal Rcot Morphology 

Differ- in root morphology between barley genotypes were 
first observed in a study on wleoptile length. The differences 
were investigated in a highly wnsistent series of experiments. 
An example is shown in Table 12. Modern germplasm and lardraces 
have similar seed weight and n-r of seminal mots. 

X. spntaneum has consistently smaller seeds and fewer 
seminal roots than cultivated barley. Landraces have longer 
seminal roots than modern cultivars. H. spntaneum and modern 
germplasm do not differ in total root length, thus showing that 
the wild progenitor of cultivated barley has fewer and longer 
seminal roots than modern gerqlasm. In addition the seminal 
roots of H. spntaneum had smaller diameters (not reported 
here) . The adaptive value of these differences is unclear. - S. 
Grand0 



Table 12. Seedling characteristics in three different barley 
germpl= gmups. 

alaracter 
?Lpe of germplasm 

Modern Landraces H. smntaneum 

Seedweight mean 49.4 a* 51.6 a 28.5 b 
(w) range 37.4-64.4 36.8-65.2 19.8-36.5 

Rmt number mean 5.9 a 5.9 a 3.8 b 
range 5.2-6.6 4.8-6.8 3.5-4.0 

Max root mean 72.1 b 96.1 a 85.4 ab 
length (m) range 48.6-88.2 74.7-119.7 65.5-102.1 

Total root mean 270.2 b 396.9 a 239.2 b 
length (nun) range 187.7-314.0 301.3-564.0 170.3-317.7 

Within rows, means followed by the same letter(s) are not 
significantly different at the 0.05 probability level. 

2.2. Winter an8 Facultative Barley lh!p3vement 

The winter and facultative (W & F) barley project develops 
hpmed germplasm tolerant to stresses; trains technical staff 
of the NARS; and develops linkages with other institutions 
wiLlin WANA and elsewhere. 

2.2.1. Breedhg for Drought and Heat lblerance 

Grain yield of cold-tolerant lines was assessed under moisture 
stress and high terminal temperatures at Tel Hadya and Breda. 
Genotypes with strong vernal gene(s) were lower yielding than 
spr- and facultative types due to their longer grawth perid. 
Lines with moderate vernalization and weak photoperidism 
requirements performed well. 

High yielding lines at both sites were mainly facultative 
types indicating their adaptability to different stresses 
(Tables 13 and 14). These were also high yielding at other 
sites showing the suitability of Breda and Tel Hadya as testing 
sites for moisture stress and terminal heat. At Tel Hadya 
and Breda same entries, including CWB117-5-9-5 and 
Roho/Mazurka, yield the same as the drought resistant checks 
indicating the possibility of recombining desirable traits. A 
high positive correlation between cold tolerance and yield was 
observed in Turkey and Krasnodar (Russia). It is of interest 
to knm if cold tolerarce is associated with lower yields. At 



Tel Hadya there was no wld damage on spring types. The wld 
tolerance rating at Kazan Research Farm in Turkey, ranged from 
score 2 to 5. 'Ihe coefficient of correlation between wld 
tolerance at Wzan and yield at Tel Hadya was 0.06, indicating 
that negative relationship between these two traits can be 
avercome by breeding. 

Table U. Grain yield (kg/ha) at Tel Hadya. 

Line IWFBYT m r r  IWFEON WFPBSN WBEL 

Rihane 3 
Salmas 
rnw 
A. Abiad 
A. Aswad 
No. of lines 
Mean 

Top lines: 
Nr. >Best Check 
CWB117-5-9-5 
Wal fa j er 
Roho/Maz.//I CB... 
CWB117- .../ ICB... 
Ceir AllalOO//Cel 
I S D  0.05 

Table 14. Grain yield (kg/ha) at B e .  

Line mrr m m  TWFEON 

Rihane 3 2944 2933 2500 
Sahs 2244 2660 2000 
Tokak 2411 2544 2812 
A. Abiad 2788 2833 
A. Aswad - 2500 
NO. of lines 24 24 150 
Mean 2108 2176 2425 

Top lines: 2833 
Roho/Mazurka 2755 
Ligneel31/A. Abiad 
CWB22-6-13/ICB102 893 3125 
YEA 762.2/YEA 605.5 3187 
LSD 0.05 536 560 610 



The highest yield of 7300 kg/ha was obtained in WFBEL for a 
moderately cold-tolerant line. Many lines (CWB 117-77-97/ICB 
102 893, Roho/Mazurka//ICB 103 020) had excellent cold 
tolerance in Kazan and outyielded Rihane 3 and Salrras at Tel 
Hadya (Table 15). 

Table 15. Performance of top yielding w i n t e r  barley lines at 
Tel Hadya. 

Line Cold Grow. Head YLD, 
tol.* vig.* date kg/ha 

Sam 3 5 16.04 4964 
Rihan3 
Tokak 
Rihan 3/ICB105 932 
ICB102 998//Alger Cerffi... 
RO~O/M~ZU~~~//ICB~O~ 020 
ROho/Mazwka//ICB103 020 
ICB 101 669//Gaines/0retS' 
Chi an/An57//Albert/3/1 CB... 
Kitchin/Mdlers Heydla//Sal . 
Deir AllalO6/Cel/4/Cel. . . 
Zarjou/80-5151 
ICBlO2 998/3/Alger Ceres... 
Rihan 3/Lignee640//ICB.. . 
CWB117-77 .../ ICB102 893 
CWB117-77 .../ ICB102 893 
CWB22-6.. ./ICB102 893 
LSD: 0.05 

** 
* : Cold tolerance 1-5 (I susceptible; 5 resistant). 

: GrcxJth vigor on 1-5 scale (1 = poor vigor; 5 very 
vigorous) . 

2.2.2. Breeding for Abiotic and Biotic Stress Tolerance 

Genetic variation in cold tolerance, growth habit, 
vernalization requirement and photoperidism response play a 
vital role in the adaptation of germplasm. The germplasm needs 
of major barley gr0wii-q areas are different arid must be met by 
using locally adapted varieties such as: Tokak, E d b u l  
(Turkey), Zarjau, Star, Walfager (Iran), Baluchistan 
(Pakistan), Cyclone arid Monolit (Russia) as checks and 
oamparing selections with them to understand the behavior of 
agronumic traits in different environments. Different sets of 
entries are assessed for cold, drought, disease tolerance, 



earliness and yield in many countries. 
The selection of many lines on the basis of cold 

tolerance in Kazan and IEJssia (Table 16) indicates progress 
made in incorporating cold tolerance gene(s) into the 
germplam. Beside cold, Kazan is also a hot spot for boron 
toxicity and field evaluations at this site and Breda showed 
many lines tolerant to boron toxicity. 

Many lines had gccd tolerance to FyrerIomra tenx and 
Fuccinia hordei. Many awnless genotypes from the Winter 
Hardiness Uniform Nursery (of U.S.A. origin) possess high 
levels of resistance to Fyrenopbora teres (net blotch), 
Erysiphe graminis f. sp. hordei (powdery mildew) and same to 
Fuccinia hordei (leaf rust). 

Table 16. Breedhq of winter and facultative barley for 
abiotic and biotic stress tolerance. 

N W r  of lines selected for 

Tolerance to 

Musery Total Cold Drought Disease Earliness Yield Total Freg. 
( % I  

Germplasm 282 54 33 48 62 101 35.8 
Cold-data from Turkey and Russia 
Drought-highest aqmnomic.1 score at Breda, Syria 
Disease-camplex tolerance to three diseases in wet site 
in Krasncdar Region 

Some Chinese lines showed unnplete resistance to net 
blotch; and two had excellent cold tolerance and resistance to 
boron toxicity and were the earliest of the material. These 
lines should be excellent parental material. The use of exotic 
material in the W & F barely project has considerably expanded 
the genetic base. 

2.2.3. Performance of 2-Faw Versus 6-Row Barely Types 

Traditionally in Turkey two-rowed varieties are daminant mile 
in North Africa, Iran and Pakistan six-rowed ones are widely 



cultivated. The advantage of two-rowed types over six-m types 
under stress was shown by S. Ceccarelli & S. Grand0 (Annual 
Report, 1992). An analysis of the advantage of two- m e d  over 
six-rowed winter barley material was made covering 586 two- 
rawed and 294 six-med lines, tested in different locations 
(Table 17). 

In scone nurseries and locations six-med types were 
higher yielding, but in stress environments two-rowed genotypes 
had a yield advantage of 6 to 22 %. In Krasncdar, with 
sufficient late precipitations, six-rowed barley had a yield 
advantage of 3-17 % over 2-row types. - M. Tahir, V. Shevtsov 

Table 17. Relative yields (%I of two-rowed and six-rowed - . . 

winter barley lines. 
Nursery Head No. Testing sites 

type Of Tel Breda Kazan Haymana Krasnodar lines 
Hadya 

IWFBYT 2 10 100 100 100 100 100 

2.2.4. Earley Breeding for Cold Tolerance 

FUssia and Turkey provide excellent sites for cold tolerance 
research. T h e  r m c h  carried out. under collaborative 
arrangements is reported here: 

2.2.4.1. Evaluation at Itrasnodar, FUIssia 

Winter barley nurseries were evaluated in the field and in 
freezing chambers for cold tolerance. Also, 145 1- lines 
selected in previous years were tested for yield and adaptation 
in preliminary trials. 

In 1992/93 weather conditions were close to normal. 
Urder field conditions only cold-susceptible genatypes such as 
Rihane-3 and S a h s  were damaged by frost. 

'Ihe level of infection of the economically important 
diseases Fyrenophora tteres (net blotch), Fuccinia hordei (leaf 
rust) and Erysipk graminis (paJdery mildew) was moderate and 
only very early plantings were affected by Barley Yellow Dwarf 



Virus. Yields averaged 4.5 t/ha wer 405,000 ha. Experimental 
plots yield ranged from 3 to 8 t/ha. 

The level of cold tolerance in ICARDAfs germplasm is 
increasing yearly. About 60 % of lines equalled or fllrpassed 
the local checks for winter survival. A set of 615 ICARDA 
lines was tested for cold tolerance under controlled conditions 
in freezing chambers at two t-tmes, - 10°C and - 1l0Cf 
and in concrete beds at Krasncdar and at the Kuban Branch of 
the Institute (200 km to the north) . Good differentiation was 
obtained: lines with 0,50 and 100% survival were identified. 

The IWBC had a high level of cold-tolerant prental 
lines. The only susceptible lines were 18 hulless spring 
barley lines, but genetic variation for this trait existed. 

In the WFBON, half of the lines were of 75-100 % survival 
class. Some of them were as cold-tolerant as the best 
winte?Aardy variety Tokak (Fig. 2) . 

ICARDA mterial possessed good resistance to Pyrenophora 
teres, moderate resistance to Fuccinia hordei, and below 
average resistance to Erysi* graminis, though lines with high 
resistance to each disease and cambinations were identified. 

0 1-25 26-50 51-75 76-100 

Survival (96) Class 

Fig. 2. Cold tolerance in winter barley under artificial 
freezing at -llOc 



An excellent line showing multiple disease and cold 
tolerance and with good phenotypical stature with a two-rowed 
dense-head is IcB 101294 which is a valuable parent in future 
crosses. 

The two-rowed line Kenya Research/Belle has been used 
frequentally as a parent with excellent performance in a wide 
range of environments. 

The early ripening two-rowed cold-tolerant line ICB 
100081 has a high rate of initial growth, resistance to major 
diseases (net blotch, leaf rust and powdery mildew) and stress 
(cold arid drought) tolerance. At Tel Hadya, it yielded 116 %, 
at Breda 120 % of the best check. 

The 6 row American variety Pike has good cold tolerance 
and agronomic score and has a high selection frequency; it 
should prove a useful parent. Many awnless lines from Winter 
Hardiness Uniform Nursery have good resistance to Pyt-enophora 
teres, Erysiphe gr&s and some to Fuccinia hordei. These 
include line VA 89-42-9, Trifurcatm form Z M  477 and Wysor. 
They have good frost tolerance, yield close to local check 
A-Abiad and have multiple disease resistance. - V. Shevtsav, 
M. Tahir 

2.2.4.2. Evaluation of Grazing Types at Krasnodar (Russia) 

Grazing and straw feeding varieties should be smooth-awned. 
UseN genotypes include ICB 107766 (Wkish origin belonging 
to Botanical subspecies-ricotense) which is more cold tolerant 
than Tokak, and is resistant to three diseases. Another line, 
NE 89-725, with six-rowed smooth-awned dense heads, highly cold 
tolerant and resistant to net blotch and leaf rust was 
identified. Action, a tall-stemmed Canadian variety, was 
tolerant to net blotch, scald, and cold did not show boron 
toxicity. 

A set of Chinese varieties with high resistance to Net 
Blotch were selected. The early line ZDM 477 had high 
resistance to rust and net blotch and good resistance to 
pwdery mildew as well as resistance to excess boron. 

In yield trials, the line CWB-117-5-9-5 was selected at 
ICARDA from Cambridge material. This line is a typical 
European type with stiff straw, high tillering capacity, 
comparatively late in maturity, resistance to leaf diseases, 
good two-rowed spikes with uniform grain. It perform well in 
both dry and wet conditions. For the last three seasons it has 
ranked among the top yielding lines at ICXlLlA. This season it 
was tested at three sites in Krasnodar region and it performed 
well every where (Table 18). The yield potential of this line 
is high (Table 19). Wlt more remarkable is its good 



perfomaxe in both wet and dry conditions. 

Table 18. Relative yields (% of check) of sane ICARDA 
w i n t e r  barley lines at during 1992 and 1993. 

1992 1993 
Line/variety 

WFBm WFBCB WFBYT WFBPYT 

Vavilon (check) 100 100 100 100 

2.2.4.3. Evaluation in Turkey 

In collaboration with Field Crops Central R m c h  Center, 
Ankara, evaluation of advanced material was carried out at 
Kazan and H a m  Research Farms. 

Weather conditions in a u t m  were not favorable for 
seedling growth and by the end of March plants were only at the 
2-3 leaf stage. 

Cool weather and good rains in May and June allawed the 
development of hi* biomss and plant heights of 80-110 un. 
Diseases did not affed most lines seriously although some 
were badly affected by scald and barley leaf stripe. 

The min yield wnstraints were cold and drought at all 
testing sites, and boron toxicity and poor soils (low oryanic 
matter, sandy and gravelly) in Kazan. ?Chis year cold stress 
was so severe that despite good conditions for recovery in 
spring, genotypes with low agronomic score yielded poorly 
canpared to cold tolerant lines (Table 20). 



Table 19. Performance of previously selected IcnmA 
w i n t e r  barley lines, in preliminary yield trials, 
Krasrtodar, 1993. 

Disease YLD 
Pedigree GR CDT 

score % 
Vavilon 7 94.2 
Sonata 8 41.2 
-/WA 8 64.3 
2196-68 
WAl245/B 7 62.5 
67-1623 
YFA541.1/ 8 42.1 
YEA606.1 

Z a r j o n  8 8.6 
S'=P~/ 7 80.0 
Lignee64 0 

CWB 117- 9 94.1 
77-9-7 

CWB 117- 9 82.1 
5-9-5 
80-5 001 8 80.0 
Nebelia 6 71.8 
Vavilon 7 88.9 
=w/SW/ 80.0 
WAl094 
Alpha/- 8 93.3 
Skorokhcd 6 100 
XemuS 8 41.2 
Rihane-03 9 0.0 
Milo 8 49.4 
80-5 001 9 73.7 
Marinka 8 53.3 
Alpha/IXlrra 8 77.8 
Wal faj er 8 8.4 
Kavir 9 0.0 
NC 83-18 7 100 
Vavilon 7 94.2 
Cyclon 7 94.5 
UA 84-44 7 77.8 
ICB100002 9 64.7 
ICB 105 972 8 47.6 
ICB 100 051 8 14.3 
IDM 2543 7 33.3 
Vavilon 7 94.5 

90 8 8 6 
95 7 7 5 
95 6 7 7 

forst killing 
90 6 8 7 
90 8 7 7 
85 6 7 7 
85 8 6 6 
80 3 7 5 

frost killing 
100 4 7 7 
90 8 7 6 
100 5 7 7 
95 5 7 7 
110 5 7 7 
100 8 7 6 
110 7 7 8 
95 4 8 7 
90 8 7 6 

LSD 0.05 9.2 420 



Table 20. Relationship between cold tolerance and mean 
yield in various cold tolerance groups of w i n t e r  barely. 

Average yield, kg/ha 
Cold Kazan 

tolerance class 
(-re) m Y T  m Y T  IWF'BYI m Y T  

At Haymum the top yielding entries were Monolit, K-253, 
hrecoce, 73TH/105 from IWFBYT, Cyclone, Star,  Novator, Victoria 
from IWFFAYT. Victoria failed at Tel Hadya and Breda due to 
insufficient drought tolerance, lateness and boron 
susceptibility. Most lines had good cold tolerance which was 
correlated with yield (Table 21) . 

Table 21. Coefficients of correlation between main criteria 
for selection in Turkey 1993. 

Characters H a m  Xazan 
IWFBn m n  mYT lwFmYT 

Cold tolerance-yield 0.70 0.86 0.82 0.92 
Agronomic score-yield 0.75 0.90 0.72 0.92 
Cold tolerance- 0.57 0.86 0.86 0.93 
aqronamic score 

Yield level in Haymana was twice that of Kazan, yield 
rankings were similar (Table 22), the rank correlation 
coefficient being r = 0.52. 

At Haymana three lines yielded significantly more than 
the local check Tokak, and 10 lines had similar yields to Tokak 
but better disease resistance and cold tolerance. 

At Kazan boron toxicity is a serious problem and law 
yielding lines were susceptible to boron toxicity. Many 
resistant lines were identified. 

The highest yielding lirIes at both sites were six-wed 
varieties from Krasndar indicating similar soil and climatic 
conditions. Some of the Russian lines also have higher levels 
of winter hardiness and cold tolerance than locally improved 



varieties. Six lines were selected for future yield trials. 

Table 22. Yield (ka/ha) of winter barlw lines f m  . <, . * 
IWFBYT, -key 1993. 
Varietv H a m a  Kazan .. 

yield rank yield rank 
Monolit 7879 1 3873 2 
K-253 
Precoce 
73 lX/105 
Rohur/j -126 
NY 005-18 
Tm-92 
WE3 117-509-5 
*m 
TX 850 706 
1246/78//1246/105 
Dic-b-Msp 
Tokak-check 
Salmas-check 
Rihane3 -check 
LSD 0.05 

Almost all F2 segregating populations had g o d  cold 
tolerance, although residual heterosis m y  have favored 
overwintering. The best 306 populations were harvested for 
future testing at Kazan and Ulas. Furthermore, on the basis 
of agronomic score, and cold tolerance 63 lines out of 482 WBEL 
(Winter Barley Elite Lines) were selected for further testing 
at several locations in Turkey. - M. Tahir, V. Shevtsav 

2.2.5. Effect of High Boron on Barley Grain Yield 

Four high yielding, cold tolerant lines derived from a cross 
involving Zarjou (boron tolerant) and No. 80515 (boron 
susceptible) were compared with the high yielding cold and 
boron tolerant variety Wllbul at Kazan and Tel Hadya (Table 
23). 

The boron susceptible lines WBEL459 and WBEL462 
develqxd necrotic spots under excess boron conditions of Kazan 
whereas the other lines did not. 

All selections had significantly higher yields than 
Wilbul at Tel Hadya under n o m l  soil conditions and there was 
no significant yield difference between them. However, at 



Table 23. Perfonuance of winter barley lines w i t h  different 
boron sensitivity 1993. 

m t  lmmY TEL HADYA 
Reaction Cold Yield, % of Yield, % of 
to excess toler. kg- check kg- check 
boron score 

WBEL456 Zarjou/ Tol. 5 5800 145 5200 117 
80 5151 

WEm-459 Zarjou/ Sen. 5 3348 83 5250 118 
80 5151 
Wilbul Tol. 5 4000 100 4420 100 

WBELr462 Zarjou/ Sen. 5 3556 89 5300 120 
80 5151 

-465 Zarjou/ To1 . 5 5044 126 5700 128 
80 5151 

LSD 0.05 456 663 

Kazan, despite similar cold tolerance and disease resistance, 
the boron susceptible lines (-462 and WBEL-454) &awed 
toxicity symptoms and yielded significantly less than their 
boron resistant sister lines. The highest yielding boron 
resistant line WBEL456 produced 5800 kg/ha, cmpred to 3348, 
and 4000 kg-, for the boron susceptible line WBEL459 and 
local check Wllbul, respectively (Table 23) . The 73 & 51 % 
higher yield of boron resistant lines capred to the 
susceptible line (WBEL459) shows barley produdion can be 
significantly increased by developing resistant cultivars for 
these problematic soils. 

2.2.6. Breeding for Quality 

Beside high yield, improved quality characteristics such as 
protein % and high grain weight under stress wrditions are 
important. Screening and evaluation for quality is carried out 
on all adv- and genetically stable material as well as on 
the crossing block lines. Lines in four nurseries (IWFBCB, 
WEON, PEN, IWFBYT) and the widely grown check varieties 
(mkak, Riban, Wllbul, and Arabic Abiad) were evaluated for 
protein (%) and thousand-kernel weight (TKW) . 

The frequency distribution for protein (%) and thousand 
kernel weight (g) for the tested material are presented in Fig. 
3 and Fig. 4. The protein content ranged from 7.8 to >la%. 
The low protein lines originated from WANA. 
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Fig. 3. Protein distribution in winter barely breeding 
material, 1992-93. 
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Fig. 4. 'Ihousand-kernel weight, distribution in winter barley 
breeding material, 1992-93. 



The majority of the improved germplasm in the PBSN and 
RBYT had a protein content f m  13 to 18 %, wmpared to 15, 
11.5, 12.7 and 12.2% in check varieties Tokak, Rihan, Wllbul 
and Arabic Abiad, respectively. 

T h m  - kernel weight ranged f ram 20 to 58 g . H m e v e r  , 
a major portion of the tested material was in the range of 35- 
459 which ampares favorably with 39, 33, 39.4 and 39.2g for 
the check cultivars, Tokak, Rihan, Wllbul and Arabic Abiad, 
respectively. 

Gserally, there is a negative correlation between high 
TKW and % protein. A few lines with high TKW and % protein 
were identified am3 are listed in Table 24. 

Breeding to combine these two traits has been successful. 
'Ihree lines PBSN-76, WFBYT-12 and WFBYT-71 had more than 16% 
protein and heavier grains than the checks. 

Research on hulless barley intensified over the past two 
years. A nmber of high yielding lines of naked barley have 
been identified. However, their quality characteristics as 
huroan food have not yet been determined. - M. Tahir, V. 
Shevtsav, F.J. El Harameh 

Table 24. Selected lines w i t h  high % protein and 1000-kernel 
weight (TKW) selected fma winter barley nurseries, 1992-93. 

Line/Cross F'rotein TKW (g) 
( % I  

IWFBCB-42 Fe?qa/S.W.//WA1094-67 15.5 42.0 
IWFBCB-86 YEA 541.1/YEA 605.20 15.4 43.0 
IWFBCB-105 Scotia 1pA 1356-70 15.7 43.0 
IWFBCB-149 Viringa "St' 15.4 43.0 
WBON-76 3433 Gb/Tok 11 16.4 42.5 
PBSN-29 Roburm 2196-68 15.5 41.1 
PBSN-62 ICB 101 823 15.6 41.3 
PBSN-76 ICB 100 024 16.5 45.8 
WFBYT-12 73 1H/105//E10 Wllk CI 7321 16.0 48.1 
WFBYT-21 1246/78//1246/105 15.2 42.6 
IWFBCB-17 ICB 100 002 14.5 47.0 
IWFBCB-22 Obruk-86 13.8 48.0 
IWFBCB-85 F'riberga 14.3 47.0 
WBON-38 Kami&/E%dts67-875//WAlO94 14.1 47.8 
WBON-46 ICB 101 302 13.1 50.0 
~ m ~ - 5 8  4679/105//YFA 455-25 13.5 47.5 
Checks: Tokak 14.6 42.2 

Rihane 3 12.6 33.0 
Wllbul 12.7 39.4 
Arabic Abiad 12.2 36.9 



2.3. I w C I W Y T  Barley mPj& 

This report emphasizes breeding activities on hull-less barley. 
In 1993, barley breeding activities in the ICARDA Program at 
CIMMYT concentrated on the developat of hull-less types for 
national programs, as a direct response to a greater demand for 
this type of grain. 

The breeding praxdures are the same as those used for 
covered barley. The major selection pressures are for disease, 
resistance, larye grain size, color and threshability. 

Yield potential is not the key element for making the 
final decision on releasing new hull-less varieties as quality 
traits are important in farmers adoption. 

2.3.2. Nursery Size 

The 1993 breeding. locations were El Batan and Toluca 
Experimental Stations (summer) in central Mexico and CIANO 
EXperimental Station (winter) in northwestern Mexico. Wing 
the winter some 300 crosses were made using hull-less cultivars 
(33% of all crosses). About 2,500 F3 hull-less progenies (50% 
of the total) were planted at CIANO. The 112 entries in the 
achrancd hull-less yield trials grcswn under rainfed conditions 
at El Batan were a record nmber. Half were re-tested under 
irrigation at CIANO. High yielding lines were distributed 
internationally. 

2.3.3. Yield Performance 

None of the hull-less lines equaled the covered check yields 
(Quina) at El Batan. The highest yielding hull-less line 
yielded 13% less than Quina (Table 25). 

Table 25. Yield (t/ha) for mered and hull-less barley lines 
in El Batan, flnmer 1992, and CIANO, winter 1992-1993. 

Lines Batan CIANO 

Quina (covered check, 6-row) 5.3 3.7 
Aleli (covered check, 2-row) 4.8 2.9 
Agave/Colorin//Zaraza (hull-less) 4.6 2.9 
Lino (hull-less) 4.3 3.7 
SE+ 0.24 0.17 



At CIANO, Wina and the hull-less line Lino yielded the 
same (3.7 t/ha) . Quina's yield was affeded by spot blotch, 
which appeared in epidemic form at CIANO. Lino, a spot blotch- 
resistant line, did not suffer yield redudion. 

Traditionally, lower yields of hull-less barley have been 
attributed to the lack of husk, equivalent to 10-13% of the dry 
weight of cavered barley. Hawever, Bhatty (1986) proposed that 
a lack of research was the cause of low yields. 

2.3.4. Quality of Hull-less Barley 

Increasing interest in hull-less barley is because of 
increasing international trade;for the first time in history, 
15,000 tons were purchased by Japan from Canada. 

rXlrkg 1993, Canada released Falcon, and Australia 
released N m i  for New South Wales. Both are hull-less and 
derived from 1- germplasm. 

In 1992, Ecuador released A t a h u a l p  and Bolivia is 
increasing seed of Viringa. Both cultivars can be traced back 
to ICARaA germplasm and have, large white grains. These are 
valued by farmers, who utilize barley as food and the seed 
cormMnds high price. 

Cooperation between Alberta, Canada and ICARDA/CIMM!iT 
barley project increased in 1993. The best hull-less lines 
£ram the two proqamj were interchanged for observation. Our 
program will use Alberta's data on the quality parameters 
(protein % and digestible energy) . 

2.3.5. Yield, Protein, and Hectolitre Weight 

Kernel weight and hectolitre weight are closely associated with 
same nutrients. These parameters are controlled in part by 
genotype, but are heavily influenced by the environment (Newman 
1992). 

An inverse relationship was found between yield and grain 
protein content for hull-less barley lines tested under rainfed 
conditions at El Batan (Table 26). Tne hull-less lines with 
protein content above 13% yielded from 2.9 to 3.8 t/ha. By 
contrast, lines yielding more than 4 t/ha, had protein levels 
from 8.7 to 12.3%. 



Table 26. Yield (t/ha), protein Content, and hectolitre weight 
of hull-less barley lines at  E l  Batan. 

Line No. Grain Hectolitre Yield 
protein weight 

% 
t/ha 

C W m )  

2.3.6.  Multiple Disease Resistance 

To enhance adoption of hull-less varieties, we breed for 
multiple disease resistance. A variety carrying resistance to 
several diseases is more stable in yield. In Latin America, 
where the climate is favorable, the most important disease is 
stripe rust (race 24). Since its appearance in Colambia in 
1976, race 24 is f o W  in most countries, from Mexico to Chile. 
Recently, it was reported in Colorado, USA. 

Hull-less barley is important in the Himalayas. Tibet and 
Nepal are interested in stripe rust-resistant germplasm, 
although the races of stripe rust are different from those 
present in the Americas. 

In addition to stripe rust, we are incorporating 
resistance to leaf and stem rusts, scald, BYDV, and spot 
blotch. For example, in the ICARDA/Canadian cooperative work, 
crosses to Colador and Falcon, two of the best feed quality 
hull-less barley varieties from U r t a  were made in 1993 to 
incorporate resistance to stripe rust, leaf rust, scald, and 
barley yellow dwarf virus. 

The best hull-less cultivars carrying multiple disease 
resistance are presented in Table 27. Higo and Lino, although 
resistant to leaf rust in Mexico, were susceptible in 1993 to 
a new race present in Ecuador. Monitoring virulence changes in 
target areas is essential when breeding for disease resistance. 



2.3.7. Disaavantages of Hull-less Barley 

Seed germination has not been reported as a major problem in 
Canada where hull-less barley is grown on a large scale. 
H m e v e r ,  countries w i t h  limited experience in producing hull- 
less barley could have problems due t o  mishandling. The embryo 
of hull-less barley protrudes and is easi ly  damaged in 
threshing. Careful adjustment of machinery is essential. 
Increasing the  seed rate by 15-20% is also reammended t o  off- 
set reduced gennimtion. 

Table 27. Mill-less barley cultivars w i t h  multiple disease 
resistance to races present in W c o .  

Cultivar Rust Scald Spot BYDV 

name Str ipe Leaf Stem 
blotch 

R = Resistant, MS = Moderately susceptible, ME? = M o d .  
res is tant ,  S = Susceptible, T = Trace. 

In  breeding hull-less barley, f ree  threshing ab i l i t y  
(i.e., separation from adhering hulls)  is an important trait. 
Adhering hul ls  lower nutri t ional quality for  mnogastrics. 

Seed of hull-less barley can be contamhated by covered 
types. Hull-less barley must be planted in a well planned 
mtation.  In  Mexico, where barley is planted as a mnoculture, 
seed contamination was found in farmers' f i e lds  when hull-less 
typeswereused. 

White kernel color is preferred by many farmers arfi by 
small industries manufacturing barley products in the Andes 
and Asia. No information is available whether white grain is 
related t o  sprouting in the spike, but this may be a problem. 

2.3.8. W1-less Barley for Different Markets 

Several types of hull-less barley may be needed fo r  dif ferent  
markets. 



limnan food market: Hull-less types with a high B-glucan 
corkat were found to interfere with fat absorption. Genotypes 
with the waxy gene were found to lower cholesterol levels. No 
effort has been made to breed for this. 

Swine-poultry market. Hull-less type may increase the 
digestible energy of barley by 10-15%. 

In the program, we are using Condor, Falcon, and other 
Canadian lines to incorporate high protein and eneryy 
digestibility into the breeding material. These two quality 
parameters are comptible with our goal of producing large, 
plump kernels for humn food. New lines developed in Denmark 
with high lysine and yield potential are ocsrp3etitive with 
mered varieties but have small seeds. In the Andean 
countries, fanners pay up to double for a large pimp hull- 
less barley. 

2.3.9. Hull-less Barley Varieties Released 

Five countries have released hull-less barley varieties from 
ICARDA/CIMMYT germplasm sent from Mexico: Australia (Namoi) , 
Brazil (Acumi) , Canada (Falcon) , Chile (Centauro) , and Ecuador 
(Atahualpa) . Bolivia will probably release a variety in the 
near future. The area sown under these hull-less varieties is 
relatively small, but increasing. - H. Vivar  

2.4. Adaptation of lines derived f ran H o m k m  spizinam x 
Barley crosses 

Earlier work has demonstrated the importance of wild 
progenitors for improving adaptation of cultivated barley to 
harsh Mediterranean environments. As Hordeum spntaneum (HS) is 
distributed in the driest areas of the Fertile Crescent it may 
contribute useful genes for tolerance to abiotic and biotic 
stresses. 

Numerous crosses using HS have been made and two crosses 
using E with Tachnor (local landrace) arid W I  2291 (an improved 
Australian line) were selected for detailed study. Thirteen F, 
progenies and the three parents were evaluated in seven 
environments in Syria. Figure 5 shows the mean grain yield of 
the progenies (11 Tachnor arid 2 W I  2291) against grain yield of 
the two domesticated parents. Mean yield of Tadnor progenies 
was generally better than the W I  2291 progenies particularly in 
more favorable environments. Though the mean grain yield of 
the Tachnor progenies was not better than Tachnor, individual 



progenies exceeded the parent while in the W I  2291 cross 
progenies were inferior. In addition, all progenies were 
taller than their parents. ?his is important in dry, law 
yielding environments, where the progenies were, on average, 15 
an taller than the parents. - V. MahalaksM, J . M .  Peacock, I. 
N a j i ,  S. Grand0 

t.' , I I ~ 0 
0 100 200 300 400 500 

Grain yield of parent 

Fig. 5. Regression between mean grain yield of eleven Tacimor 
progenies and Tadmr [.I and mean grain two W1 2291 progenies 
and W1 2291 (A) in the 7 locations. 

In order to optimize resources for conducting trials 
efficiently and effectively a series of raw spacings and seed 
rates trials were conducted on barley, bread and durum wheat at 
three locations in northern Syria (Breda rainfed and, Tel Hadya 
rainfed and irrigated). 

2.4.2.1. Row Spacing 

The effect of increasing row spacing (10 cm to 40 cm) at 
constant seed rate on grain yield was not significant (Fig. 6). 
Hawever there was a trend for decline in grain yield with 
increase in row spacing in all three crops. Barley was more 





affected by inrreased mw spacing in the three locations and 
tkis was more marked at the dry site (Breda) . It was &served 
that weed growth was more in the wider m spacings. Ground 
carer occurred sooner in the narmwer m spacings because of 
better plant distribution. Wider row spacing with par ground 
carer would generally increase soil erosion. 

2.4.2.2. Geed Rate 

To determine the optimum seeding rate to maximize grain yield 
and grain size in bread wfieat, five seeding rates (50 to 250 kg 
h-') were campared at Tel Hadya under rainfed and irrigated 
conditions. 

?here was no significant difference between seed rates 
under rainfed and irrigated conditions (Fig. 7) though there 
was a declining trend with increasing seed rate under rainfed 

453 4 0  
Tel Hadya rainled .,,,, yieM 39 

s? m 30 - 
0 !a loo I50 200 250 m fi - 
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Seed rate (kg ha ') 

Fig. 7. Relationship between seed rate and grain yield and 
grain size under rainfed and irrigated conditions at Tel Hadya 
1992/93. 



conditions. Seed size, hmever, was significantly reduced by 
increasing seed rate under rainfed conditions. Water use 
efficierq did not differ among the seed rates under irrigated 
conditions and declined after 100 kg ha-' under rainfed 
conditions (Fig. 8). Therefore, optimum grain yields can be 
obtained at lawer seed rates (100 kg ha-') which also ensure 
good grain size under rainfed conditions. Under irrigated 
conditions the highest yield can be obtained at 150 kg S' with 
no effect on grain size. It should be recognized that these 
results are site specific as the interaction with cold was not 
examined. - I. Naji, V. Mahalakslmi, J. Hamblin, J.M. Peacock 

16 ._. \\, 
14 - \, Rainfed 

', 

\'., 

. - A..~....~~~. *...~.--~ 
12 - L____. 
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,A...~ ....... -A 

Seed rate (kg ha-') 

Fig. 8. Effects of seed rate on water use efficiency under 
rainfed and irrigated conditions at Tel Hadya 1993/94. 

2.5. Barley Pathology 

The aim of the barley pathology research is to develop disease 
control strategies that are sustainable and of 1 m  cost to the 
farmer. Resistance is economically the most feasible method for 
disease control for a low input crop as barley and the 
hprovement of screening methodologies is the most important 
research cmponent of the barley pathology project. An active 



disease screening program is as well necessary to back-up the 
breeding project. Short falls in the feed grain production in 
the region requires an intensification of barley praiuction. 
This intensification and especially the tendency to replace the 
cereal - fallm rotation with continuous cereals will increase 
the hportance of soil and stubble borne pathogens. As little 
is knawn on the presence and importance of soil borne pathogens 
in the WANA region, we have given an increased attention to 
barley root diseases in the past years. 

Our studies on barley root rots are limited to fungi that 
affect plants in dry-land conditions. Work consisted of: (i) 
developent of methodologies to identify and quantify root rot 
pathogens, (ii) suzveys in Syria, Tunisia, Egypt and Turkey, to 
dccument the extend of the disease and to determine causal 
organisms, (iii) studies on the relation between crop rotations 
and m t  rot incculum, (iv) studies to determine losses caused 
by root rots both under experimental conditions after 
inoculation and under field conditions and (v) testing of 
cultivars for resistance. 

A large part of the barley root rot work in the past two 
years has been a collaborative effort with Dr Karen Bailey of 
the Agricultural Canada Research Station at Saskatoon. 

2.5.1.1. Developent of Detection Techniques for Root Rot 
-Uses- 

Detection of and distinction between root rot pathogens and 
soil saprophytes depends on the time of q l i n g  and the 
sampling and isolation techniques used. Experiments were 
conducted to find the m t  effective surface sterilization 
method, agar media and incubation environtnent. Incubation 
tapratwe was found to have a laqe effect on the recovery of 
Monographella nivalis, but not of Cochlioblus sativus (Table 
28). Recovery of M. nivalis at 20°C was low, even with samples 
frcnn plants that proved to be infested with this pathogen at 
8°C. ?his was probably due to the presence of fast growing, 
saprophytic, fusaria. Light during incubation did not have a 
laqe effect on recovery of M. nivalis, but helped in 
distinguishing between FLsarium spp. 

Our isolation methods allowed the handling of many samples. 
It consists of the follming steps: crown and subrrown 
internodes (SCI) were separated after washing and surface 
sterilization. Each crown and SCI was split in half and plated 



as  a pair  on two media, a general medium ( d e d  with 
antibiotics and fungicides t o  slow down fungal growth) and one 
selective for C. sativus ( d e d  w i t h  antibiotics and 
bmcsinyl) . Representative fungi w e r e  tested for pathogenicity on 
barley seedlings, grown in  culture tubes on solidified Hoagland 
nutrient medium under sterile conditions, in a growth chamber 
a t  20'C w i t h  1 2  h light/day. Three weeks a f t e r  inoculation the 
plants w e r e  scored for lesion development and plant mortality 
on a 0-5 scale. Isolates were considered to be pathogenic i f  a 
dark brown lesion of a t  least  1 cm length w a s  present on the 
base of stem (score 2 and higher). 

Table 28. Recovery of M. niva7is at low and high incubation 
temperature frun 45 root pieces, pair-wise plating. 

+' nmker of root pieces w i t h  (+) and without (-) M. nivalis. 

2.5.1.2. Survey for Root Diseases in Syria 

The past season was the second year of a systemtic  m e y  of 
the major barley growing areas of northern Syria. In 1993, 72 
barley f ields  were sampled during April and May, when plants 
w e r e  between early milk stage and maturity. Per f ie ld 50 plants 
w e r e  randcnnly pulled out and for each plant the number of 
f e r t i l e  tillers was  counted and the SCI rated fordiscoloration 
on a 0-5 scale. Presence on the roots of white cysts of the 
Cereal Cyst Nematode was recorded a s  w e l l .  In l a s t  year's 
Annual Report a sumnary of the root ro t  scores of the 1992 
survey w a s  presented. This year the pathogens associated with 
the 1992 survey were determined, using the techniques described 
above. In 1993 only plant samples w i t h  a SCI score of 4 and 5 
w e r e  so f a r  used for isolation. Table 29 summarizes the 
incidence of root ro t  (percentage of plants w i t h  a score of 3 
and higher) and pathogen recovery per region and per 
agricultural s tab i l i ty  zone. Results of the f i r s t  year's survey 
(Cereal Prcgram Annual Report 1992) , showing a higher incidence 
of root ro t  symptoms in the drier part of the surveyed area, 
w e r e  confirmed. No relation between the root ro t  score and the 
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nwS3er of fertile tillers was found. In both years cereal cyst 
mtodes were only found west of the Euphrates river. 

For isolations, plants were divided into three root rot 
categories: clean (score 0-1) , medium (score 2-3) and severe 
score 4-5). The recovery of C. sativus and, to a lesser extent, 
of M. nivalis, f m  the 1992 samples was related to the level 
of root rot symptoms on the SCI, while no differences were 
found for the red fusaria (Fig. 9) . Infection by C. sativus 
seemi to progress from the crown tissue to the SCI; 44 % of the 
infested samples in the medium category showed the infection 
only in the c m  tissue and 44 % both in crown and SCI; For 
the severe categories this was 21 % and 69 % resp. This 
relation was not present for M. nivalis; the pathogen was 
recavered from the SCI solely in 23 %, 26 % and 27 % of the 
infested samples in the clean, medium and severe category resp 
(Fig. 9). Isolation frequencies of C. sativus and M. nivalis 
were canpared between the higher (zone 1 and 2) and lower 

clean (n=298) medium (n=227) severe (n=611) 
Level of rwr rot severity 

crown only crown and SCI SCI only 

Fig. 9. Isolation of C. sativus, M. nivalis and red pigmnted 
fusaria frm plants with different levels of root rot on the 
sukrom intemde (SCI) . 



rainfal l  zones (zone 3 and 4 ) .  In both years C. sativus w a s  
more frequently isolated from fields  in the lmer rainfal l  
zones (P < 0.1 % and < 1 % for 1992 and 1993 resp.), while M. 
nivalis was more frequent in the higher rainfal l  zones (P = < 
5 % and < 1 % resp.). Also, the relative occurrence of both 
pathogens s e e m s  t o  be related t o  certain regions and, possibly, 
cultivation patterns. In A l  Bab, an area located i n  zone 2 
where barley is grown continuously, M. nivalis was present on 
60 % of a l l  samples in 1992 and 83 % of the severely affected 
samples of 1993, m i l e  recovery of C. sativus was only 6 and 14 
% resp. In the part of the Hama region located i n  zone 2 ,  where 
different rotation patterns are practiced, 36 % of a l l  1992 
samples and 71 % of a l l  1993 samples were infested w i t h  M. 
nivalis,  while C. sativus was found on 30 % and 33 % of the 
samples resp. 

The pair-wise plating of samples on two different media 
improved the recovery of C. sativus only slightly. Of the 1108 
root pieces plated from the 1992 survey, the ra te  of recovery 
w a s  30 % on the selective medium and 26 % on the general growth 
medium. The improvement of recovery rates by plating both SCI 
and crown on two different media, compared t o  plating crowns on 
the general medium only, was a l l  i f  weighted against the 
extra effort .  However, t o  compare the results of both years, 
the methodology was not changed for the 1993 survey. 

Figure 10 shows the percentage of isolates from the 1992 
survey w i t h  low (score < 2 ) ,  medium (score 2 - 3.5) and high 
(score > 3.5) levels of pathogenicity. Most C. sativus and M. 
nivalis,  but few fusarium isolates were pathogenic. 
Identification of the virulent fusarium strains  is presently 
being carried out by D r  Wuqess of the University of Sydney, 
Australia. 

In 1993 four wheat  f ields w e r e  also sampled. The level of 
root ro t  was lower i n  these fields than ii neighboring barley 
f ields  (Table 3 0 ) ,  indicating the higher level of resistance of 
wheat than barley. Samples of wild barley (H. spntaneum) were 
taken in  3 barley f ields  and in  one irrigated wheat field.  No 
difference i n  root ro t  was present between wild and cultivated 
barley (Table 30). Recovery of M. nivalis, but not of C. 
sativus, was lower from wild barley than cultivated barley. No 
C. sativus was isolated from the three durum wheat f ie lds  
sampled (f ields  425/11, 425/04 and 426/02), while a high level 
of infection was found i n  the single bread wheat f ie ld ( f ie ld  
426/03) surveyed (Table 30) .  

Welve fields in the north-east were sampled twice, once 
on 25-26 April ( l a t e  flowering - early milk stage) and once on 
23-24 May (maturity). The incidence of plants w i t h  a score of 
3 and higher increased in one month from an average of 51% t o  
83%. This shows tha t  root ro t  severity depends strongly on 



sampling time and plant develapment and warrants caution when 
oomparisons are made between regions and even fields, unless 
plant developent stage is clearly indicated. 

C. sativus (N= 48) M. nivalis (N= 42) red fusaria (N= 62) other fusaria (N= 73) 

low - medium - high pathogenicity 

Fig. 10. Pathqenicity of root fungi, isolated from q l e s  
with different levels of root rot severity, collected from 
barley in northern Syria, 1992. 

2.5.1.3. Survey for  ROO^ Diseases in Tunisia, Egypt and Turkey 

Using the same methodologies as in Syria, surveys in three 
countries were carried out in 1993. A five day survey for root 
rots in wheat and barley was made in Tunisia together with Dr 
A. Lyamani (INRA, Morocco), Dr A. Yayaoui (ENSAK, Tunisia) and 
Dr M. Harrabi (INAT, Tunisia). Short surveys were made of 
h-ley fields in the north-west coast of Egypt (with Dr R. 
Rizk, ARC, Giza) and south-eastern Turkey (with Dr M. Bicici, 
University of Adana) . Table 31 swrmarizes ratings and pathogens 
found. In Tunisia, wheat was found to be more affected by root 
rot than in Syria, but still less than the barley. C. sativus 
was the predominant pathogen on both cereals, but red fusaria 
were isolated frequently from wheat. However, as in Syria, most 
of these fusaria appear to be of low pathogenicity (Fig. 11). 
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I number of isolates tested marked in each bar I 

Fig. 11. Percentage of highly pathogenic root fungi, isolated 
from barley in three countries, 1993. 

M. n ival is  is present in Tunisia, especially on barley q m  in 
the colder environments of central Tunisia. C. sativus was also 
the predominant pathogen in rainfed barley fields on Egypt's 
north-west coast, but red fusaria were found in association 
with plants having severe fat rot symptoms. These fusaria were 
h i m y  pathogenic (Fig. 11). The north-west coast of Egypt has 
mild winters, and the cold climate pathogen M. nivalis was not 
isolated frequently. Barley in south-eastern Turkey had a him 
level of mot rot.  The predominant pathogen in this region with 
cold winters was M. nivalis. As with the Syrian survey, no 
relation between the mot rot score and the number of fertile 
tillers was present (Table 31) . 
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2.5.1.4. Effect of Crop Rotations on Barley lket Rot 

A project, in collaboration with Prof Bassam Bayaa and his 
sixdents of the University of Aleppo, was started in 1993, to 
sAxdy root rot development within the long-term PFLP / 
rotation trials at Breda. Soil inoculum of C. sativus was 
determined using a soil plating method on selective media. Soil 
samples were taken twice during the grming season from the 
same spots in five different rotations (Table 32). Incculum of 
C. sativus was highest under barley following fallow. This 
effect was consistent wer time, even though the number of 
spores found at maturity was lower than at tillering. 

Isolations from barley plants were mde at the same time 
as the soil samples were taken and plants were rated for 
symptoms on the SCI at the end of the season. Root rot was more 
severe and recovery of C. sativus most frequent after fallow 
(Table 32) .  It is therefore unlikely that at this site C. 
sativus is the cause of the yield decline found with continuous 
barley. M. nivalis, however, was high in continuous barley 
plots. A role of this pathogen in the yield decline should not 
be excluded, as it was frequently isolated from plants without 
visible symptoms on the SCI. 

Table 32. Nm&x of C. sativus per gram soil, recovery of C. 
sativus and M. ~ v a L i s  f m  barley plants at tillering stage 
and at plant maturity and the percentage of plants with a score 
2 3 (PDP) at maturity for different rotations at Breda, 1992- 
93. 

Rotation Spores / gram soil C. sativus M. nivalis 

91-92 92-93 ti1 m t  ti1 mat ti1 mat PDP 

Barley Barley 110 5 1  27 65 44 65 47 
Barley Fallow 88 52 
Fallow Barley 436 243 77 94 40 24 64 
Barley Lathyrus 40 28 
L a t h y  Barley 130 118 29 90 10 17 43 

2.5.1.5. Possible Role of MmqrapbeUa nivalis as a Barley 
Root Pathcqen 

M. nivalis, is recognized as an important disease of winter 
cereals in the northern hemisphere. Although the optimum 



can grow a t  temperatures just above the freezing pint and a 
deep snow cover provides a favourable environment. The fungus 
causes leaf rotting (hence the rmre snow mould), but i f  the 
snow cover remains long enough the plant crown gets infected 
and death may occur. Studies in England have demonstrated tha t  
M. n i v d i s  can as w e l l  be a wheat root pathogen, which can 
reduce stand and t i l l e r  numkr of plants in  cold dry soils, 
even without snow mer .  Only one publication from South 
Australiz d e n i b e s  its potential importance as a barley root 
pathqen in relatively mild climates. Analysis of weather data 
a t  Tel Hadya from 1980 till 1993 showed tha t  the number of days 
with soil tmpratures between 0 and 1 0 ° C  varied from 37 (1985- 
86) to 122 (1984-85) days and averaged 77 days per season. M. 
n i v d i s  can develop w i t h i n  this temperature range, while most 
other root pathqens have a low activity. So fa r  w e  have no 
data on yield losses caused by M. n i v d i s ,  but its high 
mmmence i n  different sites through northern Syria and 
Turkey, its virulence in seedling tests and its possible role 
i n  the yield decline assmiated w i t h  continuous barley 
cultivation just i f ies  further investigations. 

2.5.1.6. Yield Iosses After Inoculation w i t h  C. sativus 

Cultivars selected from the 1991-92 yield loss experiment 
(Annual R e p o r t  1992) were tested both in  Tel Hadya (two 
planting dates) and in Breda. The experiment w a s  part of a 
project carried out in collaboration with D r  Wafa Khoury and 
students of the Lebanese University. 

Seed inoculation increased the level of root ro t  symptoms 
and decreased grain yield in  a l l  three experiments. A large 
interaction between inoculation and environment was present. 
Inoculation had the greatest effect in the l a t e  planting a t  Tel 
Hadya. No clear relation was found between root ro t  symptoms 
and loss i n  grain yield (Table 3 3 ) .  

2 .5 .1 .7 .  Yield Losses Associated with Root Rot in Uninoculated 
Conditions 

Within the rotation t r i a l s  in Breda t i l l e r  nwlber and grain 
yield were assessed for 50 plants with a low (I 1) disease 
score and a similar number w i t h  severe (2  4)  symptoms on the 
SCI. Plants were taken from plots without additional nitrogen 
and plots tha t  received 20 kg N / ha before planting. Severely 
affected plants yielded less than clean plants in a l l  rotations 
(Table 34). 



T
a
b
l
e
 3
3.
 
Ef
fe
ct
 o

f 
C

. 
sa

ti
w

s 
in

o
cu

la
ti

o
n

 o
n 

gr
ai

n
 y

ie
ld

 
(
k
g
/
h
a
)
 a

n
d

 o
n 

p
er

ce
n
ta

g
e 

p
la

n
ts

 w
it

h
 a

 m
o
t
 m

t 
S

I
X

)
=
 

o
f
 ,
 3 (m

p)
 o

f 
1

6
 b

a
rl

ey
 l

in
e
s,

 T
el
 H

ad
ya

 
(e

a
rl

y
 a

nd
 l

a
te

 p
la

n
ti

n
g

) 
an

d
 B
re
da
, 
1
9
9
2
-
9
3
.
 

T
e

l 
H

ad
ya

 
- 

e
a

rl
y

 
T

e
l 

H
ad

ya
 
- 

la
te

 
Br
ed
a 

F
D
P
 

y
ie

ld
 

PD
P 

y
ie

ld
 

PD
P 

y
ie

ld
 

NO
 
Na
me
 

u
n
 
1
n
 

U
n
 

I
n
 

U
n
 
1
n
 

~n
 

1n
 

U
n
 
I
n
 

u
n
 

I
n
 
' 

1
 J

L
E

 0
6-

03
8 

9
 

9
 

3
9

2
0

 
3

5
3

7
 

1
7

 
9

0
 - 

4
0

1
7

 
40

97
 

*
 

2
1

 
4

9
 

+
 

2
2

5
7

 
2

3
0

3
 

2
 
JL

B
 

06
-0

58
 

4
 
1
1
 

4
2

6
3

 
3

7
7

7
 
' 

6
 

9
3

 
4

5
7

1
 

4
4

0
0

 
1

5
 

2
9

 
_ 

2
7

2
6

 
2

4
6

4
 

3
 
S
L

8 
39

-0
03

 
1

4
 

2
3

 O
 

4
1

6
0

 
3

8
8

6
 

1
1
 

9
1

 
4

3
4

9
 

4
3

3
1

 
1

2
 

4
3

 
2

1
8

9
 

2
3

5
4

 
4

 
S
L
8
 3

9-
05

8 
7

 
1

2
 

4
0

0
0

 
3

5
4

3
 

* 
8

 
8

6
 

4
3

8
3

 
40

23
 

1
4

 
3

0
 '
 

2
6

0
6

 
2

7
0

3
 

5
 

S
IE

 3
2-

04
5 

5
 

1
6

 
41

37
 

3
9

0
8

 
1

4
 

8
9

 
4

2
5

7
 

41
49

 
2

1
 

4
1

 T:
 

2
7

8
9

 
2

4
4

0
 '
 

6
 
SI
B 

32
-0

74
 

1
7

 
2

2
 

4
2

6
8

 
3

9
2

0
 

O
 

3
3

 
9

5
 - 

4
2

4
6

 
45

37
 

* 
2

0
 

4
4

 
25

54
 

2
3

6
0

 
7

 
S

IB
 6

6-
00

9 
1

0
 

8
7

 - 
4

0
1

7
 

3
8

3
4

 
1

9
 

7
5

 - 
4

0
9

7
 

38
86

 
3

4
 

9
4

 
- 

2
2

4
6

 
2

0
7

4
 

8
 

S
IB

 6
6-

01
4 

4
 

9
 

39
54

 
3

8
2

8
 

1
 8

8
 

4
3

8
3

 
4

4
6

3
 

8
 

4
9

 
- 

2
7

2
0

 
2

6
0

6
 

9
 

S
IE

 4
2-

08
9 

6
 

2
3

 
36

00
 

2
9

4
3

 
7

 
6

9
 

3
3

2
0

 
3

2
5

1
 

1
6

 
2

9
 

2
4

5
7

 
2

2
5

7
 

1
0

 S
IE

 4
2-

06
4 

1
8

 
3

1
 

33
60

 
2

9
9

4
 

1
8

 
7

4
 

35
54

 
34

86
 

3
7

 
4

5
 

2
4

2
8

 
2

4
8

6
 

1
1
 

T
ai

hn
or

 
1

5
 

24
 

3
3

8
3

 
3

3
0

9
 

1
2

 
6

7
 
- 

3
7

4
9

 
3

6
2

3
 

1
6

 
3

3
 

2
5

2
0

 
2

2
9

1
 

1
2
 

W
12

29
1 

6 
1

0
 

41
49

 
3

9
8

3
 

7
 

7
2

 
- 

4
6

7
4

 
4

4
8

6
 

1
8
 

4
1

 *
*
 

2
2

8
0

 
2

4
6

9
 

m
ea

n 
1
0
 

2
9

 
4

0
7

6
 

3
7

4
4

 
1

2
 

8
3

 
4

2
3

3
 

40
98

 
2

1
 

5
0

 
2

4
9

6
 

2
3

1
5

 

' 
Un
, 
In
: 

u
n

in
o

cu
la

te
d

 a
nd
 i

n
o
cu

la
te

d
. 

si
g
n
ic

an
ce

 l
e
v

e
ls

 o
f 

L
SD

 t
es
t 
be
tw
ee
n 

u
n

in
o

c
u

la
te

d
 a
nd
 

in
o

c
u

la
te

d
; 

1
0

%
; '
 5

%
: .. 1

%
: 

0
.1

%
 



Table 34. Loss of yield assoc ia ted  w i t h  root rot symptans in a 
rotation trial with and without nilxqen f e r t i l i z e r  at Breda, 
1992-93. 

Ratation Fert . Symptams Pl ts  Heads He/P1 Yld/PlYld/He TKW1 

Fa l lm - clean 
severe 

Lathyrus - clean 
severe 

Lathyrus + clean 
severe 

Barley - clean 
severe 

Barley + clean 
severe 

Plts,  nmber of plants sampled; He/Pl, number of heads per 
plant; Yld/Pl, grain yield per plant (gram); Yld/He, grain 
yield per head (gram); TKW (1000 kernel weight) in grams. 

2.5.1.8 Test ing of ?uWanced Breeding Lines for Resistance to C. 
sativus 

A l l  entries from both the 1991-92 and 1992-93 Regional Yield 
Trials, entries in the second year of testing in the 
Observation Nurseries for Low Rainfall and a number of l ines 
selected for root ro t  resistance from previous experiments were 
tested a t  two locations (Tel Hadya and Breda) a f te r  seed 
inoculation with conidia of C. sativus. T e s t i n g  160 lines was 
possible using mechanized seeding. Expr iments  were planted as  
split-plot w i t h  varieties as  min treatment and inoculated 
versus uninoculated in the subplots w i t h  five replicates. Each 
sub-plot consisted of three rm,  2.5 m long, planted a t  100 kg 
seed / ha. A t  the soft dough stage, 20 plants with a subclown 
internode of more than 1 cm were pulled from the border m w  and 
rated for discoloration of the SCI. The remaining two rows were 
harvested. Inoculation increased the incidence of root ro t  
(pelcentage plants with score 2 3) f r o m  an average of 19% t o  
40% a t  Tel Hadya and from 26% t o  49% a t  Breda. Lange 
differences between varieties were found. In Tel Hadya ratings 



ranged from 7% to 97% after inoculations and in Breda from 3 to 
99%. Ratings in the two different locations showed a highly 
significant correlation (F 0.81 between the inoculated plots 
in Tel Hadya and Breda). Analysis of variance of the root rot 
incidence showed a significant interaction between varieties 
and inoculation. Table 35 lists the six most resistant lines 
(incidence lower that 15 % in both Tel Hadya arid Breda). 

Table 35. Lines with law mot rot incidence' in inoculated 
tests in both Te l  Hadya and Breda, 1992-93 

T.H. Breda 

Name / Pedigree (Nursery) u n i n  ~lnin 

Antares / / l2201/At t ik i /3~508/Fur / /WI2269  
ICB82-0232-WOAP-OAP (BYLrW 93) 4 11 5 1 

Ehir/Arabi Abiad//Roho 
ICB82-0319-6AP-OAP (BYLrW 93) 

' Fercentage plants with score 2 3 without (un) and with 
inoculation (in) . 

2.5.2. Leaf  ise eases 

The most important barley leaf diseases in the WANA region are 
scald (Rhynchosprium seal i s ) ,  net blotch (Fyrenophora teres) 
and powdery mildew (Erysi* graminis) . The intensification of 
barley cultivation in the region is likely to encourage 
diseases that survive on stubble such as scald arid netblotch. 
The hprtance of these pathogens was highlighted during an 



international workshop held at ICARDA1s headquarters during 
March 1993. 

New activities within the barley pathology project during 
1993 were (i) screening under controlled conditions for net 
blotch and (ii) histological studies on scald infedion. 

2.5.2.1. Net Blotch 

Net blotch (Pp-enophora teres) can cause serious yield losses 
on barley grawn in temperate humid regions. Recently, an 
hcmas& incidence of net blotch has been reported especially 
in North Africa. Field screening for resistance to netblotch at 
Tel Hadya is hampered by the climate, which is too cold and dry 
for the good development of this disease. Hmever, testing is 
possible under controlled conditions, either in climate roams 
for seedling tests or greenhouses for adult plants. In the past 
season a reliable seedling screening test was developed and 
virulent Syrian pathogen strains, for use in greenhouse 
screening, were identified. 

2.5.2.1.1. Screening in Seedling Stage 

After preliminary tests of 53 mono-spore P. teres isolates from 
different countries, 15 isolates were selected and used to 
evaluate 49 cultivars, with reported differences in resistance 
arid of diverse origin. Figure 12 shows the n m k r  of varieties 
susceptible to the different strains used. Some Syrian isolates 
have Levels of virulence, comparable to exotic strains from 
countries where netblotch is epidemic, like Ethiopia and 
Tunisia. Six strains were selected and tested twice on 21 
varieties (Table 3 6) . Significant differences among isolates 
arid genotypes as well as a significant interaction were 
present. P. teres isolates from different countries, or even 
within the same country, differed in pathogenicity. The Syrian 
strain 9303-A had a low overall virulence, but was aggressive 
on Alexis and Welam. The other Syrian strain tested, 8801-B, 
was virulent on all cultivars. 
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Isolate or ig ins  

Fig. 12. Readion of 49 barley cultivars to 15 isolates of P. 
teres, originating from 7 differerk countries. 

Scald, caused by Rhynchospriuni secalis, develops at lawer 
temperatures than netblotch and is a serious disease throughout 
WANA. An extensive field screening program is carried out at 
Tel Hadya and several sources of resistance have ken 
identified, both within the breeding material and within 
larfiraces fmm WANA. 

2.5.2.2.1. Histological Studies of the Pre-penetration 
Developtent of Rhyndnspium secalis. 

A better understanding of the nature of resistance will 
facilitate the development of resistant cultivars. A study was 
undertaken to relate differences in seedling resistance among 
barley cultivars, with the histological development of the 
fungus in the pre- and post-penetration stage. The study was 
partly carried out by a BSc student of the L&anese University. 
Seven barley cultivars were selected that showed a differential 
reaction to three Syrian and two Tmisian mono-spore R. seedis 
isolates, in seedling tests. Atlas 46 was resistant to the 
Syrian isolates, but susceptible to the TUnisian ones. WI2291 



was highly susceptible to all isolates, mile the reaction of 
the other cultivars varied. Spore germination on detached 
leaves, placed on water agar amended with 80 nq benzimidazole 
per liter, was measured 24, 48 and 72 h after inoculation. 
Capred to the susceptible check, WI2291, germination was 
lmer on all other cultivars 24 h after inoculation. However, 
after 72 h only some isolate / cultivar combinations showed a 
reduction (Table 37). Only the reaction of Atlas 46 correlated 
with the results of the seedling tests: germination of Me 
Syrian isolates, but not of the Tunisian ones, was reduced. No 
relation between spore germination and seedling response was 
found for the other cultivars / isolate combinations. For 
example, Abyssinian showed a consistent reduction in 
germination, but was susceptible to the isolates 8706-B and 
8713-A in the seedling test. 

Histological studies of plant-pathosystems have 
concentrated on the post-penetration stage and few reports 
exist on resistance operating before penetration. Our findings 
clearly showed that for certain barley genotypes a resistance 
mechanism against R. secalis operates as well before 
penetration. Future work will focus on other pre and post- 
penetration mechanisms of resistance. Preliminary experiments 
indicated the presence of subcuticular hyphae with the 
compatible combination WI2291 / 8706-B, 14 d after inoculation, 
while no subcuticular hyphae were present with the incompatible 
Atlas 46 / 8706-8 combination. 

2.5.3. S e e d b o r n e  Diseases 

Seedborne diseases remain important in low-input barley systems 
in FaWA as farmers do not treat seed with fungicides. Routine 
screening of breeding material is carried out for resistance to 
carered smut (Ustilayo hordei), by artificially inoculating 
seed with the teliospores of the fungus. Field screening is as 
well carried out for barley leaf stripe (Fyrenophora grambed) ,  
but is restricted to advanced mterial as screening is 
laborious. 

A total of 224 lines under advanced yield testing, 702 lines 
under preliminary yield testing and 305 selections of lccal 
Syrian lardraces were tested at Tel Hadya and Jinderess. 
Percentage of smutted plants was estimated at maturity. The 
average smut percentage in Jinderess was 6 % and in Tel Hadya 
4 %. From the advand breeding lines 50 % were highly 
resistant (0% smut, averaged over b t h  locations), 23 % mfiemtely 
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resistant (>O - 5 3 % smut) and 6 % highly susceptible (2 10 % 
smut). Fram the breeding l ines  i n  preliminary yield t r i a l s ,  4 1  
% were highly res is tant ,  24 % moderately resistant and 9 % 
highly susceptible. From the  Syrian landrace lines tested, 7 % 
w e r e  highly res is tant ,  8 % moderately res is tant  and 56 % highly 
susceptible. The resistance within the local barleys w a s  
especially low w i t h i n  germplasm originating frum Hassake 
province i n  north-east Syria. From the lines originating from 
Aleppo province (north-west) 28 % were highly resistant.  

2.5.3.2. Barley Ieaf Stripe 

Barley leaf s t r i pe  ( m o p h o r a  graminea) is potentially the 
most important of the  seedborne diseases on barley, especially 
in more humid environments. Chemical control requires 
expensive, systemic fungicides. In the past we screened for  
resistance using seedling tests, where seed was germinated i n  
contact w i t h  mycelium of the fungus. In 1991-92 nurseries were 
planted next t o  a r t i f i c i a l l y  inoculated spreader rows a t  the 
Jinderess tes t ing s i t e .  This s i t e  was chosen because high 
ra infa l l  provides a good environment for  seed infection. Seed 
harvested from these nurseries was evaluated for  infestation 
during the past  season. Methods of estimating seed infestation 
both in the f ie ld  and under controlled conditions were 
inpmed. 

2.5.3.2.1. Evaluation under Field Conditions 

Among the nurseries evaluated a t  Jinderess was a set of t he  
most  advanced breeding lines. Out  of the  58 lines tested, 14 
lines w e r e  f ree  of s t r ipe ,  including the  resistant check 
Betzes. Among the lines f ree  of s t r i pe  were the cult ivars 
Harmal and Kantara, which were previously identified a s  
res is tant  by D r  M. Boulif of the Ecole Nationale drlrgron&e a t  
Meknes, Morocco. The susceptible check, C I  06946, had the 
highest infection level (6 % )  . The cul t ivar  EF?/Apm, susceptible 
in farmer's f i e lds  in Syria, had 3.7 % striped plants. Eight 
lines had a higher percentage of str iped plants than ER/Apm. 
Among these l ines  w e r e  ACSAD 176 (4.7 %),  Roumi (4.0 %) , WI2291 
(4.3 %) , Arta (4.3 %) and Furat 4484 (4.3 %) . ACSAD 176 has 
been released in several countries in the region. R o d  is a 
local Syrian cultivar, m i n l y  grown i n  the Ghab valley, and 
often shows high levels of s t r i pe  infection. 



2.5.3.2.2. Evaluation Under Greenhouse Conditions 

Testing under field conditions gives variable results because 
of enviromtal factors. Testing under greenhouse conditions 
gives more consistent results, but has as the disadvantage that 
plants can not be grown to the adult stage. Germination at 
temperatures below 10°C gave the highest percentage of striped 
plants. Germinating seed on filter paper moistened with a 30 
p p  benomy1 solution increased the level of stripe. P. g r h  
is tolerant to benomyl, while this fungicide inhibits certain 
saprophytic seed fungi. Averaged over 396 seed lots (with 
different levels of infestation) the percentage of infested 
plants, measured at the 4 leaf stage, increased from 7.2 % to 
10.5 % as a result of the addition of benomyl. The evaluation 
of seedlings under greenhouse conditions was correlated with 
that of adult plants in the field at Jinderess (r = 0.2608, P 
< 0.1%). - J.v. Leur, H. Toubia-Rah6 

2.6. International Nurseries 

2.6.1. Spring Barley 

2.6.1.1. Screening for Boron Toxicity Tolerance 

Boron (B) toxicity caused by high B concentration in soils can 
substantially reduce cereal grain and straw yield. Available 
literature indicates that the problem m y  be wide-spread in dry 
areas. The Program started investigation into this problem in 
1992. B toxicity in barley was identified at Bouider, near 
Aleppo, Syria, on the NW coast of Egypt, and near Eskisehir and 
Konya in Turkey. Since treating the soil to remcve or reduce 
the effect of B is not economically feasible, selecting crop 
cultivars with resistance to B toxicity is the most promising 
approach. 

Screening was conducted in a plastic house. Seeds were 
sawn in trays of soils mixed evenly with boric acid. This 
avoids the heterogeneity of B toxicity often present in the 
field. Adding 50 mg B/kg soil (giving a hot water extract of 
around 27 ppm B) was found to be the level giving good symptom 
discrimination in 4 weeks. Ten seeds were sown for each entry, 
and there were 2 replicates. B concentration in plant dry 
matter for entries showing the least symptom was also 
measured. 

A total of 394 advanced barley lines, mainly from the 3 
international observation nurseries and crossing block, were 
tested. Significant variation in symptom scores existed between 
the lines tested. Lines with low B toxicity symptoms and tissue 



concentration are presented in Table 38. Advanced lines in the 
two Barley Observation Nurseries for hm Rainfall Areas 
generally had lower symptom scores than those in the Barley 
Observation Nursery for Moderate Rainfall Areas. The most 
susceptible lines, like Pirate and Onslow, were detected in the 
Barley Crossing Block, which consists of lines having specific 
expression of particular traits. - S.K.Yau, J. Hamblin, S. 
Ceccarelli, S. Grand0 

Table 38. Barley lines with least B toxicity symptaens and 
tissue B concentration 4 weeks after sawing in a soil added 
w i t h  50 n q  B/kg soil. 

N u r s e r Y  Fnt. B Name/cross 
no. conc. 

(PP~) 

BON-LRA-M 41 536 H. spnt. 20-4/Arar28/3/OP/Zy// 
Algerflnion, 385-2-2 

EON-MRA 31 639 Bco.Mr/Avt//Cel/3/Line 257-14/4/ 
Rihane' S '-5 

4 3 Deir Alla 106//Api/EB8E8-2-15- 
4/4/Lth/3/Nopal//Pr0/11012-2 

74 665 Sawsan/Badia//Arar 
76 539 Lignee 527/NK1272 

BCB 59 552 9Cr. 279-07/Roh0 
79 As68 

Selection from 
Syrian landraces: 

529 Zanbaka 
486 SLB 5-95 

checks: 
Tolerant 556 Galleon (from Australia) 

461 Halbed (bread what from 
Australia) 

Susceptible 
BCB 4 8 1196 Onslow 

89 833 Pirate 

2.6.1.2. Nursery Distribution in 1993 

International barley nurseries available for distribution from 
ICARDA, Syria, remained the same as last season (Table 39). 
There was no seed shortage except for the Segregating 
FOpulations and Naked Barley Nursery. A total of 305 nursery 



sets, about 20% less than last year, were distributed. This 
reduction was partly caused by sending special yield trials, 
obsezvation nurseries and segregating populations to the 4 
North African countries (Algeria, Libya, Morocco and Tunisia) 
instead of the traditional international nurseries. - S. K. Yau, 
6 .  Ceccarelli, S. Grando 

Table 39. Barley international nurseries for 1993-94. 

Abbre- No. of No. of sets 
N'=-S-Y viation entries distributed 

Regular Nurseries 
Crossing Block BCB 52 3 2 
Segregating Fopulations ESP 4 6 16 
Observation Nurseries : 
- Lm Rainfall Areas 
(Mild Winter) EON-LHA(M) 102 36 

- Law Rainfall Areas 
(Cool Winter) EON-LRA(C) 96 2 6 

- Moderate Rainfall Areas EON-MRA 108 40 
Yield Trials: 
- Law Rainfall Areas 
(Mild Winter) BLT-m(M) 24 33 

- Lm Rainfall areas 
(-1 Winter) BYT-IRA(C) 24 2 2 

- Moderate Rainfall Areas BYT-MRA 24 3 8 

Germplasn Pools 
Naked Barley 
BYDV Resistance 

EN 50 3 0 
BYDV 50 3 2 

--- 
Total 305 

2.6.1.3. Inter-site Transferability of Varieties 

Improved varieties developed at research stations are targeted 
to farmers' fields over large areas. Therefore it is important 
to develop a measure of transferability of varieties over 
sites. A study was undertaken to establish a statistical 
measure of inter-site transferability of varieties from the 
data obtained from multi-location trials. 

Let yij be an estimate of the perfomce of i-th variety 
in the j-th environment ( 1  . V j=1. . . L) . The standard error 
of yij is ~~/(r,)"~ where oj and ri are experimental error 
standard devlation and number of replications, respectively, at 



j-th location. Let the respnse -enviromt relationship for 
the i-th variety be modeled using linear function as 

y- -= &tpX.+~. 
1 J J J 

where cr and p are intercept and slope of the regression lines, 
and ejts are random errors with mean zero and variance aj2/r. Xj is an index for the j-th environment and can be ineasurd. as 
mean over all varieties or mean over varieties except the entry 
for which this index was obtained, at the j-th location. To 
evaluate the inter-site transferability of i-th variety to 
environment j, we fit the above model using information frmn 
all environments except the j-th to get the least square 
estimates of a and p as a( j ,  and b(j,. This gives us the predicted 
response at j -th location as yp, -a . + b( .,Xj. The difference, 
IS, j= yij - ypij, is termed as an i&:%ite bansfer residual or 
predicted residual. The plot residuals from the analysis at 
each location give within-site residuals. A meamre of 
transferability of the genotype (P) is the ratio of inter-site 
transfer residual sum of squares to within-site residual sum of 
squares weighted with rj at the j-th location: 

where S; is residual mean square oamputed from plot-wise data 
at the j-th location. P can be expressed as a linear 
combination of independent chi-square variables. When 
excerimental errors are homeneous. the distribution of P can 
be' approximated by an F'-distrib;tion, while in case of 
heterogeneous errors P can be approximated by a chi-square. 

This statistic was evaluated for each genotype in two 
sets of international trials on barley and four sets of wheat 
trials. Correlation between mean and slope was significant in 
the majority of trials. The strong association between mean and 
slope limits the scope of selecting slopes and means of the 
genotypes. The low correlation between P-statistics (and 
associated probability of inter-site transferability) indicates 
independence between the mean and the transferability values. 
It therefore provides a sound basis to select genotypes which 
are high yielding as well as transferable over target 
environments represented by the test environments. - M. Singh, 
S.K. Yau, J. Hamblin, E. Porceddu 

2.6.2. Winter and Facultative Barley 

2.6.2.1. Screening for Boron Toxicity Tolerance 

A total of 348 advanced barley lines from the 1992-93 



international yield trials, observation nursery and crossing 
block were tested (for details see Section 2.6.1.1. ) . Lines 
with low B toxicity symptoms and tissue concentration are 
presented in Table 40. The highest diversity in B toxicity 
symptom development existed in the Barley High Elevation 
Adaptation Yield Trial, which contains winter/f acultative 
barley lines from different origin. Lines from m o p e  and 
FUssia (Robur, Novator, Lignee 527, Plaisant, Vidoria, and 
Cyclone) were susceptible, while the landrace varieties from 
West Asia (like ICE3 104042 from Afghanistan, Baluchistan frcnn 
the high plateau of Pakistan, Walfajr and Zarjou from Iran, 
Tokak from Turkey, and Tadmor from Syria) had low symptom 
scores. This suggests that B toxicity may be wide-spread in 
West Asia. Interestingly, the two USA varieties included in the 
trial (Steptce arid Kearney) also showed little symptoms. - 
S.K.Yau, J. Hamblin, M. Tahir 

Table 40. Barley lines with least B toxicity symptan and their 
tissue B concentration 5 weeks after sowing in soil added with 
50 mg B/kg soil. - Fnt. B Name/cross 

no. conc. 
(PP~) 

IWFBON 87 54 0 ZD4 314 (=ICB 116365) 
103 488 Zm 939 (=ICB 117474) 

rWFBCB 7 581 Lrxal B. Kan Mehterzai 
8 612 Baluchistan 

127 626 ZmVl 477 (=ICB 116472) 
129 484 2m 3485 (=ICB 117093) 
136 58 1 Viringa 'St 
145 58 6 Viringa ' S t  

m m  9 398 ICB 104041 
10 57 3 Baluchistan 

checks: 
Tolerant 336 Halberd (bread wheat from 

Australia) 
Sensitive 

767 Stirling (from Australia) 
IWFBON 88 938 OACWB74-23/FB73258, F1/3/bak/ 

Belts67-875//WAlO94-67 



2.6.2.2. International Winter and Facultative Barley Yield 
Trial 

The International Winter and Facultative Barley Yield Trial was 
assembled for the first time in 1991. It replaced the Barley 
Yield Trial for High Altitude Areas. The ram of the trial 
shaws that both winter and faadtative types are included. It 
is targeted for areas where winters are severe, not just high 
altitude areas. Table 41 shows the best lines which 
significantly (R0.05, 1-sided test) out-yielded the local 
checks at different locations in Algeria, Iran and Pakistan in 
1991-92. 

Table 41. Barley lines outyielding (P<0.05, 1-sided test) the 
lo& check in the 1st IWFBYT at different locations in 
Algeria, Iran and Pakistan in 1991-92. 

Algeria1 Atem/3/Roho//Alger/Ceres 
(Setif) NY6005-1B/OWB70173-2H-4H,F1//F1,NY6005-19/J-126 

CWB117-5-9-5 
Algeria Igri~EQ639Fl//FlP13161/1qri 
(Tiaret) Robur/wAz 196-68 

Cel/XV2240/3/Choya/Galt//llOl2-2 
iiAl245/B67-1623,Fl//J126/3/SCOl/WA1356 
Li- 131//Sul/Nacta 

Iran Lignee 131//Sul/Nacta 
(Neshaboor) CtJB117-5-9-5 
Iran WA 2196-68/Ny6005-18, Fl//Scotia 1 
(Ardabil) 
Iran Tokak 
( m j  m 4  1-1/~0kak 

Alpha/lXura 
CWB117-5-9-5 

Pakistan PI 000505/Alpha 
(Lrxalai) CWB117-5-9-5 

YEA541-l/Tokak 
NY6005-1B/~70173-2H-4H,F1//F1,W6005-19/J-126 

' 13 lines significantly outyielded local check; only 3 highest 
yielding lines presented here. 

The line CWB117-5-9-5 appears 4 times in the table suggesting 
it has wide adaptation. Detailed results of the trial are 



available in the Annual Report for the International Barley 
Nurseries 1991-92. 

2.6.2.3. ~ursery Distribution in 1953 

The International Facultative Barley Yield Trial and 
International Facultative Barley Observation Nursery were two 
new international nurseries this year, expanding the total 
regular nurseries available for distribution from ICARDA, 
Syria, to six (Table 42). As suggested by their names, these 
two nurseries consist of advanced facultative types of barley, 
i.e. excluding the mre cold tolerant, longer-season winter 
types. They are assembled for cold areas wfiere winter 
conditions are not so severe to require true winter types. A 
total of 103 nursery sets were sent to national scientists upon 
their requests. - S.K.Yau, M. Tahir 

Table 42. Barley international nurseries for 1993-94. 

Abbre- No. of No. of sets 
N'==?T viation entries distributed 

Regular 
Crossing Block IWFBCB' 150 
Segregating Populations IWFBSP 150 
Observation Nurseries: IWFBON 152 

IFBO~ 152 
Yield Trial: IWFBYl- 24 

IFBrr 24 
Special 

Yield Trial F H E S ~  2 4 

Total 

IWF - International Winter and Facultative ' IF- International Facultative 
BHEAYT - Barley High Elevation Adaptation Yield Trial 

R e f e r e n c e s  

Bhatty, R.S. 1986. The potential of hull-less barley--A 
review. Cereal Chemistry 63 (2) : 97: 103. 

Newman, C.W., and Newman, R.K. 1992. Nutritional aspects of 
barley seed structure and composition. In: Shewry, P.R. , 
ed., Barley: Genetics, Biochemistry, Molecular Biology, 
and Biotechnolcqy, C.A.B. Wallingford. UK., pp. 351-68. 



3.1. Durum Breeding 

The main objective of the durum project is to assist 
Mediterranean countries to enhance durum production in the dry 
areas by developing productive germplasm resistant to abiotic 
and biotic stresses with gccd grain quality; inproving dryland 
breeding methodology; and providing training to NARS. Improved 
drought tolerant varieties are being used for commercial 
production in m y  countries in the region. Cham 3 continues to 
be released in different countries in the region and is the 
most widely qrmn variety in Syria where it was released in 
1987. It has also been released in Jordan in 1990 (as Petra), 
Algeria in 1992 (as Korifla) , and Libya in 1993 (as Zahra 5). 
Ruther, Heider, Kabir 1, m a b i  9, Belikh 2 were recently 
released in Algeria. In Syria two varieties are proposed for 
release (Omrabi 3 and Lahn) ; in Libya and Morocco Omrabi 5; and 
in Tunisia Omrabi 3. - M.M. Nachit 

3.1.1. Widening Genetic Base of Durum Wheat 

Crosses between improved genotypes and landraces as well as 
with wild relatives were made to incorporate resistances to 
biotic and abiotic stresses and to broaden the genetic base of 
d m .  In 1992/93 season, more than 60 crosses were conducted 
with landraces from the Mediterranean Islands (Cyprus, Sicily), 
Algeria, and Ethiopia. 

3.1.2. Use of Recurrent Selection Method 

To develop durum bheat Recurrent Selection Populations (RSP) 
with desirable traits, crosses were made between Mediterranean 
d m  landraces, Kyperounda (KYP-FSP) , T. dicoccoides, and wild 
relatives (Aqilop, Ae-FSP; T. mnococcun, Tm-RSP; and T. 
carthlim, Tc-FSP) with stable and high yielding genotypes. 
These crosses form the base of the durum wheat recurrent 
selection program. The Middle East d m  wheat recurrent 
selectior~ population (ME-DRSP) is targeted to continental 
Mediterranean dryland areas, and the Maghreb-Iberianpopulation 
(MI-DRSP) to temprate dryland areas. The RSP populations are 
now in the third cycle. Improvements were shown in earliness 
for ME-DRSP, MI-DFSP, Tm-RSP, and Ae-RSP; all populations 
showed improvement in fertile tillering ability except for 
Tm-RSP. Only in the Kyp-RSP and Tc-RSP populations significant 



~ r u v e m e n t s  were made in spike fertility parameters. Height 
was reduced in all RSPs. - M.M. Nachit, A. Asbati 

3.1.3. Use of Wild Relatives 

Several crosses between high yielding genotypes and T. 
dicocmides were made to inprove grain quality and resistance 
to Septoria tritici and yellow rust. Also, backcrosses were 
made to durum to eliminate undesirable traits. A further 55 
rrosses were made with T. nwnoooccum to improve rust 
resistance, earliness, and early growth vigor. Seventy crosses 
were mde using Regilops s~ecies and T.cartNicum as well 
crosses with T. turanicum mmpactum. - M.M. Nachit, A. Asbati 

3.1.4. Developrent of Populations for QTL Analysis 

After screening for polymorphism using initial RFLP markers, 
two crosses with polymorphic parents were made in 1991/92; 
these crosses were repeated in 1992/93. The two crosses are: 
Jennah Khetifa/Chaml and Omrabi5/T. d i m i d e s  600545//Omrabi5. 
The first cross includes Jennah Khetifa, a landrace frmn 
Tunisia with good qmlity traits, common bunt resistance, but 
with low yield and high susceptibility to yellow rust; and 
Qlaml with high yield and resistance to yellow rust, but low 
grain quality. In the backcross material the parents used were 
Omrabi5 and a T. diaoccoide line; Omrabi5 is drought tolerant 
with good production and adaptation in dryland areas; and 
T.diaoccoides 600545 is resistant to septoria and yellow rust 
and has good grain quality. More than 200 seeds from F1 plants 
of each cross were grown using SSD method to advance them to 
the F5. - M.M. &chit, M. Jarrah, M-Baum, M. Sorrells 

3.1.5. Testing in the lhuble Gradients Selection Technique 

Double gradients selection tests were conducted for multiple 
stress abiotic resistance (drought x heat and drought x cold) 
and multiple biotic stress resistance (diseases and inseds) . 
ming the 1992/93 season the screening for resistance to 
drought, heat, diseases, and inseds was effective, while cold 
screening was inadequate due to the mild winter conditions. 
Populations and advanced lines combining multiple abiotic and 
biotic stress resistances were selected. - M.M. Nachit, A. 
-ti, M. Jarrah, M. Azrak, 2. Younes 



3.1.6. d Quality 

lXuum material with strong gluten was crossed to high yielding 
durums and only lines with high grain quality were advanced. 
More than 100 crosses were made to upgrade the quality. The 
sedimentation test was the most important selection criterion. 
Cresses were made mainly with French germplasm carrying high 
grain quality pardmeters. Grain quality of most newly developed 
lines is either similar to or higher than the quality of the 
gocd quality checks: Korifla and Haurani. Material was 
analyzed for electrophoretic bands. Seed storage proteins are 
not affeded by erwironment and a single seed is enough to 
determine a genotype's profile. 

3.1.7. Relationship of y-45 and y-42 gliadins with of Grain 
Quality in the Mediterranean IXlrum Germplasm 

High sedimentation values and index were associated with the 
presence of y-45 gliadin, arid low values with the presence of 
y-42 gliadin. Table 43 gives the differences for some quality 
traits in relation to y-45 arid y-42 gliadins. Further, 69% of 
the Mediterranean d m  landraces have only y-45 gliadin and 
11% possess only the y-42 gliadin; 20% had both gliadins 
present. 

Table 43. Relationship of y-gliadins w i t h  sane grain quality 
traits in Mediterranean &run gennplasn ( ~ 1 3 6 )  . 
Traits y-45 gliadin y-42 gliadin Difference 

(~117) (-19) 

aOtein (%) 12.5 12.1 0.4 
Vitreousness 94.4 95.3 -1.1 
Carotene score 5.5 5.2 0.3 
1000-kernel weight 47.0 47.0 0.0 
Sedimentation test (SE) 25.7 18.5 7.2*** 
SDS index 2.4 1.8 0.6* 

*, ***: significant at the probability levels of 5 and .01%, 
respectively. 

3.1.8. Segregation of y-45 and y-42 in Two Crosses 

F2 segregation in the Jennah Khetifa/Chaml cross was different 
from the expected segregation ratio 1: 2: 1 with slight dominance 



for y-45 gliadin; whereas in the HedbaIII/Chaml cross fitted 
the expcted segregation ratio 1:2:1. The y-42 and y-45 
gliadins were unlinked (W50.0) . 

Under irrigated conditions high broad sense heritability 
values were recorded for kernel size, test weight, carotene 
content, sedimentation test, and sedimentation index; medium 
values for protein content, and vitreousness; and low values 
for farimgraph stability and farinograph mixing tolerance. 
Whereas d e r  dryland conditions high heritabilities were found 
for most studied grain quality traits (Table 44) . 

Table 44. Broad sense heritabilities for durum grain qudlity 
traits. 

Trait Heritability under irrigated 
and dry corxlitions 

Protein content 0.49 0.72 
Kernel size 0.97 0.94 
Test weight 0.97 0.94 
Vitreousness 0.59 0.79 
Carotene content 0.97 0.90 
Sedimentation test (SE)  0.93 0.94 
sm index 0.93 0.96 
Farincgraph stability 0.00 0.90 
Farincgraph mixing tolerance 0.20 0.93 

underlined values>.70 

3.1.9. Effects of GE Interactions on Grain Quality haits in 
Dry and Irrigated Conditions 

Under dry conditions most quality traits were more influenced 
by genotype than by environment or GE interactions. The 
exceptions were protein content and vitreousness. Farincgraph 
stability and farhograph mixing toleram were more influenced 
by GE interactions than by genotype or environment (Table 45). 
- M.M. Nachit, A. lipiglia, A. El-Sdleh, A. Asbati, M. Azrak, 
M. Jarrah 



Table 45. Effects of genotypes (GI, enviroments (E), and GE 
interactions on dunnu grain quality traits under MBditerranean 
continental conditions. 

Trait G E GE 

ss % SS % SS % 
Protein content 40.1 5.1 666.3 84.1 79.1 10 
Vitreousness 11269.0 11.4 69425.5 70.0 16779.6 16.9 
Carotene content 68.7 41.0 44.9 26.8 46.7 27.9 
SIX test 9989.8 58.6 4564.3 27.1 2006.2 li.9 
SDS index 27.9 51.3 15.4 28.3 7.2 13.2 
Kernel size 1965.8 49.6 1102.1 27.8 808.9 20.4 
Test weight 491.5 52.8 129.7 14.0 218.2 23.5 
Farincqraph 
stability 62.9 32.9 44.4 23.2 81.5 42.6 
Farincqraph mixing 
stability 68901.0 24.6 36094.5 12.9 167676.0 59.9 

underlined values>40.0% 

3.1.10. Seed Storage Protein 

The electrophoretic analysis of seed storage proteins and 
sedimentation have been studied in Australian Poulard (a 
landrace originated from Egypt). This cultivar has the rare 
recombination of w-33-35-38/y-45 gliadin and low molecular 
weight 1 (LMW1). Table 46 c o m e s  Australian mard with 
Korifla (o-35/y-45 gliadin and LMW2) and Waha (0-33-35-38/y-42 
gliadin and LMWI) . Extensive grain quality testing showed that 
this cultivar (Australian Poulard) has weak gluten strength 
(SIX) . These results confirm the postive functional properties 

Table 46. Different reccanbinations of associations between 
Glu-B3 and Gli-B1 loci in different varieties. 

KMW o-Gli y -Gli SIX test 

1 33-35-38 4 2 23.7 (Waha) 
2 35 4 5 38.2 (Korifla) 
1 33-35-38 45 19.6 (Aus.Poul) 



of LMW2 with gluten strength that is lawwn t o  be related to 
gccd pasta mkirq. - A. Impiglia, M.M. Nachit, A. El-sdleh, 
A.M. Gallo, D. ~afiandra, E. Po- (Univ. of Tuscia, ItdLy) , 
L.M. Martin (Univ. of Cordoba, Spain) 

3.1.11. Biotic Stresses 

3.1.11.1. Disease Resistance 

Several crosses were mde for Septoria t r i t i c i ,  cormnon bunt, 
leaf rust,  stem rusts,  and BYDV resistance. A l l  crosses had a t  
leas t  one parent resistant t o  yellow rust. Crosses w i t h  
!l'riticum dicccooides were used t o  widen the genetic base for 
resistance t o  Septoria tritici and yellow rust. A t  T e m l  
(Lebanon) several segregating populations shaJed resistance t o  
leaf and sten rust. 

3.1.11.1.1. Screening for Root Rot Resistance 

Root ro t  is caused by a complex of pathcgens. In Morocco root 
ro t  is mainly caused by the fungi Ccchliobolus sativus and 
Fusarium c u l m m  ( a y e ,  1984; Lyan-ani, 1988). In 1992/93 
season, 1130 accessions representing Moroccan, Iberian, and 
Ethiopian material w e r e  screened for both fungi using seed 
inoculation w i t h  a spore suspension of CochZioLmlus sativus and 
mar im culmonzm. Data  were collected on plant emeryence, 
tiller nmber, kernel weight, and white head percentage. From 
the 1130 accessions tested, 140 accessions showed acceptable 
performance, 8 of mich had high tolerance levels. Most of 
these originated from M o m  or Portugal. - M. Mergoum, N. 
Nasrallah, M.M. Nachit 

3.1.11.1.2. Advanced Screening for Multiple Disease Resistance 

To identify advanced high yielding genotypes carrying multiple 
diseases resistance, 280 genotypes were screened for 
resistance. R e s i s t a n c e  w a s  identified t o  c o m n  bunt (Ti l le t ia  
foetida and T.caries), septoria (Mycusphaerella gr&cola) , 
yellcw rust  (Puccinia stri iformis),  leaf rust (Puccinia 
reaondita) , and stem rust  (Puccinia gr&s), powdery mildew, 
and BYDV. - M.M. Nachit, O.Mamluk, M. Azrak, A. Asbati, M. 
Jarrah 



3.1.11.2. Insect Resistance 

3.1.11.2.1. Wheat Stem Sawfly 

Further crosses were made for resistance to wheat stem sawfly. 
All segregating populations were subjected to natural attack by 
stem sawfly at Breda and Tel Hadya. In addition, crosses with 
solid stem Moroccan landraces were backcrossed to high yielding 
genotypes. Most of advanced ppulations and newly developed 
genotypes have impraved levels of resistance. 

3.1.11.2.2. Hessian Fly 

A total of 4140 populations were tested in the field at Sidi El 
Aidi (mild attack) and Jem Shah (heavy attack) in Morocco. In 
Jema Shaim, only two populations survived Hessian fly attack. 
'Ihe screening in the field at Sidi El Aidi was followed by the 
greenhouse screening of preselected populations. 

Also 89 F2 and 140 F3 segregating populations carrying 
the H5 gene resistance to Hessian fly and several backrosses 
with Moroccan durum cultivars were screened in the greenhouse. 
Resistant lines are being multiplied. These populations are the 
first durum plants to carry genetic resistance to Hessian fly. 

F'urther, to search for new genes for Hessian fly 
resistance in wild relatives mre than 140 Moroccan and 
Fortuguese Aegilops were screened. Several A q i l  ops populations 
showed resistance. The resistant plants were crossed with durum 
cultivars, and embryo rescue was used. - M.M. Nachit, R. 
Miller, M. Barn, M. van Slageren, A Asbati, N. Nasrallah 
(INRA/Morocco) , 0. Belhabib (INAVHII/Morocco) 
3.1.12. Abiotic Stress Resistance 

Several landraces from the Mediterranean Islands and Spain were 
screened for perfomce under rainfed conditions at Tel Hadya. 
Ninety-eight populations were selected for further screening 
and utilization in the crossing program. 

Fifty durum wheat landraces from Egypt were screened 
using a sand-culture technique in green house for salinity 
tolerance. Four populations showed some tolerance. Material 
from University of California, Davis, that showed high level of 
salt tolerance, was crossed to advanced material, the most 
successful crosses were with the cultivar Lahn. A RSP for salt 
tolerance will be developed, and germplasm that shoe 
resistance or acceptable tolerance such as the selected 
populations from India, Iraq, and Egypt will be used with the 
Davis material. - M.M. Nachit, A. Impiglia, A. Asbati, Z. 
Younis 



3.1.12.1. Drought Resistance 

Grain yields ranged from 1233 to 3166 kg/ha when tested under 
dry conditions. Several lines outyielded the checks Haurani, 
Umn3, and Omrabi5. Table 47 shows the yields achieved in the 
dry site, Breda, over the last 7 seasons. The average yield was 
high in 1992/93. 

Table 47. G r a i n  yield (kg/ha) of advanced dunnu yield trials 
(ADYF) at Breda for last 7 years. 

Grain yield (kg/ha) 

Season Rainfall (nun) Mean Max. Haurani 

Mean 246 1489 2197 1341 

The yields of the best lines in dry conditions at Breda 
are in Table 48. The best line was Omrabi-3, which will be 
released soon in Syria. It was extensively tested in the on 
farm trials and the larye scale testing in Syria and Tunisia. 

Table 48. Grain yield of drought tolerant prcxnising lines under 
dryland conditions, 1992/93. 

No. Cross/entry Grain yield Haurani Cham3 

Haurani 2385 100 - 
Chain3 2490 - 100 
LSD (0.05) 410 



The morpho-physiological traits strongst associated with 
grain yield in this year under dry conditions were heading date 
(r = 0.42 > p =0.01), fertile tillering (r = 0.32 > p = 0.01), 
and spike fertility (r = 0.36 > p = 0.01). - M.M. Nachit, A. 
Asbati, M. Azrak 

3.1.12.2. Resistance to Terminal Stresses 

The late arid sumer planting are used to identify material 
resistant to terminal stress (drought x heat). Table 49 shows 
the best lines under terminal stress. Wadamez crosses and 
Mediterranean Islands germplasm continue to be the best 
germplasm for these conditions. 

Table 49. Grain yield of p d s i n g  lines under terminal 
stress conditions in caparison w i t h  checks in 1992 

No. Cross/entry Grain yield 

Table 49 shows the highest yielding lines compared to 
checks for heat tolerance. The mean grain yield was 863 kg/ha 
arid ranged from 192 to 1764 kq/ha. Selections under summer and 
late planting conditions at Tel Hadya and summer conditions of 
T-1 include germplasm with leaf and stem rust resistance and 
high levels of heat and terminal stress (drought x heat) 
resistance. 

3.1.13. Yield Stability 

The most stable genotypes in the RDYT-MR, 1991/92 were Omrabi 
lines (Table 50). These lines are also the most abiotic stress 
tolerant ones. Stress tolerance and yield stability are closely 
linked. - M. Nachit, M. Jarrah, M. Azrak, A. Asbati, Z.Younes 



Table 50. Grain yield and stability of dunnu wheat lines in the 
Mediterranean areas with favorable climatic conditions, 
RDYT-MR, 1991/92. 

No. Entry Mean yield Mean Rank standard 
 ha) sitesr rank deviation 

3.1.14. Performance under Mediterranean Environments 

Morphu-physiological traits that are associatedwith adaptation 
to dryland conditions and related with grain yields in the four 
main Mediterranean agro-ecological zones were studied 
(dry-cold; dry-temperate; favorable rainfall and cold; 
favorable rainfall and temperate). In each zone several 
mrphu-physiological traits were measured. In the dry-cold 
enviro~nent, the main contributors to grain yield were spike 
fertility (36.6%), earliness (5.3%) and fertile tillering 
ability (2.8%). In the dry-t-rate environment, the main 
contributors to yield were early heading (68.7%) and grain 
filling duration (2.5%) . As for the favorable rainfall and cold 
conditions, fertile tillering ability (71.4%) and dwarfness 
(3.2%) were the main contributors; and for the moderate 
rainfall and cold conditions, spike fertility (59.3%) , peduncle 
length (9.3%) , early vigor(5.2%) , and grain filling duration 
(2.0%) were important. - M.M. Nachit, M. Azrak, M. Jarrah 

3.1.14.1. Mediterranean Dryland Emrironment 

IXuum lines developed under Mediterranean dryland conditions at 
ICARDA/Syria (97 lines) and at CDWfT/Mexico (131 lines) with 
5 checks were assembled in a joint nursery (CON-LR 1991/92) and 
sent to NARSs of WANA region for testing in their research 
stations. This nursery is targeted to dryland areas, however, 
some NARSs programs are also testing it under irrigated 
conditions. The objective of this nursery is to provide 
material from both the ClMTdT base and CIMMYT/ICARDA programs 
to NARS. It also allas some initial assessment of the relative 
adaptation of the two sets of material for WANA conditions 



(Table 51). Yield data were sent back from the following 
research stations: 

?he results show that using 11 rainfed stations 
(282-10901mn) and 4 irrigated stations that the average yield 
per site for the best performing 25 durum genotypes out of 260 
was 39.8% higher for CIMMYT/ICARaA germplasm than the germplasm 
developed at CDlMYF base program (Table 52). Although the durum 
lines included in the CON-LR were targeted to low rainfed 
areas, they were tested in irrigated stations in Egypt and 
under high rainfall conditions up to 1090 nun. The germplasm 
originated from CIMMYT base program was better yielding in 
Egypt by 28.6% than that from CIMMYT/IOA program. Taking 
the average for both environments the germplasm originated from 
the CIMMYT/IC?@.DA was 15.1% better yielding than that from 
CDPRT base program. The performance of the CIMMYT/ICAFUA 
germplasm was much better in the environments with low 
rainfall. 

Table 51. Comparison of the best 25 drum lines at each site in 
WANA region for drum gemplasm developed at CIMMYT/ICARDA and 
CIMMYT base programs, 1991/92. 

Site/country Site's average % of best 25 lines coming 
yield (t/ha) f m  

Hassakeh/SYRIA 1.312 16.7 3.6 
Tel Amara/LEBANON 1.776 13.3 6.4 
H&/SYRIA 2.575 14.2 5.6 
Athalassa/CYFWS 2.594 8.3 10.7 
Izra'a A/SYRIA 3.816 8.3 10.7 
Ismailia/EGYPT 4.062 7.5 11.4 
Le Kef/'IUNISIA 4.252 11.4 7.9 
Izra'a B/SYRIA 5.009 10.0 9.3 
Bej a/TUNISIA 5.950 8.3 10.7 
Sids/M;YFT 6.031 7.5 11.4 
Kena/EGYFT 6.483 10.0 9.3 
Mallawy/EGYPT 7.006 8.3 10.7 



Table 52. Cunparison of best 25 durm lines at each site in 
WBNA region for dunrm germplasm developed at joint (CPIMYT/ 
ICARDA) and base (CIMMYT) programs, 1991/92. 

Moisture regime % of best 25 lines 
(Joint/Base) xl00 

Joint Base 

Rainfed 11.3 8.1 139.8 
Irrigated 8.3 10.7 77.7 
T-1 10.3 8.9 115.1 

A regression l ine  was estimated between the % of the best 
l ines from each pngram a t  each s i t e  and the site's grain 
average yield, t o  study the response of each material in 
relationship t o  s i te ' s  productivity. The regression equation 
for joint program lines from WN-LR was: Y=-1.09X+14.9; and for 
CIMMYT-base program was: Y=0.92X+5.06; where Y represents the 
number of lines selected a t  each s i t e ,  X represents the average 
grain yield of the site in tons/ha. From these conputed 
regression equations the % p e r f o m c e  of each program 
germplasm was calculated for environments different in  yielding 
potential. These results clearly demonstrate the advantage of 
the joint breeding program germplasm over the CllulMYT-base 
germplasm i n  enviro~nents having a yield potential of less than 
5 tons/ha. However, the material included in this nursery was 
intended for the dry areas with an average yields of 1.5 
t o m .  The material designed for M e r a t e  t o  high rainfal l  and 
irrigated areas w i l l  be discussed later .  

Table 53. Estimated performance of joint and base durm 
germplasm under different yielding environments 

Yield (%)of best lines (%) 
environment coming from 

Ratio 
CIMMYT/IcAFtm c m  

1 ton 13.81 5.98 2.30 
2 II II 12.72 6.90 1.84 
3 ll I 1  11.63 7.82 1.49 
4 I 1  I* 10.50 8.74 1.20 
5 I 1  I 1  9.45 8.74 1.08 
6 I 1  11 8.36 10.58 .79 
7 " I 1  7.27 11.50 .63 



IXlring the growing season, visual selections w e r e  made a t  
several research stations of WANA (Izra/Syria, Beja/Tunisia, k 
Kef/Tunisia, Zidane/Algeria, Merchouch/Morccco) . The results of 
this selection showed that  31% of the test lines of 
~ / I ~  durum germplasm were selected, whereas from the 
CIMMYTpIexico durum germplasm only 10%. These results clearly 
dmnstrate  the advantage of the germplasm originating from the 
dryland project a t  1- and the sourid decision taken by the 
two centers (C!lNtWT and I-) t o  establish a decade ago a 
joint breeding program for Mediterranean dry areas a t  I-, 
where 80% of the to ta l  durum wheat are. in the developing world 
is found. 

3.1.14.2. Mediterranean Favorable Environment 

IXuum l ines  developed under Mediterranean favorable conditions 
a t  ICARDA/Syria (101 lines) and under irrigated conditions a t  
CIMMYT/Mexico (103 lines) w i t h  5 checks were assembled i n  a 
joint nursery (CON-MR 1991/92) and sent t o  NARSs of WANA region 
for  testing i n  the i r  research stations. This nursery is 
targeted to favorable rainfall  areas; however, some NARSs 
programs also tested it i n  dry areas. The objective of the 
testing of this nursery was t o  study the performance of 
advanced lines from both programs (CDDWT/ICARDA i n  Syria and 
CIMMYT i n  Mexico) in WJW, i n  order t o  find which program is 
producing the most adapted germplasm t o  the favorable areas of 
WANA region. Yield data were sent back from 16 research 
stations. Rainfed location ( w i t h  seasonal rainfal l  in 
parenthesis) w e r e  Dromolaxia/Cyprus (574m), Karaj/Iran 
(30Onmtt3Omm), Ga&saran/Iran (779mn), Tel Amara/Lehnon 
(l09G~mn), EL -/Syria (870rmn), Jelleen/Syria (553m) , 
Akcakale/Turkey (240+350m) , Tajoura/Libya (28Omm) , 
-hazi/Libya (208+384m) , Beja/Tunisia (512m) , Le 
Kef/Tunisia (488mm). The irrigated locations were Sids, 
Mattana, Mallawy, Ismailia, Elkharga, a l l  in  Egypt. 

In the favorable and irrigated areas, the CON-MR ]vain 
average yield per site for the best performing 25 durum lines 
(out of 204) was 63.7% higher for the dunnn lines originated 
f m  the joint breeding program a t  1- than for  lines from 
CIMMYT-base program i n  Mexico (Table 55). F'urther, the lines 
originated from the joint CDWT/ICARDA breeding program 
outperformed i n  both favorable (195%) and irrigated (137.8%) 
conditions the lines from CIMMY'I base. The yield performance of 
the germplasm originating from CIMMYT/ICARDA was particularly 
hiqher in the e n v i r o m t s  w i t h  favorable rainfed conditions 
than in the irrigated ones (Table 54). 



Table 54. Canparison of best 25 dunnn lines at  each site in 
WU7A region for dunm germplasm developed at joint 
lZDMYT/Im and CPlMYT base, 1991/92. 

Site/country Site's average % of best 25 lines 
yield (t/Ha) coming form 

C r n / I C A R D A  c m  

Cyprus03 3.483 14.8 9.7 
1 ~ 0 2  3.228 21.8 2.9 
Iran17 3.377 15.8 8.7 
~ o n O 2  1.643 15.8 8.7 
Syria53 5.526 13.9 10.7 
Syria61 5.589 20.8 3.9 
Turkey15 2.775 16.8 7.8 
Egypt04 6.165 13.9 10.7 
Egypt07 7.420 15.8 8.7 
Egypt09 9.073 9.9 14.6 
Egypt14 1.603 10.9 13.6 
Egypt17 5.111 18.8 5.8 
Libya01 1.421 17.8 6.8 
Libya16 4.748 9.9 14.6 
Tunisia01 6.317 10.9 14.6 
Tunisia02 3.549 16.8 7.8 

Table 55. Caparison of best 25 dunrm lines at  each site in 
WU7A region for dunm germplasm developed at the joint and base 
dunan breeding programs at CIMMW/ICARDA and CIMMW base, 
1991/92. 

Moisture regime % of best 25 lines 
coming from Ratio 

c m / 1 -  c m  

Favorable 16.3 8.4 1.95 
Irrigated 14.2 10.3 1.37 
Total 15.3 9.3 1.63 

3.2.1. Genotype x Environment Interactions 

The genotype x environment interactions of 81 d m  wheat 



genotypes grown for four years a t  two locations in northern 
Syria( T e l  Hadya, minfed and irrigated and Breda, rainfed 
only) w e r e  analyzed. The genotypes, assembled i n  1988, were 
col leded from various parts of north Africa, southern Europe 
ard w e s t  Asia, and included landraces, and improved and 
advanced genotypes. 

Mean qrain yields across the environments ranged from 43 
to 598 g and among genotypes frum 124 t o  229 g m-'. The 
genetic variance for grain yield was higher in  the d e r a t e l y  
and non-stressed environments than in the severely stressed 
environments. Mean grain yield of genotypes was poorly 
correlated with p e r f o m c e  in moderate t o  severe stress 
environments affected by cold temperatures but was better 
correlated i n  water def ic i t  environments. Days t o  heading was 
delayed by low temperatures during early crop growth which also 
reduced the genetic variance but mean heading date w a s  well 
correlated with heading dates in other environments. 
Heritability for days t o  heading was higher than grain yield. 
Genotype X e n v i r o m t  interactions were significant for both 
grain yield and days t o  heading. Clustering of genotypes t o  
the pint where within cluster variance was not significant, 
resulted in 30 clusters. Genotypes clustered together either 
based on their area of adaptation or the i r  area of origin. 
Improved cultivars developed for high input situations 
clustered together in a group which was responsive but was not 
necessarily adapted t o  low yielding environments. Some of the 
landraces from cold regions were high yielding and adapted to 
the l o w  yielding environments but were not very responsive to 
inproving environments. - A. Dakheel, V. Mahalakshmi, I. Naji, 
M. Nachit, J.M. Peaoock 

See pages 37-40. 

3.3. Pathology 

Results cover the work on sources of resistance, the Rmrm 
Wheat Key Location-Disease Nursery, crop losses due to yellow 
rust,  and studies of the host-pathogen system. 

3.3.1. Gemplasm Pools for Sources of Resistance to Diseases 

Between 1988 - 1993, several germplasm pools w i t h  resistance t o  
ye l lm rust ,  common bunt, septoria tritici blotch and stem rust  



have been developed (Table 56). These pools represent the 
endprcduct of our screening work. The prfonnance of lines in 
these pools against the respective disease, together with other 
disease data are available from the Cereal Program. Seed of 
these pools are preserved in the Genetic Resarces Unit of the 
Center for further use and future studies. - O.F. Mamluk, M. 
N a i n l i  

Table 56. No of lines in the germplasm pools for sources of 
resistance to dumm wheat diseases and the number of sets 
b i s k k u t e d  (1988-1993). 

Gennplasm pool No resistant No sets 
for lines distributed 

Yellaw rust 48 59 
Ccmmiun bunt 35 58 
septoria blotch 19 29 
Stern rust 17 29 

3.3.2.  Sources of Resistance  to Camon Bunt in  Durum Wheat 

The screening of advanced d m  wheat germplasm for resistance 
to cammon bunt resulted in the identification of 26 resistant 
genotypes. The screening used 9 different common bunt isolates 
from WANA. The correlation, principle components and cluster 
analyses, grouped the isolates into 3 clusters representing 
different ecological areas and the wheat varieties from which 
the isolates originated. Wheat genotypes formed 3 clusters. 
Resistance appears to come from three major sources, the J. 
Khetifa source, the S. Cappelli/Haurani source, and the Mindum 
source. Cultivar S. Cappelli maintained its resistance to 
cammon bunt for 7 years and is therefore assumed to be of 
durable type. These sources of resistance are used in our 
breeding program to ii?@rove bunt resistance in durum wheat 
germplasm. - O.F. Mamluk, M.M. Nachit 

3.3 .3 .  Key Location Disease  Nursery 

Useful disease information on the IXlrcrm Wheat Key Lcmtion 
Disease Nursery 1991/92 (DKL-92) were received from Tel Hadya 
and Iattakia in Syria and from Terbol in Lebanon. Results are 
presented in Fig. 13. Out of the 234 lines in the DKL 92 
nursery 44 (14%) were resistant to stem rust, 29 (12%) to 



barley yellcw dwarf virus', 16 (7%) to common bunt, 15 (6%) to 
septoria tritici blotch and 10 (4%) to leaf rust. Five lines 
(Nos. 8, 65, 69, 75 and 254) were resistance to both leaf rust 
and stem rust. - O.F. Mamluk, A. Y a l j a r o u k a  

%resistant lines 

" 
stem BY DV common septoria leaf 
rust bunt blotch rust 

D i s e a s e  

Fig. 13. Percent resistant lines in the IXlrum Wheat Key 
Location Nursery ( D K L 9 2 )  to the different diseases; selection 
criteria: stem rust and leaf rust = 5 ACI; BYW and septoria 
tritici = score 5 on 0-9 scale; cormnon bunt = 15%head 
infection. 

3.3.4. Crop Losses due to Yellow Rust 

This season's crop loss assessment trials on yellow rust at Tel 
Hadya included 16 cultivars, 8 each of durum and bread wheat. 
These are cultivars being grown in farmers field verification 
trials in Syria. Frotection was provided by triadheno1 
(Bayfidan EC 250) applied twice and zineb ( Z h t  70% W P ) ,  
applied five times; there was also a control treab-er~t. The 

'~ata from Virology Lab. /ICARDA 



infection level is a score (severity and reaction type) and as 
average coefficient of infection (ACI). ACI was analyzed using 
log transformation. Significant differences were found for the 
treatment, and cultivar effects, and for their interaction (P 
= <0.01). Cultivar performance was assessed for a n&r of 
traits using m n  experimental error from the 16 cultivars. 
Hawever, data for durum meat (Table 57) and for bread wheat 
(Table 70) are presented separately. 

For durum meat, both fungicides reduced disease score in 
cultivars Haurani, Cham 3, Geruma, and Douma 15149 (Table 57). 
There was a slight increase in disease score with fungicide I 
on Douma 11337. However, there was no significant differences 
m n g  the treatments. Yieldwise, there was yield increase due 
to fungicide treatments ranging from 1.1 - 24.1%, but again no 
significant differences were found. Negative effect of the 
fungicide, reflected in yield decrease ranging from -2.2 to - 
12.8%, was observed in several cultivars. Differences in yield 
decrease were not significant. - O.F. Mamluk, M. Singh, M. 
N a i m i ,  S. Khawatni, A. Yaljarouka 

3.3.5. Studies of the Host-Pathogen Systan 

Pathogenicity of septoria tritici blotch (caused by 
Myoasp%erella graminioola) on -ilops was assessed. In 
1992/93, 391 accessions from 21 Aegilops species were tested as 
seedlings in the greenhouse, using septoria inoculum from bread 
wheat and durum wheat in the ratio of 1:l (Table 58). Seven 
species (bimmis, lcqissh , neglecta , searsii , sharonensis , 
speltoides, and ventricosa) did not show any typical disease 
symptoms. The highest percentage (ranging from 50 - 100%) 
infected accessions were in the species juveniles, umbellulata, 
caudata, crassa, vavilovii, and ovata. - O.F. Mamluk, M. van 
Slageren (m), M. Naimi, S. Khawatmi 
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Table 58. AqiZops spp. tested in seedling stage for resistance 
to  septoria tritici blotch; season 1992/93. 

Aqilops spp. No. accessions 
tested infected* 

1. Ae. biaornis 1 0 
2. Ae. longissima 4 0 
3. Ae. neqlecta 4 0 
4. Ae. searsii 3 0 
5. Ae. sharonensis 1 0 
6. Ae. spltoides 4 0 
7. Ae. ventrirxxsa 19 0 
8. Ae. biuncialis 22 1 
9. As. caudata 6 3 
10. Ae. aolumnaris 6 2 
11. Ae. c o m a  1 2  1 
12. Ae. u-assa 15 7 
13. Ae. cylindrica 72 11 
14. As. jwenales 5 5 
15. As. kotschyi 14 4 
16. Ae. ovata 27 12 
17. Ae. preqina 51 10 
18. Ae. tauschii 58 3 
19. Ae. triuncialis 45 2 
20. Ae. umbellulata 4 2 
21. Ae. vavilovii 18 8 

With typical disease symptoms and pycnidial formation. 

3.4. International Nurseries 

3.4.1. Screening for Boron Toxicity Tolerance 

A total of 246 advanced CDlMYT/ICARDA durum lines from the 
1992-93 regional observation nurseries were tested (for  de ta i l s  
see Section 2.6.1.1.). There was only a small variation (mean 
score of 2.0 t o  3.5) in symptom development among the lines. 
Lines with lm B toxicity symptoms and t i s sue  concentration are 
presented in Table 59. It is interesting t h a t  the  best durum 
lines had symptom score a s  low a s  the tolerant bread wheat 
check (Halberd) but none of the  durum l ines  had lmer o r  
camparable B concentrations as  Halberd. Drum m y  be mre 
tolerant  than bread wheat, o r  a t  l eas t  Halberd, t o  higher B 
concentration i n  plant t issue.  The cross Awl 2 / B i t  appears 3 
t i m e s  on Table 59, indicating tha t  it contains gene(s) for  



tolerance. - S.K.Yau, J. Hamblin, M. Nachit 

Table 59. Dunnu 
B concentration 
B/kg soil. 

lines with least B toxicity symptan and tissue 
5 weeks after sowing in soil added with 50 mg 

NU?==Y Ent. B Name/cross 
m. conc. 

(PP) 

D3N-SA 72 613 T.A73-74/D.Coll-Ol.lY/3/Pg/Chap// 
21563/4/Crosby 

287 610 Deraa2/Bicre 
D3N-FA 66 580 FU/Mrbl5 

69 595 Awl 2/Bit 
120 618 Awl 2/Bit 
145 576 Awl 2/Bit 
167 633 Zud2/Kbr3 
168 599 Bicre/Kbr3 
200 625 Awl l//Memo/Goo 

checks: 
Tolerant 477 Halberd (bread wheat from Australia) 
Sensitive 

734 Schomburgk (Australian bread wheat) 
DON-SA 49 937 Khbl/4/Rabi/3/Gs/AA//Plc 

3.4.2. Ulrsery Distribution in 1993 

Regional durum wheat nurseries assembled by the joint 
CIMMYT/ICARDA d m  wheat project at ICARaA are given in Table 
60. There were 13 different nurseries/gennplasm pools with a 
total of 423 sets being distributed. The agreement between 
CIMMYT and ICARaA on spring wheat nursery preparation and 
distribution was implemented starting the 1991-92 season. Under 
this aqreeiwnt the names of the yield trials were changed this 
year f m  ' L a d  Rainfall' to 'Semi-arid' and from 'Moderate 
Rainfall' to 'Favorable' in order to reflect better the target 
areas of the nurseries. These two trials b~luded the best 
lines from previous years' joint observation nurseries, which 
consist of materials supplied from the ClMMJPT base prcgram in 
Mexico (with seed multiplied at Tel Hadya, Syria). Both 
observation nurseries and yield trials were restrided to the 
WiWA region. The three gennplam pools for sources of 
resistance to yellow rust, stem rust and common bunt were made 
available by the wheat pathologist for the second year. - S.K. 
Yau, M. Nachit 



Table 60. Durrnn wheat international nurseries for 1993-94. 

Abbre- No. of No. of sets 
Nursery via t ion entries dis t r ibuted 

Mediterranean Coastal and Continental WEEIS: 

Regular Nurseries 
Segregating populations DSP 84 34 
Observation Nurseries: 

- Semi-arid Areas IXIN-SA 240 28 
- Favorable A r e a s  IXIN-FA 408 27 

Yield Trials: 
- Semi-arid A r e a s  Dm-SA 24 40 
- Favorable Areas Dm-FA 24 4 1 

Specif ic-trait Nurseries 
D r o u a t  & H e a t  Tolerance Obs .  Nur. DHWN 48 39 
LIrouqht & Cold Tolerance Obs .  M r .  !XTDN 48 2 6 

Special Nursery 
Segregating Populations - Crosses CGP-WR 63 27 

w i t h  Wild Relatives 

Gezmplasn Pools for Sources of Disease Resistance 
Yellow mt DYRGP 22 28 
Stem Rus t  ERGP 17 26 
~ammon ~lnt EEGP 16 2 4 

Mediterranean Highland Areas: 

Regular Nurseries 
Obsemation Nursery D ~ N - d  134 2 5 
Yield Trial Dm-HAA 24 18 

----- 
Total 423 

' HAA - High M t i t u d e  Areas 
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4. SPRING BREAD WHEAT 

4.1. Spring Bread Wheat Breeding 

Wing 1993, the CIMMYT/ICARDA spring bread wheat breeding 
project continued to emphasize the development of inpmved, 
adapted germplasm for the variable and unpredictable 
enviro~nents of West Asia and North Africa, with special 
attention to rainfed and low-rainfall areas (less than 400 mm 
annual rainfall). 

The list of research priorities by agroecological zone 
and the relative importance of the stresses for each area were 
reported in the 1990 annual report of ICARDA. A detailed 
description of these two zones was also reported in ICARaA's 
1988 annual report. This included geographical area, 
produdion, and the main stresses responsible for reduced 
yields. Since then, the low rainfall environments of the region 
have received highest priority. 

Research this year focussed on breeding and identifying 
parental material possessing high grain yield and stability, 
with tolerance to abiotic stresses such as terminal drought, 
cold and terminal heat, and on biotic stresses such as yellw 
rust, Septoria, cammon bunt, sawflies, Hessian fly, suni bugs 
and aphids. 

Attention was given to developing and verifying breeding 
methodolcqies. The single seed descent (SSD) and modified bulk 
methods of selection were used to complement breeding efforts 
for specific qualitative traits such as resistance to yellw 
rust, and Hessian fly, and to enhance adaptation. Multilocation 
testing continued and ernphasis was placed on the selective 
exploitation and use of exotic mterial including landraces. 

In close collaboration with the physiolqists and 
agronomists, special efforts were made to characterize bread 
wheat cultivars from key national programs in the region for 
their photoperid and vernalization response. Cooperation also 
continued with biotechnologists; more than 400 double haploids 
were produced for Hessian fly resistance. 

For this year's annual report, we present data on the 
progress made in distributing genetic stocks and targeted 
segregating crosses to NARS in WANA to evaluate the enhancing 
of adaptation of our germplasm. We report the progress made in 
jointly identifying germplasm with national programs in the 
region. Data showing the rate of adoption and the i m p a d  of 
CIMMYT/ICARaArs bread wheat cultivars in the rainfed areas of 
the region is also presented. - G. O r t i z  Ferrara 



4.1.2. Identification and Distribution of Genetic Stocks 

Our breeding strategy is to develop and identify genetic 
material with tolerance to the abiotic and biotic stresses of 
the region (Ortiz Ferrara and D&ghais 1988; Ortiz Ferrara et. 
al. 1989). The project has identified genetic material with 
tolerance to the above mentioned stresses. This material is 
made available to national progranrs in the region for further 
use in their awn breeding prqrams. 

Table 61 presents the number of bread wheat lines that 
have been selected and distributed to national programs in WANA 
during the last seven years (1987-93). This material is 

Table 61. Nrrmber of bread wheat lines with desirable genetic 
traits distributed to national programs as genetic stocks 
during the last seven years, 1987 to 1993. 

Average No. Total over 
Genetic traits P r  Y- six years 

High yield and stability 37 259 
Abiotic stress resistance 

Terminal drought 24 168 
Cold 12 84 
Terminal heat 14 98 

Biotic stress resistance 
Yellm rust 15 105 
Leaf rust 10 7 0 
Stem rust 5 3 5 
Septoria leaf blotch 12 84 
Common bunt 10 7 0 
Wheat stem sawfly 15 105 
Hessian fly 3 2 1 

Selected landraces 7 4 9 
Eread rraking quality 9 63 

distributed in the form of crossing blocks to decentralize our 
breeding activities and encouraging national programs to take 
more responsibility for generating new sources of genetic 
variability. 

In addition to these gene p l s  and other hproved, semi- 
finished germplasm, the bread wheat project has also 



distrjlxlted early segregating populations (n's and F3's) to 
NARS in WANA. This operation started in 1979 with the 
objectives of a) providing increased genetic variability and b) 
allming national prograns to select breeding material under 
their local conditions. Table 62 lists the number of F2 and F3 
segregating populations that have been distributed to NARS in 
WANA, and the nwS3er of locations where these crosses have been 
tested during the last 11 years (1983-93). 

Table 62. Early segregating populations disWted to national 
programs in WANA duri tq 1983 to 1993. 

Year No. of accessions Total No. of locations 
F-2 F3 F2 F3 

More than 6000 segregating populations have been 
distributed to 391 location-years within the region. The 
experience obtained so far is that most NARS have released more 
varieties fromdiredly intmduced, semi-finishedmaterialthan 
from early segregating populations. This trend is in agreement 
with results that have been documented in a recent survey 
carried out by CIMMYT (I3yerlee and Moya 1993). F&search 
infrastructure, budget availability, and overall strength of 
NARS are the main factors accounting for these differences. - 
G. Ortiz Ferrara, M.A. Mousa, M.G. Mosaad, S.K. Yau 

4.1.3. Breeding for Abiotic Stress Resistance 

Terminal drought, cold, and terminal heat are the main abiotic 
stresses responsible for reduced yields in the rainfed, 



Mediterranean environments of the region. In selecting and 
identifying germplasm with tolerance to these stresses, the 
project emphasizes the use of multilocation testing. This is 
done at two different levels: (1) international multilocation 
testing, in which data from 50 to 75 locations in the region is 
obtained through the CIMMYC/ICXUN International Nurseries 
System, and (2) regional multilocation testing, consisting of 
five different environments in Syria and Lebanon. In the 
latter, segregating populations and advanced lines are tested 
and selected under different moisture and temperature 
conditions. Table 63 shaws the number and percentage of 
bread wheat lines that have been identified as higher yielding 
than the local and improved checks in four different 
environments during the last two years in Syria and Lebanon. 

Table 63. Nuxober and percentage of bread wheat lines yieldhg 
higher than the local and ktpmed checks in different stressed 
envimmts in Syria and Lebanon, AWYTts 1992 and 1993. 

checks AllmrE.2 
Environment Year Mexipak Cham4 Cham 6 checks 

No. % No. % No. % No. % 

Terminal drought 1992 122 46 130 49 30 11 15 6 
(Brew 1993 159 63 138 55 28 11 18 7 

Mean 141 55 134 52 29 11 17 7 

Cold 1992 229 87 94 36 65 25 54 20 
(TH-Ep) 1993 218 86 43 17 68 27 38 15 

Mean 224 87 69 27 67 26 46 18 

Terminal heat 1992 208 79 195 74 6 1  23 50 19 
(m-w 1993 203 80 111 44 55 22 46 18 

Mean 206 80 153 59 58 23 48 19 

High input 1992 93 35 97 37 159 60 58 22 
(Terlml) 1993 126 50 55 22 110 44 48 19 

Mean 110 43 76 29 135 52 53 2 1  

N = 264 (1992), N = 252 (1993) ; TH-EP = Tel Hadya early 
planting; TH-LP = Tel Hadya late planting. 

A larger number of genotypes were superior to the local check 
(Mexipak 65) than to the improved checks Cham 4 and Cham 6. 
Cham 6, a commercial variety released for the low-rainfall 
(250-350 m) areas of Syria, is more difficult to beat in the 



drier envimnment of Breda. Cham 4, released for the irrigated 
and higher rainfall and irrigated areas of the country, shows 
better perfomce under the optinnnn environment Terbol. These 
four environments play an important role in identifying 
germplasm with multiple abiotic stress resistance. Cham 4 and 
Cham 6 have also been released in other countries in the 
region. - G. Ortiz Ferrara, M.A. Moussa, M.G. Mosaad, N. W i z  

4.1.4. Enhancing Disease and Insect Pest Resistanca 

Evaluation of disease and insect pest reaction is based on the 
use of rnultilocation testing, the modified bulk method of 
selection, artificial inoculation and close cooperation with 
the pathologists, entomologists, and national prcqram 
scientists in M. This has increased the level of disease and 
insect pest resistance in bread wheat germplasm. For example, 
most entries in the international wheat observation nursery for 
favorable areas have good levels of disease resistance to the 
main foliar diseases found in the region. However the levels of 
Septoria tritici blotch resistance should be improved. 
Promising lines with resistance to wheat stem sawfly, Hessian 
fly and aphids have been identified. These and other activities 
are presented in the pathology and entomology sections of this 
report. - G. Ortiz Ferrara, M.A. Moussa, M.G. Mosaad, O.F. 
Mamluk, R.H. Miller 

4.1.5. Evaluation of Double Haploids for Hessian Fly Resistance 
Breeding 

ICARDAfs biotechnolqists produced some 300 double haploids 
from F1 crosses between drought tolerant, disease resistant and 
Hessian fly tolerant bread wheat lines. These included Saada, 
a Moroccan bread wheat variety containing the H5 gene for HF 
resistance and two C I M M Y T / I ~  bread wheat lines (NS732per 
and Shi #4414/Craw1s') with excellent drought and disease 
resistance. 

A comparative yield trial is currently d e r  field and 
laboratory evaluation in joint collaboration with the national 
program of Morocco. This will evaluate the potential of double 
haploids in a breeding program and the effectiveness of the HF 
resistance gene (s) in those crosses. - G .  Ortiz Ferrara, W. 
H a j  Jumaa, M. Merqhom, M. Jlibene, M. El Bouhssini, A. Amri  
(INRA-Mom), J.H. Hatchett (USDA/Kansas State University), 
M.S. Melmi, R.H. Miller 



4.1.6. Characterization of Bread Wheat Germplasm for 
Photoperiod and Vernalization Response 

Information regarding vernalization (V) arid photoperiod (P) 
requirements is needed to enhance the adaptation of the crop, 
and to better target germplasm to the different environments 
and to determine the optimal planting date of varieties. 
Screening techniques which allaw the characterization of large 
number of genotypes to these factors are important in breeding 
programs for abiotic stresses. 

Wenty bread wheat genotypes, divided into two groups on 
selection history for heat stress in field conditions, were 
evaluated for V and P. Two techniques were compared for 
d-nmderizing these genotypes. Vernalized arid unvernalized 
seedlings were transplanted to pots and placed in three 
separate grawth cabinets inside a plastic house with 8, 12, and 
16 h of light. The same experiment was simultaneously carried 
out in growth chambers conditions. Vernalized genotypes were 
earlier than the unvernalized ones, especially those that were 
sensitive to both light and temperature. A correlation 
coefficient of 0.88 for days to anthesis was found between the 
data of the plastic house and the conviron. 

Table 64 sumn-arizes the response of the 20 genotypes to P 
and V. All genotypes were found to be insensitive to P under 
both techniques. Genotypes that had 3-4 cycles of selection for 
heat stress (HY-11 to HY-20) were insensitive to V. These 
results confirm the value of the summer heat environment to 
select for photoperiod and vernalization insensitivity. - G. 
Ortiz Ferzara, M.G. Mosaad, V. MahalaksM 

4.1.7. Enhancing Germplasm Adaptation 

Adapted, inproved germplasm is distributed to NARS in WANA upon 
rqest . The objectives are: (1) to provide promising lines for 
potential release (2) collecting infomtion on adaptation. 
Multilocation testing and targeting of germplasm has increased 
adoption of material by NARS, particularly in law-rainfall 
envimnments. Table 65 gives the yields of six promising bread 
wheat lines in the dry areas of W. The 13 locations in West 
Asia and 3 in North Africa were characterized by having law 
rainfall (<350 nun). These lines were selected by NARS for 
further national testing and/or for use in their breeding 
programs as parents possessing high yield and good adaptation. 

The adaptation of bread wheat germplasm in moderate to 
high rainfall areas (>400 nun) of W is illustrated in Table 
66. The yield advantage of these lines over the national 
checks, widely grown commercial varieties in those locations, 



ranged from 114% to 144%. Tevee-2 (Tsipee, CM 64335-3-3- 
lAP-OAP) , Momtaz (Vee/Lira, CM 73996-04AP-30OAP-1AP-OAP), C m m  
(WW33/Vee, ShN 11619-2AP-4AP-lAP2AP-OAP), and Dove/Wlc, CM 
58808-6AP2AF-lAP-VIP-OAP, are under extensive testing in those 
cuuntries. Most lines are disease resistant, which is inprtant 
in high rainfall environments of the region. - G. Ortiz 
Ferrara, M.A. W s a ,  M.G. Mosaad, S.K. Yau, National Program 
Scientists 

Table 64. Days to anthesis in 16h daylength w i t h  seed 
vernalization (basal vegetative period - BVP), changes due to 
daylength (AP), and vernalization (AV) for the 20 wheat 
genotypes (G)  under plastic house and oonviron. 

Plastic House Conviron 
G BVP AP AV BVP A P AV 

LY-1 48.4 0.6 (-) 17.2 (+) 53.8 15.8 (-) 19.6 (+) 
LY-2 46.8 8.6 (-) 6.6 (-) 55.2 7.8 (-) 6.0 (-) 
LY-3 50.6 4.8 (-) 15.2 (+) 61.0 13.2 (-) 9.0 (+) 
LY-4 51.2 -1.4 (-1 13.4 (+) 57.2 6.6 (-) 14.2 (+) 
LY-5 50.8 0.0 (-) 17.9 (+) 56.8 12.6 (-) 17.4 (+) 
LY-6 46.8 2.8 (-) 19.8 (+) 51.2 11.2 (-1 22.4 (+) 
LY-7 46.8 4.0 (-) 14.2 (+) 52.8 7.2 (-) 13.8 (+) 
LY-8 51.3 1.5 (-1 9.3 (+) 54.0 10.2 (-) 15.8 (+) 
LY-9 51.6 3.2 (-) 4.4 (-) 49.2 13.2 (-) 15.2 (+) 
LY-10 47.4 1 . 9 )  4.2(-) 53.8 8.0(-) 6.0(-) 
HY-11 47.0 3.4 (-) -2.5 (-) 54.6 12.4 (-) 1.2 (-1 
HY-12 43.8 4.4 (-) 6.5 (-) 48.8 12.6 (-) 14.6 (+) 
HY-13 47.4 9.2 (-) 0.6 (-) 46.8 12.0 (-) -0.8 (-) 
HY-14 49.8 0.4 (-) -3.8 (-) 51.6 14.4 (-) 6.5 (-) 
HY-15 45.4 2.0 (-) -0.4 (-) 50.0 9.2 (-) 3.4 (-) 
HY-16 45.0 1 .  (-1 1 .  ( -  53.0 8.8 (-) 4.0 (-) 
HY-17 44.0 4.6 (-) 9.6 (+) 50.0 12.0 (-) 11.8 (+) 
HY-18 44.2 3.8 (-) -1. ( )  56.2 11.0 (-1 -1.2 (-1 
HY-19 45.2 2.2 (-) -2.2 (-) 48.2 14.2 (-) 6.2 (-) 
HY-20 45.8 2.7 (-) 0.4 (-) 54.6 10.0 (-) 0.6 (-) 

Stork 46.0 -2.7 (-) 1.6 ( -  49.2 10.0 (-) 5.4 (-) 

( ) = respnse to photoperid (P) and vernalization (V) ; 
+ = sensitive, - = insensitive. 



Table 65. Mean relative yie ld (MRY), rank (R) and standard 
deviation (S.D.) of the top yielding entries in West Asia 
(*)and North Africa (**) . R W F L R A  1991-92. 

Cross and Pedigree MRY R S.D. 

WEST ASIA 
GaMm 1.101 1 0.149 
SWM 11619-2AP-4AFlAF2APOAP 

Mean yield (W/ha) 2846 - - 

No. of  locations 13 - - 
mIlTH AFRICA 
h 380-16-3A614/Chat'Sf 1.186 1 0.358 
(M 64868-I.AFIAJ+3AP-lAP-3AP-OAP 

Vee 'S'/Nac 
CM 67404-7AP1AP3AP-OAP 

Vee ,S'/3/Hork'S1m/Kdl/Bb 1.111 3 0.283 
CM 78045-06AP300AP3AP3OOL-OAP 

Mean yield 3625 - - 
No. of locations 3 - - 
MRY = Entry yield divided by trial mean yield and then averaged 
wer trials. (*) = Afghanistan, Iraq, Syria, !l'urkey and 
Lebanon; (**) = Algeria, Morocco and Tunisia. 

4.1.8. Wheat Germplasm Adoption 

Before they can have any impact on cereal prcduction inproved 
cultivars must reach fanners. To assist in this we 
collaborate with NARS in wnducting on-farm trials in Syria, 
Algeria, Sudan, Lebanon, Morocco, Tunisia, and Egypt. A number 
of bread bheat varieties have been released as a result of this 
collaboration. Many countries requested and obtained small 
amounts of seed of newly bred cultivars registered in the 
region. 



Table 66. Perfomance (*) of bread wheat germplasm in the 
rainfed (>400 nm) or supplenentary irrigated and moderate 
tcqerature areas of TWNA. w o n d l  Yield Trials for Moderate 
-all Areas 1991-92. 

G r a i n  
country Line yield % > LSD.05 F 
(site) (kg/ha) NC oJ (%I  

1raI-1 Wee-2 3757 120 257/6 3 
(Gachsaran) NC 3121 
Lebanon Mcartaz 2244 118 284/11 1 
(Kf-1 NC 1900 
Yemen Dove/Wlc 6258 133 558/12 4 
(-1 NC 4700 
Algeria Tevee-2 9667 114 1333/12 0 
(mub) NC 8489 
Tunisia Tevee-2 6931 115 635/8 1 
( W a )  NC 6019 
Libya Gomam 3754 144 807/19 3 
(%ha) NC 2 599 

* = Based on its statistical superiority over the national 
check variety at each location. 

F = Ncnnber of lines yielding significantly higher (p < 0.05) 
than the national check. 

NC = National check. 

An adoption study conduded in Syria by the FRMP of 
ICARDA during 1991 showed that modern high-yielding varieties 
(HYVrs) account for 87% of the area planted and are grawn by 
86% of the farmers sumeyed (FRMP Ann. Rep. 1991). 

Since 1983, the Syrian national program has released s i x  
inpoved bread wheat varieties. These are: Bohouth 2, 4, and 6 ; 
and Cham 2, 4, and 6. The amount of seed produced by the 
Goverment Organization for Seed Multiplication (GOSM) of Syria 
for these varieties is presented in Table 67. A s s m r h y  a seed 
rate of 150 kg/ha, this would translate in approximately 
241,000 ha during the 1992-93 crop season and about 200,000 ha 
during 1993-94. These figures are conservative and actual area 
covered may be more because most farr~rs in Syria retain their 
own seed for the next crop cycle. IXlring the last two years, 
GOSM has reduced the amount of seed produced of Mexipak 65 
(local variety) , and Chain 4, an improved CIMMYT/ICARDA cultivar 
has become the leading variety grown by fanners. The data in 
Table 67 supports the adoption study findings. 



Table 67. Bread wheat varieties and m u n t  of seed produced by 
the Government Organization for seed Multiplication (GOSM) of 
Syria, and distributed to fanners during 1992 and 1993. 

Seed quantity (tons) 

Variety YR 1992 1593 Total % 
I>L 

Mexipak 65 (L) 1969 5500 - 5500 100 
Qlam2 (I) 1984 - - - - 
cham4 (I) 1986 16500 14400 30900 562 
Bohouth 4 (I) 1987 10000 9500 19500 355 
Qlam6 (I) 1991 4000 4600 8600 156 
Bohouth 6 (I) 1991 175 200 375 7 

Total 36175 28700 64875 

L = Local; I = Improved; YR = Year of release. 

Results from our joint on-farm verification yield trials 
in Syria show two new promising bread wheat lines (Chorizo, ICW 
80-0679-2AP-W-5Ap-OAP, and Ghurab-2, 5WM 11623-9AP-3AP-7AP- 
2AP-lAP-OAP). These two lines are higher yielding than the 
local and improved checks, Mexipak 65 and Cham 6. They are 
still being tested in farmers fields. - G. Ortiz Ferrara, A. 
Shehade, M. Michael, M.A. Moussa, M.G. Mosaad 

4.2.1. Physiological Aspects of Water Use Efficiency 
of Selected Bread Wheat. 

In Syria, bread wheat productivity like other crops, is 
reduced by low water availability. It is less clear whether or 
not cultivars differ in their reaction to drought. Theory 
predicts that there are a number of morphological, 
physiological and phenolqical traits that m y  affect a 
cultivar's productivity in a dry clhte. 

Preliminary results from the collaborative project of 
Utrecht University (The Netherlands) and ICARDA indicate that 
there exists considerable variation in these traits in our 
germplasm collection. Research continued during the 1992-1993 
season with three experiments at Tel Hadya: 1. a comparison of 
the development/qrowth and water use of nine cultivars in 
rainfed and irrigated field plots; 2. a comparison of the 



development/grckrrth and water use of two cultivars sclwn at five 
different seeding rates in rainfed and irrigated field plots; 
3. a pot experiment to study the physiological aspects of water 
use efficiency in detail. 

The field experiments produced further basic data on a 
range of cultivars of different origin arid morphology, and 
investigated the extent to which seed rate/plant density 
affects crop development, water use and water use efficiency. 
Results are mently being analyzed. 

The pot experiment used the same approach as in 1992. 
Individual plants were exposed to the daily weather. Special 
pots allowed the measurement and manipulation of soil water 
content and the recovery of the m t  system. 

The experiment provided a detailed description of growth 
and water use through time under well-watered and water-limited 
conditions. Tbe two varieties used (Katya Al arid Mexipak 65) 
were the same as in 1992. They differ in a number of traits 
that may affect WUE. In 1992, Katya invested more biomass in 
leaves and roots and had more prominent stems than Mexipak. 
Mexipak ccanpensated for this smaller investment in leaves and 
roots by having a higher activity in these organs. Its growth 
was similar arid its water use higher than Icatya's. Hawever, gas 
excharge measurements of the youngest leaves were not 
significantly different for photosynthesis and transpiration. 
Thus differences at the plant level may be due to differences 
in the older leaf population. In 1993, special attention was 
given to leaf area development and s e n m e ,  and age- 
dependent gas exchange. 

Katya and Mexipak differed in the rate at which 
successive leaves emerged and expaded. Mexipak prcduced its 
leaf area faster. The increase of leaf area stopped sooner for 
Mexipak, and s e n m e  was also faster. Mexipak leaves were on 
average, older than Katya leaves during mch of the experiment. 

Gas exchange measurements on the youngest, second and 
third youngest leaves showed no significant dtivar- or age- 
dependent differences. Drought reduced gas exchange rates to 
the same extent in both cultivars. 

Major differences between the genotypes may be in leaves 
that are older than the ones measured here. For water loss, 
leaf sheaths and stems, and nocturnal transpiration may be 
important. Differences in growth may be due to differences in 
respiratory losses affecting the conversion of assimilates to 
biomass. In any given envimnment there is likely to be an 
optimal combination of organ size and activity. 

A m m k r  of conclusions can be drawn from this 
experiment. 1. the experimental set-up is adequate for 
oconparative studies of the fundioning of above- and below 
ground parts of plants grwing under close-to-natural 



conditions; 2. leaf obsexvations provide an incomplete picture 
of plant level processes; 3. observations on roots are 
essential to analyse plant responses to drought; 4. fm%her 
research on biomass allocation is desirable to find optimal 
ambinations for specific enviromts. - E. Veneklaas ,  R.v.d. 
Boogard mliv. of Utrecht) 

4.2.2. Determination of Cardindl Temperatures of Selected 
Bread Wheat 

In Sudan, bread wheat is grown under irrigation and at sewing, 
high tmperatures may lower crop establishmerit and seedling 
survival. Genotypes differ in their ability to establish and 
survive at high temperatures. 

We determined the cardinal temperatures for germination 
of 14 spring bread wheat varieties. Tdenty five seeds were 
placed on mist filter paper at different temperatures (5 to 40' 
C) in a one-way thenmqradient plate. Temperatures in each 
cell were monitored and the rate of germination at each 
t e q ~ ~ ~ t u r e  for each genotype was determined as the inverse of 
time taken for 50% of the seeds to germinate. Figure 14 shows 
data for the variety Ikbiera. Rate of germination for each 
genotype at different temperatures was plotted against 
temperature to determine the base (Tb) ,optimum (To) and mimum 
(T,) knperatures for germination (Fig. 15 and Table 68). 
Fksponse of germination to temperature for each genotype was 
determined as the slope of the equation between Tb and To (Table 
68) . Lines differed in their optimum temperatures and Mexipak 
had the lowest (Table 68). Though base temperatures differed 
between genotypes, it was not significant. Genotypes differed 
in their rate of response to temperature with Gomam having the 
lmest rate, implying that it was slm to respond to increasing 
temperatures. Debiera and Nesser had a similar response. Some 
of the lines which had performed well in the regional yield 
trials had the highest response rate. 

Cambining higher optimum terpratures with higher 
response rates should result in better adapted germplasm for 
regions where high temperatures occur at sowing. - 2.1. Mi, V. 
Mahalakshmi, G.O. Ferrara, J . M .  Peacock 



Table 68. Cptimum, base tenperatwe and rate of response of 
germination to temperature for a selection of bread wheat 
g-*- 

Genotype Optimum Base temp Germination 
temp response 
("c) ("c) (10-h-' OC-') 

NesSer 26.6 0.07 1.45 
F l m o r k  28.0 1.98 1.57 
m a  26.0 0.51 1.55 
Vulture 26.6 0.25 1.35 
Seri-82 26.2 0.48 1.35 
WY~/S~P 26.7 0.33 1.47 
RBS/anza 29.8 0.00 1.28 
Mexipak 22.1 0.80 1.38 
Gamam 24.9 0.66 1.22 
Debeira 26.9 0.00 1.36 
Sakha 24.2 2.04 1.65 
F@UT MR-92-8 26.3 1.28 1.64 
RWrr MR-92-10 23.5 0.88 1.65 

Debeira 
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Fig. 14. Effect of tarperatwe on the r a t e  of germination in 
bread wheat cultivar Debeira. 



Temperature ("C) 

Fig. 15. General response of rate of germination to 
W t u r e ,  where T, = base temperature, T 9, = optimum 
tmperature and T - temperature for germination. 
4.2.3. ?qroncmy 

See pages 37-40. 

4.3. Pathology 

Results highlight work on germplasm pools for s o w s  of 
resistance to diseases, the Bread Wheat Key Location Disease 
Musery results, and losses due to yellow rust. 

4.3.1. Germplasm Pools for Sources of Resistance to Diseases 

tlxing the 1988 - 1994 seasons, several gemplasm pools for 
sources of resistance to bread wheit diseases have been 
developed (Table 69) . The pools include 311 lines: 118 for 
yellw rust, 66 for leaf rust, 64 for septoria tritici blotch, 
39 for ccarnnon bunt, and 24 for stem rust. The performance of 
the lines against the respedive disease, together with other 
disease data are available from the Cereal Program. Seed of 



these pools are preserved in the Genetic Resources Unit of the 
Center for further studies. - O.F. Mamluk, M. Naimi 

Table 69. No of lines in the germplasm pools for sources o f  
resistance to bread wheat diseases and the number of sets 
dbtrihlted (1988-1994). 

Germplasm pool No of resistant No of sets 
for lines distributed 

Yellow rust 118 17 0 
Leaf ruSt 66 127 
Septoria blotch 64 14 0 
Gammon bunt 39 76 
Stern rusk 24 40 

4.3.2. Key Location D i s e a s e  Nursery 

Useful1 information on the Wheat Key Lccation Disease Nursery 
was received from Tel Hadya on septoria tritici blotch, barley 
yellow dwarf virus (BYW) ', and cammon bunt (Fig. 16) . Out of 
the 252 lines in the Nursery, 73 (29%) showed resistance to 
septoria, and 50 (20%) to BYDV. All were susceptible tc cammon 
bunt. However, 17 lines (7%), (Nos. 1, 3, 25, 37, 56, 114, 
121, 124, 126, 147, 156, 179, 189, 201, 202, 256, and 263) had 
resistance to septoria blotch and BYDV. - O.F. Mamluk, A. 
Yaljarouka 

4.3.3.  Crop Losses IXle to Y e l l o w  Rust 

Results of the crop loss assessment trials are presented in 
(Table 70). Both fungicides suppressed yellow rust development 
substantially on the susceptible cultivars, Mexipak, Cham 4, 
Ghurab, Cham 6, and Bohouth 6, however, no significant 
differences were found among the treatments. Except in cultivar 
Shuha, both fungicides caused a yield increase of the cultivars 
mrqing from 1.5 - 22.2%. - O.F. Mamluk 

2~ata from Virology Lab./ICARDA 
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%resistant lines 

septoria BY DV septoria + 
blotch BY DV 

D i s e a s e  

Fig. 16. Percent resistant lines in the Bread Wheat Key 
kcation Nursery (WKL-92) to septoria tritici blotch and barley 
yellow dwarf virus (BYDV); selection criteria: score 5 on 0-9 
scale. 

4.4. International Nurseries 

4.4.1. Gcreenirag for Boron Toxicity Tolerance 

A total of 140 entries from the 1992-93 Bread Wheat Crossing 
Block were tested (see Section 2.6.1.1 for details). There was 
a large variation in symptom development among the lines. Lines 
with low B toxicity syrptorns and tissue concentsation are 
presented in Table 71. It is significant that 6 entries had a 
symptcrm score as low as, and B concentration lower than, 
Halberd, the tolerant check. The cross Shi#4414/Crow\Sr appears 
3 times in Table 71, indicating it processes gene(s) for 
tolerance. Entries 4, 72 and 73 were very sensitive to B 
toxicity, displaying 'mid-leaf necrosis' symptom. Whether they 
are efficient in B uptake when qr- in B deficient areas needs 
to be investigated. - S.K. Yau, J. Hamblin, G. Ortiz-Ferrara 



Table 71. Entries in the 1992-93 Bread Wheat Crossing Block 
ha;ving least B toxicity symptan and tissue B concentration 5 
weeks after sawing in soil added with 50 mg B / k g  soil. 

Eht. B Name/cross 
no. conc. 

(PP) 

Qlecks: 
Tolerant 447 Halberd (from Australia) 

Sensitive 
49 937 Zidene 89 

4.4.2.  Nursery Distr i lx l t ion in 1993 

Regional bread wheat nurseries assembled by the joint 
CIMMYT/ICHXYA bread wheat project at ICARDA are given in Table 
72. The Regional Crossing Block was not assembled this year. 
There were 6 nurseries and 4 germplasm pools, with a total of 
465 sets distributed. The a g r m t  between ClMMYT and ICNUN 
on spring wheat nursery preparation and distribution was 
hplemented starting 1991-92. Under this agreement the names of 
the yield trials were changed this year from 'Lad Rainfall' to 
'Semi-arid' and from 'Moderate Rainfall' to 'Favorable' in 
order to reflect better the target areas of the nurseries. 
These two trials included the best lines from the 1991-92 joint 
observation nurseries which consist of lines supplied from the 
CIMMlT base program in Mexico (with seed multiplied at Tel 
Hadya, Syria). Both observation nurseries and yield trials were 
restricted to the WANA region. Three new germplasm pools (for 
yellm rust, leaf rust and septoria tritici blotch resistance) 
were assembled by the wheat pathologist, in addition to the 
stem rust resistant germplasm pool made available last year. - 
S.K. Yau, G. Ortiz-Femara 



Table 72.  Bread wheat Regional Nurseries for 1993-94. 

Abbre- No. of No. of sets 
M r Y  viation entries distributed 

Regular Nurseries 
Segregating FqniLations WSP 130 4 0 
Observation N u r s e r i e s :  

- Semi-arid Areas WON-SA 216 39 
- Favorable Areas WON-FA 202 45 

Yield Trials: 
- Semi-arid Areas WYT-SA 24 44 
- Favorable Areas WYT-FA 24 54 

Specif ic-Trait Nurseries 
H e a t  Tolerance Obs. Nur. HTDN 54 49 

Sub-total 

Gennplasn Pools for Sources of Disease Resistance 
Stem R u s t  WSRGP 24 40 
Yellow R u s t  WYRGP 27 53 
Leaf Rust WLRGP 4 0 57 
Septoria tritici blotch WSTGP 23 44 - 

Sub-total 194 --- 
Total 465 



5 .  FACULTATIVE AND K l X P E X  WHEAT (FWW) BREEDING 

5.1. Introduction and Observations 

For several years, there have been hints of major crop limiting 
factors on the Anatolian Plateau (and hence in other 
facultative and winter wheat production environments in WANA) . 
However, it is difficult to tailor breeding methodologies to 
continually re-defined objectives. It now appears as if 
micronutrient deficiencies andtoxicities, and hyper-occurrence 
of nematodes, m y  greatly influence FWW cereal production 
systems throughout WANA. What is gratifying is that an 
inquisitive spark has ignited a fire storm of interest, 
research and inquiry, both within the international centers 
and, of perhaps greater imprtance, in national agricultural 
research programs. 

Micronutrient trials coriducted in moperation with the 
Bahri Daqdaq, Konya, and Transitional Zones, Eskisehir, 
agricultural research institutes showed a large response of 
cereals to elemental zinc application. In some cases, grain 
yield doubled as a result of zinc application. Boron toxicity 
is also thought to be wide spread on the Anatolean Plateau. 
Micronutrient deficiencies are of particular concern for cereal 
breeding in this region not only because of production 
limitation but because of their influence on reproductive 
sterility. Zinc and copper deficiency m y  not overtly 
influence general plant phenotype and thereby result in a 
deceptively good-looking plant which is selected by 
observation. Wlt in fields known to be deficient in zinc, 
correlations between phenotypic score (appearance) and grain 
yield and weight are low. Thus, breeding for these stresses 
will require quantitative in situ selection. 

TWO nemtolqical surveys were conducted in Turkey with 
the assistance of Dr. Gerhard Lung, University of Hohenhehn and 
the Turkish Ministry of Agriculture. Cereal cyst ( a ,  
Hetercdera avenae) and root lesion (Fratylenchus spp.) 
nematodes were found across the Anatolean Plateau. At several 
lccations, the CCN density was higher than the economical 
threshold and significant yield losses were expected. An 
association between the cccullence of a and soil zinc 
deficiency was also found. Infection with CCN m y  begin in 
autumn, unlike elsewhere, thus two generations per year m y  be 
expected. High autumn densities of ETatylenchus spp. on wheat 
seedling were found. The influence of autumn infestation vis 
a vis apparent spring "winter kill" in winter wheat and barley 
on the Plateau is a topic being further investigated. 



Dr.  Lindsey Penrose, Wagga Wagga, Australia has assisted 
i n  enhancing our understanding of the importance of 
vernalization in wheat t o  FWW e n v i r o m t s .  When sown a t  Tel 
Hadya in the autumn, l i t t le difference i n  time of spike 
in i t i a t ion  for  spring, facultative and winter wheats is 
observed. This is because a l l  genotypes are q s e d  t o  similar 
growth-repressing cool temperatures and the often sudden break 
between winter and spring temperatures. Vernalization m y  
ef fec t  cereal production t o  a greater extent where autumn stand 
establishwnt is h p r t a n t ,  however, its influence i n  defining 
a dist inction w i t h i n  the facultative/winter complex m i n s  
dubious. 

5.2. MeUloaology and Philosophy 

The year 1993 marked the completion of integrating the 
CIMl%T/ICARDA Facultative, and the CINMYT/Turkey Winter Wheat 
breeding programs into  one, jointly coordinated, Facultative 
and Winter Wheat (FWW) Breeding Prcqram. D r .  Hans-Joachim 
Braun, Winter Wheat Breeder based a t  CDlMkT/Ankara, is the 
project m l e a d e r .  Integration entailed identifying camon 
goals and strategies,  standardizing nurseries, eliminating 
duplication in germplasm and work ac t iv i t i es ,  coordinating and 
targeting crossing ac t iv i t i es ,  and exploiting available 
resources and t a len ts  thereby increasing the efficiency and 
effectiveness of the joint  FWW program. 

Because of the  re-thinking involved i n  joining two 
breeding programs into  a unified FWW team, I smimrize our 
breeding methodology. W e  recognize that only through the team 
approach can our resources (material and human) be ut i l ized 
effectively resulting i n  improved gerinplam for  the facultative 
and w i n t e r  wheat e n v i r o m t s  of WANA. Without the assistance 
of any of the  individuals and organizations footnoted i n  the 
following text, our mission would be much more d i f f i cu l t  and 
less meaningful. 

5.2.1. Crossing 
Izmir. WxW simple -100 crosses. (WxW)xW top -250. 
T e l  Hadya. W simple -350. (sxW)~~W top -250. 

Sinple and top cross cambinations are designed i n  advance of 
anthesis. Crosses made by the FWW program, regardless of 

Dr. Sanjaya Rajaram, Head, Germplasm Improvement, Wheal Program, CIMMYT, 
Mcxieo. 



actual location of crossing, are designated by the code "CIT" 
reflecting the cooperative association of the FWW p m  
between CIMMYT, I C .  and the Ministry of Agriculture of 
Turkey. Detailed parental information is assessed and gleaned 
throughout the following breeding methdology. 

The FWW program utilizes exotic X adapted simple cross 
cconbinations. Exotic germplasmmy contribute specific disease 
or quality characteristics, or yield potential/adaptationgenes 
important in other aqro-ecological mega-environments. 
FhtBmenbl to this philosophy is the use of spring X winter 
(SxW) cross combinations. Elite FWW germplasm is sent to 
~IMMYT/llexicd where crosses are designed to exploit yield 
potential, broad adaptation, and disease resistance of the 
spring wheat parents. 

Simple use of exotic germplasm in a crossing program 
necessitates reliance on top crossing to re-establish general 
adaptation to the target environment(s). True F, seed is 
returned from Mexico to the FWW program where top crosses are 
made to incorporate traits required for specific adaptation to 
FTANA FWW enviroments (e.g., photoperiod, resistance to yellow 
rust (Fuccinia striiformis) , common bunt (Tilletia tritici) or 
smut (Ustilago tritici) , tolerance to cold or boron). 

Cumra4, ~skisehig, Tel Hadya, 
-1000 entries. 

Fz Shuttle. 

To facilitate rapid generation advanmt, F2 seed harvested 
in May from F, plots at Tel Hadya is dispatched to Bethlehem, 
S A ~  for increase, observation (e.g., winter kill, Diuraphis 
noxia, leaf (P. reaondita tritici) and stem (P. graminis 
tritici) rust, mturity, quality) and selection. F3 seed is 
returned to Izmir for planting in December of the same year, 
allowing observation (e.g., leaf, stem and yellow rust, 

%r. Engin Kinaci, Director, Bahri Dagda> International Winter Cereals Research 
Center, Konya, Turkey. 

Dr. Fahri Altay, Director, Transitional Zones Agricultural Research Institute, 
Eski~ehir, Turkey. 

Dr. Hugo van Kiekirk, Grain Crops Research Institute, Bethlehem, South Africa. 



maturity) selection and harvest in  June of the subsequent year. 

Ankara7, Cumra, Eskisehir, mime8, Tel Hadya, 
-800 entries. 

5.2.4. Segregating Populations (SegPop) 
Ankara, Cumra, Eskisehir, Edime, I&, Tel Hadya, 
-600 entries. 

Multi-location testing is an integral conpnent of the FWW 
program breeding methodology. E n v i r o m t a l  variabili ty,  
typical within WANA, necessitates a serendipitous approach to 
data gathering; some location-years w i l l  provide reliable data, 
some may provide unexpected data, while others may provide 
l i t t le useful information. Nurseries containing segregating 
germplasm (i . e. , F2, F3, Segpop) are screened for tolerance to 
cold, reaction to leaf, stem and yellow rust,  mtu r i ty  and. 
height, phenotypic score, grain yield, and grain quality. 

Introduced segregating populations, grown i n  Cumra, are 
routinely obtained from Oregon State university1' (OrSU),  t he  
G r e a t  Plains of the USA' ' , ~ i ~ ~ a r i a ' ~ ,  and the Wkish National 
Wheat Improvement ~ r c g r a l n ~ ~ .  

' Mr. Vedat Uzunlu, Director, Field Crops Improvement Ccnter, Ankara, Turkey. 

Dr. Ahmct Bulbul, Director, Trakya Agricultural Research Institute, Edirne, Turkey. 

" Dr. T. Mahlooji, Director (3encra1, SPII, Karaj, Iran. 

'O Dr. Warren Kronstad, Wheat Breeder, Oregon State University, Corvallis, OR, 
USA. 

l1 Dr. C. James Peterson, USDA Regional Coordinator, University of Nebraska, 
Lincoln, NE, USA. 

'' Dr. Dora Boyadjieva, Hcad of Wheat Breeding, K. Malkov Institute, Sadovo. 
Bulgaria. 

l3 Mr. Nusret Zencirci, Coordinator, Turkish National Whcat Imprclvernent Program, 
Ankara, Turkey. 



Frcw (generally) F3 populations deemed worthy of m e r  
selection (based on multi-location/year observations or 
population cross-combination objectives), individual spikes are 
selected in Cumra. Populations are represented by 96, 48 or 12 
spike vheadmwsll depending on the origin of the population, 
cress combination objectives, and degree of selection in 
previous generations. 

Periodic plots of "Bezostaya" and "Gerek 79" are used to 
orientate location in the headrow nursery, and act as maturity 
and height standards, and disease incculum sources. The 
nursery is mist-irrigated and artificially inoculated with 
yellow rust to encourage epiphytotic development. Select 
populations are also inoculated with common bunt to allow 
discrimination of susceptible genotypes. 

In addition to the headm nursery, the SegPop nursery 
represents the respective headrow populations grown in bulk and 
allows one further cycle of population performance evaluation 
prior to headrow selection, as well as a germplasm reserve 
should problems occur prior to harvest of the headraws. 

Selection of a headrow, per se, is based on multi- 
location/year population perf o m c e  (F , F3, Segpop) and 
distinction between headrows within a population based on 
disease reaction, maturity, height, vigor, and general 
phenotype. 

5.2.6. Preliminary Yield Trial (PYT) 

Cumra, Eskisehir, 1nnir14, Tel Hadya. 

Preliminary yield trials (-1500 entries) are single replicate 
nurseries with alternating G e r e k  79 and Bola1 checks every 
tenth plot. Selection is based prkily on readion to leaf 
and yellow rust, maturity, phenotypic score, grain yield and 
grain grading (size and color). Spacial statistical analysis 
is used (e.g., Tho-D) to obtain grain yield rankings within a 
location. 

Because germplasm entering the FIT nursery is from a 
relatively early generation F3-derived headrow, genotypic 

l4 Dr. Ertug Firat, Director, Aegean Agricultural Research Institute, Menemen, 
Turkey. 



hetaqeneity m y  cccur. If the hetercgeneity is too severe 
(e.g., for extremes in plant height, mturity or disease 
susceptibility), the "population" is discarded. Lines with a 
mderate to low level of heterogeneity are not discriminated 
against, but are advanced in the yield perfonrance evaluation 
scheme. ?he reasoning behind retention of ltmixed'l lines is 
two-fold: 1) That population heterogeneity m y  lend itself to 
performance stability in variable stress environments, and 2) 
CIMMYT develops germplasm in cooperation with national 
programs. One division of labor in this partnership envisions 
germplasm generation by the former and testing, purification 
and multiplication by the latter group of organizations. 

5.2.7.  Yield T r i a l  (YT) 

Ankara, C w a ,  Eskisehir, Tel Hadya, ~i~arkakir'~, Edirne, 
~rzunnn~~, Iran, Izmir, ~omania'~, CIMMYT/Mexico, OrSU. 

Regional yield trials (-500 entries) are planted in replicated 
nurseries at Ankara, Cumra, Eskisehir and Tel Hadya, and single 
replicate yield nurseries at Diyarbakir, Edirne, Erzururn arid 
Iran. Standard check genotypes are planted every tenth plot to 
facilitate spacial statisticalanalysis. Opportunistic disease 
observation occurs at all locations, while at Izmir, Tel Hadya 
and R m i a  intensive screening for leaf and yellow rust 
occurs. Tel Hadya also provides screening for industrial 
quality1' (NIR spectral analysis for protein concentration, 
particle size index, and kernel weight), common bunt, and 
response to vernalization and photoperid. 

Genotypes are currently sorted into yield trial sub- 
groups based on grain color (&/white) and presumed target 
environment (rainfwdual-purpose/inigatd) based on plant 
height and maturity). Future yield trial genotypic segregation 
will also be based on response to photoperiod. Germplasm 
developed through the FWW program will be classified as 

Is Mr. Irfan ~ z b c r k ,  Wheat Brccdcr. Southeast Anatolia Agricultural Research 
Inslitute, Diyarbakir, Turkey. 

l6 Mr. Muarnmcr Savas, Director, East Anatolia Agricultural Research Institute, 
Erzururn, Turkcy. 

l7 Dr. Marijana Ittu, Whcat Pathologist, Cereals Institute, Fundulea, Romania. 

Is Mr. Fouad Jaby El-Haramein, ICARDA, Syria. 



pholmpriod neutral 81facultativet8 types (suitable for northern 
Syria, southeastern Turkey, the Atlas Mountains, and areas in 
Iran), or photoperid responsive Itwinter8' types (suitable for 
the Anatolian Plateau, Iran, and Afghanistan) from screening 
for maturity at Edirne, Izmir, and Tel Hadya. All FWW 
germplasm will m n d  to vernalization, a trait with inplied 
advantage in the WANA target drought environments, and by 
association be cold tolerant. 

5.2.8. International Nurseries 

Ankara, C m ,  Eskisehir, Edirne, Erzurum, Iran, 
CDlMYT/Mexiw, OrSU, Tel Hadya. 

Candidates International (CANIXT) is a nursery (-300 entries) 
camposed of introduced germplasm, sent from non-WANA FWW 
programs, to be considered for inclusion in the Facultative 
and Winter Wheat Observation Nursery (FAWDN), which is 
distributed in partnership between CIMMYT, ICARDA, the National 
Wheat Improvement Prap-am of Turkey, and Oregon State 
University. The FAWWON is currently distributed to 133 FWW 
breeding programs in sixty wuntries. 

The F A W N  is a wllection of FWFJ advanced lines and 
cultivars. In addition to volunteered, introduced germplasm 
(frcun CANlNC), principle germplasm contributors included 
CD4MYT/IcARlX/Turkey ( from YT) , ClNWT/Mexiw+xkey, 
CllWfT/OrSU, and the National Wheat Improvement Praj=ram of 
m k e y  (from czwru~) . 

5.2.9. Advanced Yield Trial (AYT94) 

Ankara Cumra, Eskisehir, Tel Hadya, Diyartsakir, Edirne, 
smunf9. 

Outstanding CIT FWW gemplasm is tested in a three replicate, 
triple hkdded lattice (-75 entries including checks). This 
is the precursor nursery to a planned Regional Yield Trial. 
Germplasm is intensively screened for ellow rust, cammon bunt 
a d  tolerance to boron at Tel Hady&', high mlecular weight 

l9 Mr. Hasan Ozcan, Wheat Breeder, Black Sea Agricultural Rescarch Institute, 
Samsun, Turkey. 

20 Dr. Omar Mamluk, Wheat Pathologist, ICARDA, Syria. 



glutenin bands and industrial quality paramters at 
cZlMMYP/Mexid. AYT CIT germplasm, and outstanding FAWWON 
entries, are intrcduced into Crossing Block Facultative and 
W i n t e r  (CBFW). - T.S. P a p  

21 Dr. S. K. Yau, Wheat Breeder, ICARDA, Syria. 

22 Dr. R. Javier Peiia, Cereal Chemist, CIMMYT, Mexico. 



6.1. Describing Polymorphic Canplexity of Aphids w i t h  RAPDFCR 

Aphids are among the most important of more than 60 insect 
species that attack wheat and barley in WANA. Many aphids are 
native to central and western Asia. Greenbug, ~chizapkis 
graminurn, bird cherryat aphid, Rhoplosiphuni padi, corn leaf 
aphid, Rbopalosiphum maidis, and Russian wheat aphid, ~iuraphis 
m i a ,  often cause econcnnical losses in what and barley. ?hey 
have been extensively studied in Europe, and in North and S o u t h  
America, but relatively little is known of their biology, 
distribution, dispersion and economic importance in WANA, and 
wen less about their natural enemies-the parasitic 
microhymenoptera and predatory Coleoptera and Diptera. Surveys 
in rainfed areas of Turkey and Syria (Miller et al., in press) 
show that if insecticide use is law then natural enemies are 
widespread. Natural enemies are adversely influenced by large 
scale applications of nonspecific insedicides. This, coupled 
with increasing tolerance to insecticides by some aphid 
species, has disrupted natural homeostasis in parts of WANA. 
To reestablish or protect this hameostasis naturally occurring 
bioagents must be adequately described and enhanced. 

RAPE-FCR is a rwA analytical technique that allows the 
separation of genetic differences among species and. races of 
organisms. WEFCR analysis was conduded on field samples of 
aphids and natural enemies from Syria, Iran and the USA at the 
Departmmt of Ehtomology at Washington State University (WSU) 
using facilities and protocols developed by Dr. Lynell 
Tanigoshi. The initial analyses identified WI primers useful 
in analyzing Russian Wheat Aphid (RWA) and its natural enemies, 
and examined the use of ethanol preserved specimens for KX 
analysis. 

Distinct banding patterns for parastoids and RWA were 
achieved using the A4 primer (Fig. 17)(0peron Technologies 
Inc. (1000 Atlantic Ave., A l e ,  CA 94501) . Lyophilized 
samples, fresh samples, and ethanol preserved samples all 
yielded similar banding patterns, although ethanol patterns 
were slightly lighter than those from fresh or lyophilized 
samples. Different banding patterns were obsemed f m  
identical species of RWA originating from different geographic 
localities and from different species of natural enemies. 

Ethanol preserved collected material from remote areas of 
WANA can be used for lXR analysis. These data suggest that the 
A4 primer adequately discrhimtes between species and races 
of IWA and its hymenopterous parastoids. BAM, ECO and a31 
primers also have this capacity (Black, et al., 1992). 



Fig. 17. Banding patterns resulting from RAPD-FCR analysis (A4 
p r k )  of FWA and various natural enemies prepared from fresh 
and ethanol-preserved samples. Single insects were used to 
generate each band. Bands are from 1) DNA mrker, 123 base 
pair interval, 2) Aphidius asychis (USA), 3 )  A. asychis (USA, 
ethanol), 4) Aphidius varips (USA), 5 )  A. variw (USA, 
ethanol), 6) Aphidius dbopodus (USA), 7) A. albopcdus (USA, 
ethanol), 8) Diaeretiella rape (Iran), 9) D. rape (Syria, 
lyophilized), 10) D. rape ( USA, ethanol), 11)RWA 
(Syria,lyophilized) , 13) FWA (USA, ethanol), 13) T&JA (USA, 
ethanol), 14) Y O  control, 15) DNA marker, 123 base pair 
interval. Arrow indicates major band located at approximately 
738 BP as estimated from DNA markers. 

6.2. Russian Wheat Aphid 

Ms. Nada Rechmany (Lebanese University) and Mr. Anas Ahmed F. 
Elmulla (Sudan) surveyed Russian wheat aphid natural enemies in 
wheat and barley, and campared the performance of one, 
Diaeretiellarape, at different aphid densities in the plastic 
house. Natural enemies observed (Table 73) included syrphids, 
chamemyids, coccinellids, D. rape, Aphidius sp. , and some as 
of yet unidentified microhymenoptera. Barley harbored the most 



IWA and D. rape. Predators were more numerous on wlzeat. 
However the total nuriLber of natml enemies was greater on 
wheat as were the number of aphid nnmnies in which the parasite 
had died. The most D. rape murmnies were colleded about 6 
days from miposition (Fig. 18). This was most easily observed 
at aphid densities of 100 or more in cages where 2 adult 
females were initially released for 24 h. At densities of 10 
aphids no peak in parasitoid emergence was noted and 
essentially all aphids were parasitized. 

These results reveal a rich natural enemy fauna that 
should be preserved and m y  be enhanced. Microhymenoptera and 
chamemyid flies are especially interesting against FUA because 
of their ability to enter tightly curled leaves caused by W A  
infestation. D. rape, a known generalist parasitoid, nay be 
effective against high populations of several aphid species in 
the absence of insecticide contamination or adverse cultural 
practices. 

Table 73. Result. of survey for RWA and its natural enemies 
conducted on FNA screening hill plots at Tel Hadya, 1993. 

Variable Barley Bread Wheat 

IWA Damage Score 3.72 3 . 8 0 ~  

% Inf. tillersfiill 49.50 38.80* 

W l O  tillers 204.52 185.2811s 

Predators/lO tillers 2.28 3.64* 

Parasitoids/lO tillers 55.64 63.6Ons 

D. rape/lO tillers 16.48 10.56* 

Unknown parasitoids/lO 15.76 17.56* 
tillers 

Syrphids/lO tillers 10.4 1.4411s 

Chamemyids/lO tillers 0.64 1. 00* 

Coccinellids/lO tillers 0.36 1.21~ 

Dead nnmnnies/lO tillers 23.40 35.48* 

Total natural enemies/lO 57.92 67.24* 
tillers 



-€+ 10 Aphids 
--E+ 50 Aphids 
-a- 100 Aphids 

150 Aphids 
+ 200 Aphids 
--0-- 250 Aphids 

Days from parasitoid removal 

Fig. 18. Performance of D. r a p e  in cage trials under 
different aphid densities. Tm adult female D. r a p e  were 
placed in a cage containing aphids for 24 h, after which they 
were r e m ~ ~ e d .  Mummies w e r e  counted and removed fm the cage 
as they appeared. Data w e r e  collected by Ms. N. Rechmany and 
Mr. A. E m l a .  

6.3. wheat sten sawfly (WSS) screening Trials 

Table 74. shows results of WSS screening under natural 
infestation in  a farmer's field at Saraqueb approxktely 20 Ian 
south of Tel Hadya. Insufficient m e d  sawflies were 
available to produce uniform sawfly coverage in caged screening 
trials conduct& at Tel Hadya and are not reported. 
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6.4. Wheat Stem Sawfly Yield Trials 

Small scale yield trials were again conduded to examine yield 
loss due to wheat stem sawflies using more varieties than in 
previous years and a susceptible and resistant check (Table 
75) . Results are shown from trials planted in a farmer's field 
at Saraqueb, a WSS Ithot spot1' 20 km south of Tel Hadya. WSS 
infestations were inadequate for differentiation at Tel Hadya 
and are not reported. In all cases the susceptible checks had 
significantly higher rates of sawfly infestation than did other 
lines. Yield results were mixed with some lines in each 
cormnodity outyielding the susceptible check. Most WSS 
resistant lines had moderately to good yields across 
caaxdities. The barley line FB73-075, a forage barley that 
has experienced the lowest sawfly infestations over the past 
few years, was similar to the susceptible check this year. 
This suggests that this line frequently escapes WSS 
infestaticn. WSS escape in barley may be the best resistance 
mechanism available as no solid stem barleys have yet been 
reported. In bread wheat the cross Shi#/4414/Crow'Sf gave high 
yields with good sawfly resistance. Offspring of this cross 
have also shown Hessian fly tolerance in field trials in 
Morocco. - R.H. Miller 
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7.1. Rye Inkogressions into Wheat 

7.1.1. The Crossability between Wheat and Rye 

Many varieties in the world carry all or part of chronnsome 1R 
f m  Secale cerde. The rye chromatin has provided an 
important, additional source of disease resistance for wheat as 
well as better adaptation. m e  to the widespread use of wheat- 
rye translocations/substitution lines most of the resistance 
genes conferred by the rye chromosome have been more or less 
broken (Pm8 paJdery mildew, Sr31 stem rust, Lr 26 leaf rust, Yr 
9 yellow rust). 

This research attqts to introduce new rye chromatin 
into locally adapted wheat germplasm to identify new resistance 
genes or different alleles. Fifteen inbred rye lines (kindly 
provided by G. Sales, Saskatmn, Canada and T. Lelley, 
University of Vienna, Austria) were crossed to 20 locally 
adapted bread wheat varieties. Paphihaploid hybrids were 
obtained without the help of embryo rescue. A crossability 
percentage of between 0-5% indicates that all wheat varieties 
used carried the dominant crossability genes Krl and Kr2. The 
germination rate of the hybrids was low. Successful hybrids are 
easily distinguishable from selfings as the seeds are small and 
shrivelled. Hybrids were grown up and colchicine treated (0.1%) 
to induce diploidisation. The amphidiploids (ax-triticale) are 
being backcrossed to the wheat parents to produce a haploid rye 
genome. Because of trivalent pairing (one rye and two wheat 
chrmnosomes) in the meiosis of such hybrids, selfing will 
prcduce spontaneously rye intrcgressions in the progeny. 

In collaboration with Dr. A.B. ALmouslem, Alepp 
University, C-banding is used to monitor rye intrcgression. Rye 
specific repetitive sequences (DNA-marker) are being evaluated 
to follow the rye intrcgression into wheat on southern blots 
( ~ S C  7, 33, 119.1.3, 119.2.1, 5.3 H3 and 7235.1). These 
sequences can also be used for in situ hybridizations on 
metaphase chromosome spreads. - M.Baum, A.B. Almouslem, T. 
Lelley 

7.2. The Barley Mapping Project 

This study uses a system of marker (RFLP, PCR) assisted 
selection. A collaborative research prcgram has been developed 
with the University of Miinchen, Weihemtephan (Prof. Dr. G. 
Fischbeck) . The cross Tadmr x WI2291 was chmsen for this 
study. Tach-nor, is susceptible to powdery mildew and resistant 
to scald and root rot. WI2291, is resistant to powdery mildew, 



susceptible to scald and root rot. In the segregating 
populations a likely monogenic (pwdery mildew), oligagenic 
(scald) and polygenic ( m t  rot) inherited traits are 
segregating. 

Crosses with purified parents have been performed in both 
directions and several F2 populations have been produced. One 
F2 population will be advanced further using Single Seed 
Descent (SSD) to F6. At the same time a MI population f m  F1 
hybrids is being developed at ICARDA. The parents are being 
amlysed for marker polymorphism in Weihenstephan and at 
1'.2ARIA. - M.Baum, S. Ceccarelli, S. Grando, A. Gland, A. 
Jahoor, G. F. Fischbeck 

7.3. The Dunnn Mapping Project 

In 1993 a cross was made between Jennah Khatifa (resistant to: 
Septoria tritici, drought, common bunt and good grain quality) 
and Cham 1 (resistant to yellow rust, dryland rmt rot, 
responsiveness to high input conditions and having good 
adaptation). For mapping purposes three populations of this 
cross are being advanced further using SSD. The population 
will be made available to other researches in the d m  network 
for mapping purposes. 'It\ro different T. dicoccoides lines have 
been crossed and backcrossed to Omrabi5 and Korifla. The 
parents differ for yellow rust, septoria, leaf rust, and 
quality. The populations are also being advanced by SSD to 
pduce a homozygous mapping population. - M.Baum, M. Nachit, 
M. Sorrells, P. Monneveux 

7.3.1. The Mapping Approach 

Currently, already mapped RFLP-clones (see table below) are 
being prepared for their use in the parental screening: 

RFLPmrker supplied plant species 
available at from developed for number 
ICARaA of clones 

CDO library Cornell oats 102 
BCD library Cornell barley 102 
WG library Cornell wheat 60 
MW library Gern!an Barley barley 56 

Mapping Project 
NAEGMP set Washington State barley 7 0 

University 
Kyoto set Tzunewaki/Liu wheat 150 



The plasmids containing the RFLP-sequences are transformed into 
a bactexial host using a heat shock system. The insert size of 
the clones is checked using a miniplasmid preparation (Fig. 
19). If the insert size is appropriate the clone is labelled 
with the non-radioactive steroid digoxigenin . The labeling 
efficiency of clones is checked after clones are 
electmphoretically separated and blotted onto nylon mmbranes. 
Visualizing is performed with the non-radioactive labelling and 
detection system developed by Boehringer, Mamheim. 

As in the International Triticeae Mapping Initiative 
(ITMI) RFLP- analysis of the parents uses five restriction 
enzymes (EcoRI, EcoEN, HindIII, BamHI, and Dra I). When 
polymrphisms are detected between parents (Fig. 20) the 
marker/enzyme cambination is used in segregating population for 
linkage analysis. 

Fig. 19. Restriction endonuclease digest of miniplasmid 
preparations of cereal RmS-clones. Upper band, plasmid (pUC 
19) ; bottom band insert DNA with various fragment length. 



P A R E N T S  t T a d m o r  W I 2 2 9  1 

Fig. 20. Clone C4 (F&nl&2) of the North American Barley Gene 
Mapping Project was hybridized to total genomic CNA of Tachnor 
and WI2291, restricted with the restriction endonucleases 
indicated. Restriction fragments hybridized with this probe are 
located on chramosome 6s and 75. Polymorphic bands can be seen 
in the EcoFT, BamH1, and EcoR1 digest. 

7.3.1.1. SequenceT.agged-Site (STS) Primer 

A sequence-tagged-site is a short, unique sequence, amplified 
by FCR, which identifies a known location on a chromosome. To 
date all STSs have been derived from well characterized DW 
probes or sequences. STS primers can be developed from sequence 
data of previously published DNA sequences. 

T. Blake, Montana State University, provided a set of 28 
SIS primers between 18 and 22 base pairs long. STS primers 
enable more stable and repeatable prcducts in ECR 
amplifications even though polymorphisms between parental lines 
are reduced. 

The cross Tachnor x Wi2291 was screened with STS primers 
for polymorphism, only a few primers revealed differences 
between the parental lines (Fig. 21). A much bigger number of 
this type of primer has to be prcduced to became useful in a 
breeder-friendly appmach of marker-assisted selection. 



Fig. 21. SrS primer analyses of Tadmor and WI2291. From the 
left to the right (bottom part of the gel): Primer pair 
TB14/KV14 used in PCR amplification with Tadmor lane 1, WI2291 
lane 2, primer pair ABG20 with Tadnor lane 3 and WI2291 lane 4, 
etc. 

7.4. M-Line Pmt%dion in Barley Using Anther Culture 

In previous years ICNUM produced successfully Eouble Haploids 
in wheat using anther culture and in barley using crosses with 
Hordeum l x l h s u m .  Even though producing CH-lines in barley 
through anther culture is currently difficult, the potential 
application for routine DH production urged us to investigate 
the possibility of this technique. 

The ideal mapping population for plygenic traits are 
double haploid populations. WI2291 has shown a good in v i m  
response whereas Tadmr is recalcitrant (Dr. A. Gland, pers. 
ccamrmnication). In an first experimental cycle F1 anthers were 
cultured in vitro using three different regeneration media. 
Though numerous calli were produced all regenerated plants were 
only albinos. Using Dissa, a german barley cultivar known for 
good in vitro response to optimize culturing conditions, plants 
were successfully regenerated and chromosomes were doubled by 
colchicine treatment. 



A new Tadnor x WI2291 cycle has started using different 
media (Dr. A. Comsu, Agriculture Canada) . lXe initial in v i m  
response of the cross has been improved greatly (Fig. 22). - 
M.Eiaum, A. Glan, A. Oaneau 

Fig. 22. Induction of barley embryogenic calli on tissue 
culture media. Anthers were obtained from F1 hybrids of the 
cross Ta&r x WI2291. Induction of calli was observed three 
weeks after anthers were plated and kept in the dark at 25'~. 

7.5 .  Transfer of Hessian F l y  Resistance to Dxum Wheat 

Hessian fly is a major biotic stresses for d m  producers in 
North Africa and resistance is lacking. Hessian fly resistance 
occurs in mainly tetraploid Aegilops species. To transfer this 
resistance to T. turqidum var. duruni a wide crossing program 
has started between INRA/INAV Morocco and ICAFUI. 

To broaden the genetic base of Hessian fly resistance in 
d m  wheat 150 accessions of mainly Pegilops ovata and A. 
triuncidis were screened. Individual Plants have to be 



screened because individuals vary in their resistance towards 
Hessian fly. Resistant plants at Settat, M o m ,  have been 
crossed with durum and bread wheat. Sixty crosses have been 
made but, as expxkd ,  seed set was low. From 19 hybrid seeds, 
embryos were excised and cultured on a IG media. Eleven hybrid 
plantlets were regenerated. Rmt-tips chromosome analysis 
verified that they are hybrids. Information was also obtained 
on the vernalization and day-length requirements of the wild 
Pagilops species. In the second crossing cycle heading dates 
for Aegilops and durum-bread wheats were better synchronized to 
enable a higher crossing success. - M.Baum, M.N. Nachit, M. van 
Slageren, A. Caneau, 0. Belhabib, N. Nassrallah 

7.6. Application of Molecular Marker Technology to Dunnu and 
Barley ~ r o v e m e n t  

In a collaborative research program between ImCornell- 
University and INRA-Montpellier, the diversity of the 
Mediterranean durum germplasm was assessed using RmPs and 
morphophysiolcqical traits. 

7.6.1 QTL Mapping of Agn~ncanic Traits in Barley 

An RFLP map of the m-odor x Nudid barley cross was developd 
at Cornell University by Dr. M. Heun. A total of 113 anther- 
culture derived double haploid lines of this cross have been 
evaluated for Quantitative Trait Icci ((ZTL) . Fourteen traits 
were measured in Syria in 1991, 1992 and Ithaca in 1992. 
M a m / Q T L  software was used to identify QTL loci. Qms were 
found for plant vigor, grawth habit, tillering, powdery mildew 
reaction, rust reaction and test weight. No Qm, were detected 
for leaf color, awn length and spike fertility at ICARDA in 
1991. In 1992, 6 loci were detected for spike fertility. At 
Ithaca in 1991, QTL were detected for heading date, plant 
height and grain yield, while in 1992 QTL were only detected 
for test weight, height and grain yield. Cnrmsome 2 had the 
most significant loci while c h r a o m e  6 had the fewest. 
Chromosome 2 most likely has important loci for vigor, growth 
habit, tillering, heading date, maturity, plant height, spike 
fertility, mildew resistance, test weight and grain yield. - M. 
Barn, M.N. Nachit, M. Heun, M. Sorrells 



7.6.2.  Association of Morphophysiologicdl h a i t s  in IX1MU Wheat 
with RFLP Markers 

Twenty five d m  wheat genotypes from CIMMYT/ICARaA program 
were analysed for mrphophysiolqical traits and RFLPs at 
I-, INRA-Montpellier and Cornell-University. A 1-9 scale 
was used for the mrphophysiolqical traits (Table 76). For 
RFLP analysis, clones of the Cornell barley library c m  (BCD) , 
cats (CEO) and wheat gendc (WG) libraries were used. The 
genotypes were analyzed with 39 probes for their respective 
RFLP pattern. They gave rise to 132 polymcrphic bands. The 25 
genotypes were divided into two populations according to the 
preserme or absence of each RFLP marker. 

Table 76. Traits (mrphological and mrphophysiologicdl) that 
are associated with RFLP markers in durum wheat 

%it/ Population n-ieans 
RFLP marker presence absence difference 

Leaf rolling index 
BCD348m 2.01 3.60 -1.59** 

Canow temperature 
CD31406c 1.44 

CN. flu. inhibition 
BCD758g 58.52 

Leaf water potential 
BCD758g -2.18 

Proline content 
BCD758g 141.80 

Awn length 
BCD348c 4.33 

Peduncle length 
BCD782c 5.89 

Early growth vigor 
BCD758g 6.00 

Spike fert. under stress 
BCD348 j 5.27 

Kernel weight 
BCD342i 51.13 

Grain yield (kg/ha) 
CD3395b 3091 
CD3395C 2487 
BCD1661e 2241 

-1. oo* 



Some markers w e r e  associated with grain yield under dry 
conditions and w i t h  morph~hysiolcqical t r a i t s  for drought 
tolerance. The presence of the RFLP marker CM3395b and the 
absence of CD0395c and E!CD1661e in a genotype w e r e  associated 
with high grain yields. RFLP markers are particularly useful 
when evaluating plant traits that are highly affected by 
environmental variation. Several RFLP markers were found t o  be 
associated w i t h  physiological t r a i t s  related t o  drought 
tolerance: leaf water potential, canopy temperature, 
chlorophyll inhibition and proline content. Surprisingly, some 
~mkers w e r e  associated with more than one t r a i t ,  e.g. BCD758g 
w a s  associa+& with chlorophyll fluorescence inhibition, leaf 
water potential and proline content. 

The associations found are not linkages between the trait 
and the markers. True linkages have t o  be detennined in 
segregating populations using linkage analysis. Nevertheless, 
the associations found preselect the numerousmarkers available 
and indicate possible linkages. - M.N. Nachit, M.Baum, P. 
MDnneveux, M. Sorrells 



8.1. Maghreb Region FTogram Report 

8.1.1. Introduction 

The Cereal Inprovement Prcgram's support t o  the Maghreb NAFS 
varies between countries. In Morocco and Tunisia, advantage 
w a s  taken of the prevailing c l h t e  stresses and related 
biological and abio lq ica l  constraints t o  identify superior 
germplasrri. T ies  between the various research and education 
insti tutions in regional disease and insect surveys and in 
training were strengthened. In Algeria and Libya, the main 
ac t iv i t ies  involved planning and implementation of research and 
related act ivi t ies ,  and on-the job training of junior research 
workers. The act ivi t ies  of the 1992-93 season can be 
summarisel as follows: 

a. Technical support t o  cooperative regional improvement 
research within barley and wheat breeding and diseases 
networks. 

b. Wilding national cereal research capacity through guidance 
and staff  developlment. 

c. Arranging the exchange of data and nurseries. 

d. Organizing regional meetings and travelling workshops. 

e. Accelerating transfer of improved technology t o  farmers. 

f. Establishing an inter-regional variety testing network. 

8.1.2. Seasonal Conditions 

The 1992-1993 season was particularly unfavorable for crop 
grawth. The four Maghreb countries usually gmw ten million 
hectares of small grains annually; however, due t o  the severe 
drought i n  Morocco and western Algeria, the area planted in 
1992-93 was about eight million hectares, and the area 
harvested still less. Average yields were generally law, 
except in some areas of northern Tunisia and north eastern 
Algeria, and from irrigated f ields  (around 400,000 hectares) . 
Drought and damage caused by Hessian Fly, Sawfly, BYW and 
Ftussian W h e a t  Aphid, resulted i n  very poor crops i n  the western 
half of North Africa. Production in Morocco and Algeria was 



a low 2.0 million ton each as oampared to an average of 3.5 and 
6 million tons for Algeria and Morccw, respectively. In 
Tunisia, early rainfall was accompanied by below average 
tenperatures (Nove~ka to March), while April and May were dry 
and warm. Nevertheless, Tunisiar s grain (around 2.0 million 
tons) and straw production was above average. In Libya, barley 
area w e d  further into traditional wheat growing areas and 
cavered some 85% of the total cereal acreage. There, weather 
conditions were god in Eastern Jabal Akhdar region, but drier 
and wanner than average elsewhere. 

Impact of improved agronomic practices throughout North 
Africa are the highlights of this season. This has mde it 
possible for small farmers to harvest a crop in areas mere 
less than a decade ago, similar stresses resulted in crop loss. 
The biggest advances were obtained in Algeria, through weed 
control and fertilizer use. 

8.1.3. Regional Coopention 

8.1.3.1. Breeding Activities 

Table 77 shows the types of nursery and their distribution in 
North Africa. Maghreb Cooperative Trials (MCT) are a new 
addition. They were assembled to allow a better choice for 
imports of seed of commercial cultivars from one country to 
another in years of drought and to e>cpose national varieties to 
a wide range of testing enviromts across North Africa. 
These joint variety and site-characterization trials were 
assembled for bread wheat, d- wheat and barley. There were 
three testing sites per country. The trial will be maintained 
for two consecutive seasons prior to changing erLtries, to get 
reliable data. 

Excluded from this table, is the nursery CMN. The 
responsibility for its preparation and distribution now rests 
with network leaders in UNDP project on Disease Surveillance 
and Germplasm Enhanmt. POM (&phiere drObservation 
Maghrebine) bread wheat, durum wheat and barley, however, 
included groups of lines having septoria, tan spot and net 
blotch resistance, respedively. 

Table 78 lists the most promising genotypes identified as 
valuable germplasm or for future release to farmers. It shows 
that in Algeria and Libya , in particular, the bulk of the 
germplasm is coming from intrduced nurseries. 

Table 79 lists the varieties released by the national 
programs. Table 80 shows that seed and insect transmitted 
diseases can be very important in dry years. They were 
identified by surveys in the region. These five tables give a 



broad overview of the regional breeding activities in North 
Africa. 

Table 77 .  Nursery distribution in North Africa 1991/92. 

-try/ Nursery(1) 

site RM MCP H.F Sept. BYDV 
B D W  B D W  

AU;ERIA 

Khroub X X X X X X  X X X 
SB Abbes x x x x x  
Tiaret x x x  
Guelma x 
El-Harrach x x 

LIBW 
Khoms X X X X 
El Marj x 
Zahra x x x x 
Azizie x x x x 
Fataeh x 

K)m 
MCH x x x x x  x x x x 
J. Shah x x x x x  x x x 
Tassaout x x x  x 
Douyet x x x  x x  x x x 
Annoceur x x x x x  x x 

TUNISIA 
Bej a x x x x  x x 
Kef X X X  X X 
M o m g  x x 
Taj erouine x x x 

(1) epiniere dlObservation Maghrebine (FOM): The POM provides 
elite germplasm from Morocco, Tunisia and Algeria. These POM 
are important in distributing lccal, adapted germplasm from 
NARS. Many lines were selected for further testing. H. F. and 
Sept nurseries carry specific resistance to hessian fly and 
septoria, respectively. These were also supported by the UNDP 
project. Same of these nurseries were also grown at ICARaA Tel 
Hadya, in Syria. B = Barley, D = Dxum, W = Wheat. 
MCl' = Maghreb Cooperative Yield Trials. 



Table 78. List of pranising genotypes identified by each 
country fma exchanged gemplasm for further testing or as 
valuable parental material. 

Country Barley IXlrum wheat B r e a d  wheat 

TUNISIA 31 BSNNA lines Stn/OMR.SH BT 2715-Attih CFB5836 
Owe 1255 Stn/Gote Iw"'11/4/mz/3/07Tnia 
(CRG 13/CFG 133) Cno/Elgan/Sn64= 

(ICW84) 
Lignee527/NK1272 Stn/Agia Cn067/Mfd/MonI~s~~/3/ 
(ICB 84-323) Seri= (W3 90/9 lIm) 
Lignee527/3/ Stn/Fg//ALTAR LirallS1l/BucllS1l/ 
Har?~ing/Avt//Aths PvnSIStl=(CM 88143) 

Go10 512/Cit// HD22 O~/HO~~Z~~//BUC 
Fuff/Fg/3/LWL llsll/Willlsll 5023 

(CM88500) 
OMR SH/Fmbi/ Hahn*2/Pr111s11 
Gs/Cit a43598 
W/OMR. SH 
OMR 16/Gerou 1 
OMR 15/m 
Awl 2/Bit 

SLB 47-81 WAIA 5 VeellS1l/LirallS1l 
W I  2291//M2q/DL71 RSAIA ll~lS1'//Eb/Kd 

Shwa3/Ptl/5/ WI~~~/anw"s" / / G m  
Shap/21563. . . 

~llsll /sprw"s" 
Vee1ISu/Nac 
Veel1Sl1/GhS 
Fch 3/Sni//Nkt 

LIBYA Aths/lignee 686 Om-Rabi 5 Acsad 574 
IGxi/Aths Om-Rabi 9 Zahra 4 
Kanthara ACSAD 299 Zahra 314 
Moroc 9-75 

m1OCCO BSNNA: 5-8-33-34- Om-Rabi 5 # 3: Iirmfen/Oauals' 
37-54-55-61-62-63- 98-Prl's' 
64-98-115-175-176- 
185-203-226-235- Aconchi 89 # 6: Mnq/AlQnfsf/249 
248-249-275-328 Sara 

-/ALTAR 84 # 38:HD2206/Horkfs1// 
rnc1sf/13ulfsf, 

NA-BYT: 28-42-48- # 85: HLX22O6/Mork1~'// 
54-64-70-105-108- W~C'S'/BU~'S' 
125-127-128-133- 
144-146-147-154- # 147 :AI-~~~S~~/HN~/CO~ 
179 



Table 79. Varieties released by National Pmgrams in 1992-1993. 

Country Barley Dunrm Wheat Bread Wheat 

Algeria Dahbia HOGGAR ZIBAN 
F?IHANE 03 HI= IvlDmm 
NAILIA ~ I I ~ I I  AIN ABID 
HAMRA KEBIR SIDI OKBA 
ACSAD 60 

*a AFUG 8 
w= 
W I  2291 

Morocc~ Cr279/07/Bgs INPA 1749 ~130-1-112 
INPA 1750 DR. 88/154 
INFA 1751 Rrtam*3/KS81126-5 
Yav*2/Sapi//Sln3 Saiss*3/Ks14-2 
T. Ttqidum,'3/AA/G/CC/ 
Bit 
D67-3/Gta//Boyero/Bit 
/m 



Table 80. Incidence of major diseases yd pests i n  the Maghreb 
countries in the 1992-93 growing season. 

Diseases and pests2 

Algeria 
B x x x  x x x x x  x xx xxx 
IIW X X X X  X X X  X 

BW X X X  XX X X  

Libya 
B x x x x x x x x x x x x x  
DW X 
I 3  X X 

Morocco 
B 
DW 
BW 

X X X X X  

Tunisia 
B X X  XX 

DW X X  

BW 

X 
X X X X  
X X X X  X XX 

1. Severe drought North Africa experienced in 1992-93 season, 
has shown that seed and insect transmitted diseases were 
prevalent on all cereals. In addition, PM and NB on 
barley, ST and TS of wheat remain the most widespread 
diseases even in dry years. Disease incidence: x = Small ; 
xx = moderate; and xxx = heavy. 

2. NB = Net Blotch; PM = Powdery mildew; SD = Barley stripe 
disease; LS = Imse smut; CS = Covered m t ;  YR = Yellow 
rust; ST = Septoria; !IS = Tan spot; BYDV = Barley Yellow 
barf Virus; H.F = Hessian Fly; SF= Sawfly; RWA = Russian 
Wheat Aphid. 



8.1.4. Other Activities 

8.1.4.1. Ceredl Travelling Workshop 

'It\ro barley scientists each from Morocco, Tunisia, Algeria and 
Libya and two ICARaA scientists participated in a barley 
Travelling Workshop organized during the first week of April 
1993 in Tunisia. The classical Cereal Travelling Workshop has 
been replaced by a barley Travelling Workshop to take advantage 
of the presence of barley workers, gathered by ICARaA to 
finalize the new strategy in collaborative barley development 
for North Africa. Barley workers carried out selection on 
national, international and ICARDA special barley nurseries for 
North Africa at Bej a, Le Kef , Mornag , Tajerouine and Foussana 
sites. 

8.1.4.2. Barley Developtent for North Africa 

This second year of testing special six-row barley nurseries 
developed by ICARaA for North Africa, has confirmed the first 
year's conclusions, and has allowed a larger percent of lines 
to be selected, because of selection done in target 
environments and to capitalizing on the specific types of 
climates and stresses in North Africa. Timely note taking, 
selection, and data return to Alepp facilitated the shift from 
the old system of germplasm generation to the new one. 

8.1.4.3. Technology Transfer 

This activity has become a major thrust of cereals research 
across Maghreb. A large nwlber of farmers field demonstration 
trials have been planted. 

Routine verification of newly developed cultlvars and 
related practices have also expanded, because of additional 
support from IFPD project on technology transfer. 

Larye multiplications of most widely grown as well as 
newly developed cultivars have been carried out under rainfed 
and full irrigation. The largest multiplications were in 
Libya. 

Supplementary irrigation studies have expanded. They 
confirmed greater benefits from one irrigation at tillerhq 
than at heading or grain fill. Moreover, supplementary 
irrigation of cereals proved more profitable compared to other 
traditional cash crops. 

The following practices proved significantly superior to 
traditional farmer practices. 



- Earlier maturing, newer genotypes were superior to older 
ones in both high and low fertility environments as 
demonstrated by on-farm verification trials (64 sites) 

- Weed control and fertilizer application helped small 
farmers get a harvestable crop in dry 1992-93 season. 
Total crop failures were experienced by farmers in 
similar years of drought. 

- High seed rates and legumes as previous crops (except 
chiclrpeas) were better than low seed rates and weedy 
fallow. 

8.1.4.4. Characterization of Cereal Collections 

'Ihe financial support comkg from the UNDP project on disease 
surveillance and gemplasm enhanmt, enhanced the building 
of ccanplementary networks and consolidated inter-country 
regional cooperation. W i n g  1992-93, ICARDA-Maghreb NAFG 
cooperation was targeted at identification of sources of 
resistance to the most prevalent pathogens on durum wheat: 

- 1130 accessions from the world collection were screened 
for Tan spot in Morocco and sources of resistance were 
identified (See Table 81). 

- 3000 North African d m  accessions and 1140 accessions 
from world collection were evaluated for resistance to 
Hessian fly and root rots. KO resistance to Hessian fly 
was found but several accessions were tolerant to rwt 
rots. 

8.1.5. Training 

In addition to training at ICARDA headquarters, Cereal Program 
continued to encourage mutual scientific support and. helped 
Moroccan and Tunisian scientists train a large n&r of junior 
staff from Maghreb countries in specialized courses including, 
h m u l u m  preservation of Helminthosprium tritici repent is ;  
wheat insect  transmitted disease identification and scoring; 
characterization of BYDV isolates; and leaf rust virulence 
analysis. 

Training at Aleppo was camplementary to in-the region 
training. It covered cereal improvement (3 trainees) ; rXA 
molecular marker techniques (2) ; insect control in legumes and 
cereal crops (3) ; use of electrophoresis in germplasm 
evaluation (3), as well as the training of a Libyan mechanical 
engineer in harvesting equipment maintenance and repair. 



Table 81. New sources of resistance identified in the region. 

Crop species Diseases Source of resistance 

Barley NB Asni; CI9699; CI9820; 
NDB112; (310379 

BYW Th. Unk 23 
Giza 121/Co.6248/4/Apm/CM67/3/ 
Pro//Sv. 0404-i 

L€?df Rust Harms 02//11012/au167 
Yellow FUst Lignee 527/NK1272 

IXuum Wheat 

Bread Wheat 

F. graminem Om-Rabia 

Tan spot HB1149; 3 - 6 ;  Erik; 
Salmuni : 

Septoria POM92 BW#24 
T0b~~s~~/8156//450E/ICa1/4/ 
rn//rnl/Bb/AZ, 
Tesyey 
~ I l s "  

Achtar 

L€?df rust Khair 
Marchouch 

8.1.6. Other Activities 

a. Biotechnolqy research had started in the Maghreb with 
support f m  ICA€U)A Cereal Prqzarn. Activities were 
initiated in three areas: 

- Erbryo rescue in Exrum wheat x Aegilops crosses for H. 
fly resistance 

- Haploid production in d m  
- Variability for -enesis of local d m  wheat 

germplasm 

b. Another dry season permitted excellent screening for salt 
stress. Research on salt tolerance identified the major 
types of salts encountered in the dry southern areas, arid 
their relative effect on germination, growth and 
developat of wheat, barley arid triticale. 



c. The line Annoceur "Rihane1l continued to perform well and 
few lines produced higher yield. This well adapted check 
allows effective selection for the mountain regions where 
cold and terminal heat stresses predominate. 

d. Good study of the Barley Gall Midge biology, and effect on 
barley as well as screening of local collections has been 
carried out, within the framework of a Ph.D. thesis 
research. 

e. Constraints to the adoption of new barley varieties were 
researched. Reliminary results indicated that adoption is 
more widespread than currently presumed; that farmers 
appreciated most varieties which combine high grain yield 
with suitability for human consumption and high straw 
yield; farmers access to certified barley seed of the new 
varieties was the key constraint to rapid adoption. - M.S. 
Mekni 
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9. TRAINING AND VISITS 

Training supported by CP over the last 10 years is listed in 
Table 82. 

Table 82. Nmber of participants in various training courses 
1984 - 1993. 

Type of training 

Residential Individual 
Year (long-term) Non-degree w e e  short* ln-country* 

* 
Mrmber of courses in parentheses 

9.1. H e a d q w c t e r s  Courses 

9.1.1. Short courses 

lWo specialized courses offered in 1993 were conducted with 
other ICARaA programs. 

9.1.1.1. Molecular Marker Techniques for Germplasm 
Evaluation and Crop Improvement 

The joint course (19-30 September) by the Cereal and Legume 
programs is supported by the United Nations Development Prcgram 
(UNDP) biotechnology project and ICARDA. There were 12 
participants from 9 countries (Table 83) and one instructor 
frcnn Germany. The course introduced theoretical and practical 
as- of CNA Molecular Marker Techniques (RFUP, PCR) and 
their application to gemplasm identification, evaluation and 
improvement. 



Table 83. List of Participants in I l m  Molecular Marker 
Techniquesll Course, 1993. 

Participants Title Degree country 

Ms. Aid Aini Biologist Fh.D Algeria 
Mr. Mohamed Cherquaoui Researcher m3.c Morocco 
Mr. Ahmed A. El Sidiq Researcher MS.c Sudan 
Mr. F'rew Mekbib Lecturer MS.c Ethiopia 
Mr. Ismail K ~ c g l u  Fh. D Student MS.c Turkey 
Mr. M O M  W i  Fh.DStudent MS.c Algeria 
Mr. Sami Said Adawy Res. Assistant MS.c Egypt 
Mr. M. Imd Eddin Arabi Researcher Fh.D Syria 
Ms. Roba Ismail Assistant Prof. Diplm Syria 
Ms. Ouafae Benlhabib Lecturer Fh.D Morocco 
Ms. Mejda Cherif Res. Assistant MS. c Tunisia 
Ms. Farfiat F a t h  Jamil Researcher Fh.D Pakistan 

9.1.1.2. Use of Electrophoresis in Germplasm Evaluation 

This course conducted from 10-21 October had participants from 
8 countries (Bulgaria, Egypt, Lebanon, Morccco, Syria, Tunisia, 
Turkey and Yemen). The course was conduded jointly with 
Legume F'rqram and Genetic Resources Unit of ICARDA. The course 
offered participants theoretical and practical knowledge of 
electrophoresis in general and its use for improvement in 
cereals and legumes in particular. 

The long term course continues to meet the need of WANA 
countries for training in barley and wheat Wrovement for 
stress environments (breeding, pathology, physiology, 
entomology, grain quality, seed production, research techniques 
and applied statistics and experimental design). The course 
objectives are achieved through lectures ( 2 5 % ) ,  field work, 
seminars, discussions and assigned research projects. The 
cuurse (1 March - 30 June 1993) was attended by 14 researchers 
from 9 countries (Algeria, China, Ethiopia, Libya, Iran, Oman, 
Sudan, Syria and United Arab Emirates) . 

9.1.3. Individual Training 

Individual non-degree training in specific areas was provided 
to 25 researcher from 11 countries (Algeria, Egypt, Lebanon, 



Libya, Iran, Morocco, Pakistan, Sudan, Syria, Tunisia and 
Turkey) who spent periods from 2 weeks to 5 months in wheat or 
barley breeding, disease or insect wntrol, physiology and data 
analysis. Most of these trainees wnduded a research project 
in collaboration with an ICARDA scientist (Table 84). 

Five students continued Ph. D or MS.c research at ICAFUA 
under supervision of CP scientists. Several final year 
undergraduates from universities in the region were trained in 
breeding, cereal pathology, entomology and grain quality as 
part of their graduation project. They spent upto 4 months in 
the Cereal Frogram. 

Table 84. Specialized non degree i n d i v i w  training at the 
Cereal Improvement Program, I-, 1993. 

Subject No. of 
participants 

Barley breeding for 
high elevation 
Barley breeding 
Exrun wheat breeding 
Bread wheat breeding 
Bread wheat breeding 
Wheat diseases 
Barley diseases 
Wheat diseases 
Barley pathology 
Barley pathology 
Disease scoring 
Cereal entomology 
Cereal insects 
Cereal physiology 
Wheat physiology 
Barley physiology 
Cereal improvement 
Variety description 
Data analysis 
Data analysis 
Data analysis 
Use of electrophoresis 
Harvest machinery 

mation country 

6 weeks 
5 months 
5 months 
5 months 
1 month 
3 months 
3 months 
4 months 
3 months 
1 month 
2 weeks 
2 months 
3 months 
5 months 
2 months 
1 month 
2 months 
3 weeks 
2 weeks 
2 weeks 
2 weeks 
1 month 
1 month 

Morocco 
Syria 
Syria 
Syria 
Egypt 
Syria 
Syria 
Pakistan 
Lebanon 
Turkey 
Syria 
Lebanon 
Syria 
Syria 
Sudan 
Egypt 
Turkey 
Syria 
Tunisia 
Turkey 
Algeria 
Iran 
Libya 



. . 
9.2. hauung In The Region 

A regional course was conducted in Egypt in collaboration with 
NARS in Nile Valley region. This course focussed on cereal 
disease research methodology with emphasis on cereal rusts 
( e t i o n ,  identification, collection, purification, 
preservation, multiplication and inoculation, breeding for 
resistance, etc.). The course (28 March - 6 Mril 1993) was 
attended by 10 researchers from Mhiopia, Egypt and Sudan. 

9.3. Visits 

More than 300 students and scientists visited the Cereal 
Program for orientation on program activities or to discuss 
collaborative research and results with program scientists. 
Visiting scientists worked in the Cereal Rcgram for one year 
or more; one scientist from India worked on cereal physiolcgy, 
another on nematode distribution in Syria; one scientist from 
Egypt worked on bread wheat breeding, and one post doctoral 
fellow from Lebanon on barley pathology; one scientist from 
Russia worked in the program within the framework of the 
collaboration between Krasnodar Institute and ICARDA, and a 
further 60 senior visitors or consultants visited the program 
for various periods of time to get acquainted with ICARDA 
activities. - H. Ketata, M. Nachit, A. Sabouni 
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11. CEREAL VARIEl'IFS REZEZSED BY NATIONAL -. 
Country Year of release Variety 

Barley 

Algeria 

Australia 

Bolivia 

Brazil 
Canada 
Chile 

China 

Ethiopia 

Iran 

Jordan 
Kenya 
Libya 

Morocco 

Nepal 
Pakistan 

Harmal 
Padia 
Yagan 
High 
Kaputar 
N a m i  
Kantuta 
Kolla 
A m m i  
Falcon 
Leo 
Centaur0 
Sh-i 1 
V-24 
Kantara 
(Mari/Aths*) 
Shyri 
Calicuchiim-92 
Atahualpa-92 
BSH 15 
BSH 42 
Ardu 
Aras 
Kavir 
Star 
RLrm (6-row) 
Ngao 
Wadi Kuf 
Wadi Gattara 
Asni 
Tamellat 
Tissa 
T e s s a O U t  
Aglou 
Rihane 
Tiddas 
Bonus 
J~u-83  
Jau-87 
Jau-93 
wontier 87 
Una 87 



-try Year of release Variety 

-ley 

Peru 1987 Nard 
1989 Bellavista 

Portugal 1982 sereia 
1983 CE 8302 
1991 ~ncora 

Qatar 1982 ~ulf 
1983 Ham'd 

S. Arabia 1985 Gusto 
win 1987 ReSana 
Syria 1987 Furat 1113 

1991 Furat 2 
Thailand 1987 Semangl 

1987 s-2 
nmisia 1985 Taj 

1985 Faiz 
1985 Roho 
1987 Rihane"s" 

1992 Mane1 92 
1989 Api/CM67//B1 
1986 Arafat 

Beecher 

Vietnam 
YeiWm AR 

mnm wheat 

Algeria SaN 
Waha 
Korifla 
Cnnrabi 6 
ZB S FGJS'/LUI(S W 
Timgad 
Mesoaria 
Xarpasia 
sohag I 
Sohag I1 
m i  Suef 
sohag I11 
m i  Suef I 
Selas 
Sapf 0 
skiti 
s m s  



country Year of release Variety 

Ilunrm wheat 

Jordan 

Lebanon 

Libya 

Pakistan 
Portugal 

Saudi Arabia 

Syria  

Tunisia 
Turkey 

Bread wheat 

Algeria 

N-432=Amra 
Chaml=Manl 
Stork==ACSAD75 
Belikh 2 
sebou 
M a r j  a w i  
Ghucx3.m 
zorda 
Baraka 
Qara 
Fazan 
Khiar 92 
Marzak 
Sebou 
Om R a b i  
Tensif 
Brachoua 
Omrabi 5 
Wadhamk 
Celta 
Timpanas 
Castico 
Heluio 
Cham 1 
Mexa 
Nuna 
Cham 1 
Cham 3 
Emhouth 5 
Omrabi 3 
Razzak 
Susf b i r d  
B a l c i l i  
EGE 88 

1982 S e t i f  82 
1982 HD 1220 
1992 Zidane 
1992 Nesser 
1992 Cham 4 S i d i  0% 
1992 S i e t e  C e r m s R h m l  



Country Year of release Variety 

Bread wheat 

Algeria 

Egypt 

Ethiopia 

G r e e c e  

Iran 

Jordan 

Libya 

Fakistan 
Portugal 

Qatar 
Sudan 

Syria 

Alon3saa2 lAD 
D 3 U g q ~ S o ~  
ACSAO 59=40DNA 
Giza 160 
Giza 162 
Giza 163 
Giza 164 
Gammeiza 1 
Sakha 92 
Dashen 
Eatu 
Gars 
Louros 
Pinios 
Arachthos 
Golestan 
Azadi 
Darab 
Sabalan 
auds 
Falat 
lv&Mk=Jubeiha 
LB8=Rabba 
Zellaf 
Sheba 
G e m  
Jouda 
Merchouche 
Saada 
Saba 
Kanz 
Wadi Quriyat 151 
Wadi Quriyat 160 
Sutlej  86 
LIZ 1 
LIZ 2 
Doha 88 
Debeira 
Wadi El N e e 1  
Neelain 
Cnam 2 



amtry Year of release Variety 

Bread wheat 

Syr ia  

Tanzania 

Tunisia 

Turkey 

Yemen AR 

Yemen m 

Cham4 
Bohouth 4 
Cham6 
Bohouth 6 
Gornam 
T-VlRI-Veery 'Sf 
T-IK1MA-D6811-IIllat 
69/BD Tunisian release. 
Byrsa 
Salambo 
Vaga 92 
Kaklic 88 
KoP 
Dosu 88 
Es14 
Yuregir 
Xarasu 90 
Katia 1 
Marib 1 
Mukhtar 
Aziz 
Dhumran 
Ahgaf 
SW/83/2 



Dr. John ~amblin" 
Dr. Salvatore Ceccarelli 
Dr. Habib Ketata 
Dr. Omar Farouk muk 
Dr. Fass Henry Miller 
Dr. John Michael Peacock 
Dr. Mohamed Tahir 
Ir. Jwp A.G. van Leur 
Dr. Flanz weigand 
Dr. mill- Ortiz-Ferrara 

Dr. Milcudi Nachit 
Dr. momas S t e w a r t  P a p  
Dr. Mohamed Saleh Mehi 
Dr. Hugo Vivar 

Dr. Stefania Grando 
Mr. Issam Naji 
Dr. Sui Kwong Yau 
Dr. Hala ~oubia-Rahe~' 
Dr. Michael my&' 
Dr. Abdullah Dakheel 

Mr. Alfredo Inpiglia 
Mr. Mohamed Asaad Now 

Mr. Abdel Jawad Sabouni 
Mr. Antoine Pierre Asbati 
Mr. Fwad Jabi El-Harain 
Mr. Adonis Kourieh 
Mr. Michael Michael 
Mr. Mohamed Mushref 
Mr. Mmzer Naimi 
Mr. Henri Pashayani 
Mr. Riad S a m 1  
Mr. Nicnlas Rbeiz 
Mr. Rizkallah AM* 
Mr. Mazen Jarrah 
Mr. George Kashour 
Mr. Haitham Kayalin 

Mr. Mufid ~ j d  
Mr. Ziad A l e  
Mr. Mohamed Azrak 
Mr. Adnan Ayyan 

Prcqam Leader 
Spring Barley Breeder 
Senior Training Scientist/Breeder 
Cereal pathologist 
Cereal htomologist 
Cereal Fhysiolqist 
Winter Barley Breeder 
Barley Pathologist 
Biotechnologist 
Bread Wheat Breeder 
(CDMLT-Liaison) 
mJxml Wheat Br€€der ( C m )  
Winter Wheat Breeder ( C m )  
Cereal Scientist (North Africa) 
Barley Breeder (Mexico) 

Barley Research Scientist 
ngronamist 
International Nurseries Scientist 
Post-kctoral Fellow (Patholcgy) 
Post-Dodoral Fellow (Breeding) 
Consultant (Fhysiolcgy) 

!Arm R e s e a r c h  Associate 
Research Associate 

Training Assistant 
Research Assistant 
R e s e a r c h  Assistant 
R e s e a r c h  Assistant 
R e s e a r c h  Assistant 
R e s e a r c h  Assistant 
R e s e a r c h  Assistant 
R e s e a r c h  Assistant 
Research Assistant 
Research Assistant (TerlJol) 
Research Assistant 
Research Assistant 
Research Assistant 
Research Assistant 

Senior Research Technician 
Senior R e s e a r c h  Technician 
senior R e s e a r c h  Technician 
Senior R e s e a r c h  Technician 



Mr. Omar Muha~ldess* Senior Research Technician 
~ r .  zuhair m d *  Senior Research Technician 
~ r s .  suzan hwatmi* Senior Research Technician 
Mr. Bassam Shammo Senior Research Technician 
Mr. AMel Rahmn TOUIM* Senior Resear& Technician 
Mr. Izzat Ghannoum Senior Resear& Technician 
Mr. Haitham Sayed Senior Research Technician 

Mr. mhamd Tarakji* 
Mr. Zuilair Haj Ycunes 
Mr. Joseph Aziz 
Mr. Salem Farrouh 
Mr. Riad Iutfi* 
Mr. Mohamed Mosbahi 
Ms. Nadia Fade1 
Mr. Ghassan Haj M o m *  
Mr. mlek Korani* 
Mr. Ziad CXzraira*** 
Mr. Ala'a Yaljarouka 
Mrs. wafa Haj Jw'a 
Mr. Ahmed El-Saleh 

Research Technician 
Research Technician 
Research Technician (Terbol) 
Research Technician 
Research Technician 
Research Technician ('IZmis) 
Research Technician 
~esearch Technician 
Research Technician 
Research Technician 
Fasearch Technician 
Research Technician 
Research Technician 

Mr. Asaad Ahmed El-Jasem Labour F o r m  
Mr. Abdalla Steif AWalla Assistant Technician 
Mr. Obeid Elqasem  arm Iatx~urer 
Mr. Hasan El-Khatib Asst. R e s e a r c h  Technician w) 
Mr. Michael Abu Nakad Asst. R e s e a r c h  Technician ('ktd) 

Ms. Rita Nalbandian ~rosram secretary 
Ms. Sossi Tuutounj i Secretary 
Ks. Raghad Rahwan Secretary 
MS. misa ~oubail~' Secretary 

Research Fellow: 

Ms. Anna Maria Gallo rxlrum Wheat (Viterb) 

Students: 

. Farid Makdis 
Mr. Ghassan Na'ase 
. Amir Ibrahim 
Mr. Mohsen Shehata 
Ms. Rouba Smail 



Visitim Scientists: 

Dr. Mousa Guirgis m a d  Bread  Wheat Breeding 
Dr. V. Mahalakshmi Physiology 
~ r .  victor Winter Earley B r e e d i n g  
Dr. Ar&A cmeau6) V i s i t i n g  S c i e n t i s t  

Lef t  in NOV* 1993 
Left  in IkzPmhr 1993 
Joined in March 1993 
Joirwd in January 1993 and left in October 1993 
Joined in JamEuy 1993 
~oined in September 1993 

Left  i n  ccotcber 1993 
Left  in November 1993 
Left  in kcmnber 1993 






