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Foreword 
Agricultural systems in the dry areas are dynamic. Global linking of national economies, along 
with urban market development, is creating new, more intensive and more diverse demands on 
agricultural producers. Shaping change in the research strategy of an international center in a 
globalizing world is, therefore, no more an easy task. In 1999, the Fourth External Program 
and Management Review (EPNIR) panel assessed ICARDA's success in dealing with this task. 
The Panel, consisting of eight international experts and chaired by Dr Donald Plucknett, exam- 
ined ICARDA's mandate and mission, research and training programs, and management struc- 
ture and policies, and found that the "Center had been transformed over the last five years and 
was now ready to take off into 2000." It highlighted once again the pressing need for the con- 
tinuation of the agricultural research and capacity building carried out by ICARDA as the cen- 
ter of excellence in the dry areas. 

The Panel singled out water as the most important ingredient to consider in the Center's 
work in crop improvement and natural resource management. In the dry areas of Central and 
West Asia and North Africa (CWANA), water-not land-is the most limiting factor for agri- 
cultural production. ICARDA's research has demonstrated that substantial stable increases over 
rainfed wheat production are possible through the use of supplemental irrigation (SI). Now 
optimization studies with farmers have shown that water used for SI conjunctively with rain is 
far more efficient than when applied alone in full irrigation. The studies show that guidelines 
for determining irrigation water requirements in areas with limited water resources should not 
be based on satisfying full crop water requirements, but rather on maximizing water productiv- 
ity and farmers' return. 

The Center continues to make increased use of the Geographic Information Systems (GIs) 
in enhancing water-use efficiency. A project to study the agroecology of the CWANA region 
has been started, and a digital Agroecological Atlas of Syria is being developed. ICARDA is 
also providing technical assistance to Morocco, which plans to produce land suitability maps 
for planning and policy needs. 

Drought is one of the key stresses at the forefront of crop variety improvement, and 
ICARDA continues to develop improved drought-tolerant barley, wheat, and food and feed 
legume germplasm in collaboration with its national partners. Studies measuring the impact of 
ICARDA's germplasm program in developing countries confirm that 54% of the barley vari- 
eties released in 23 developing countries from 1980 to 1999 originated from ICARDA crosses. 
Half of the 52 lentil varieties released in 22 countries were from crosses made by ICARDA, 
while a further 3 1% were attributable to ICARDA germplasm. 

Activities in Central Asia are now closely woven into the Center's program of work. 
Several projects are being implemented, including the 'Integrated Feed and Livestock 
Production in the Steppe of Central Asia,' supported by the International Fund for Agricultural 
Development (IFAD). This is particularly vital, given the breakdown of the earlier system of 
livestock production, support services such as veterinary care, and traditional markets in 
Central Asia and the Caucasus. 

On the other hand, the entire CWANA region stands to benefit from the results of the 
'Conservation and Sustainable Use of Dryland Agrobiodiversity' project, supported by the 
Global Environment Facility (GEF) of the United Nations Development Programme, in which 



Jordan, Lebanon. Syria and Palestine are participating. lCARDA has taken the lead role in its 
implementation on two sites in each country where farmer and community participation will 
conserve landraces and crop wild progenitors in situ. 

The EPMR Panel gave a vote of confidence to ICARDA for its ability to undertake these 
and other tasks aimed at reversing the cruel impacts of poverty. Statistics painfully reveal that 
more than two billion people in the world are malnourished, and in the dry areas nearly 700 
million must eke a living out of US$ 2 per day. 

At lCARDA we are at the forefront of the battle against the misery that poverty and 
hunger cause, and we remain steadfast in our determination to provide scientific and techno- 
logical solutions to alleviate this misery in the dry areas of the world. It was in recognition of 
ICARDA's capability to meet this challenge that the External Program and Management 
Review Panel, in its report to the CGIAR, stated that: 

"ICARDA is a Center in successful transition and one that is perhaps needed more in 
CWANA now than when it was founded in 1977." 

Prof. Dr Adel El-Beltagy 
Director General 

Dr Alfred Bronnimann 
Chairman 
Board of Trustees 
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Major Developments in 1999 

External Program 
and Management Review 
For ICARDA the year 1999 was associated with the 
most approprtate event to prepare the Center to meet 
the cl~allenges of 2000: the Fourth External Program 
and Management Review (EPMR), which began in 
April and ended in August. The Review Panel exam- 
ined ICARDA's mandate and mission, research and 
training programs, and management structure and 
policies, and found that the "Center had been trans- 
formed under its new management over the last five 
years and was now ready to take off into 2000." 

The Review Panel firmly supported ICAKDA's 
increasing thrust on natural resource management. 
Water problems, particularly in the West Asia and 
North Africa (WANA) region, which had been identi- 
fied by interriational authorities as the most water- 
scarce rcgiun in thc world in terms of per capita sup- 
plies, were enormous. The Panel believed that water 
will always be the single most important factor to 
consider in the Center's work in crop improvement 
and natural rcsourcc management. 

TCARDA's move into Central Asia and the 
Caucasus (CAC), where thc problen~s of crop 
improvement and natural resource management are 
similar to those in WANA, was welcomed by the 
Panel. The Center's model of research collaboration 
with the National Agricultural Research Systems 
(NARS) and other partners fitted in well with 
ICARDAs strategy to decentralize its research to 
national palmers. The Center had in place "a regional 

In his presentation of the 
anel Report b the Board 

or Trustees, Managem~n' 
and staff of ICSIRUA, 
Dr Donald Plwcknett, 
EPMR CbErmm, ctrm- 
mended the C W  k r  
role in serving the poor 
people living in the dry 

I 
areas of the world. 

structure that allowed a continuum of research from 
headquarters to NARS, inciuding NARS/NARS rela- 
tionships," the Panel noled. 

The Panel, led by Dr Donald Plucltnett, said in its 
report that ICARDA should aspire, after a period of 
dynamic consolidation, to gain ncw positions in sci- 
ence, including recognition as the lead center for 
integrated on-fann water management for the dry 
areas, and to become known as the scientific center 
of excellence serving as the regional node for a con- 
sortium of international ef'forts. 

The Review Panel's first visit to ICARDA coin- 
cided with the Annual Presentation Day in April 
1999, an occasion when the Panel had opportunities 
to hear the assessment of ICARDA's work from rcp- 
rcscntatives of diplomatic missions, donors, NARS, 
and others who visited the Center as its distinguished 
guests on that day. In the company of the gucsts, the 
Panel members visited the research trials at the head 
quarters farm of the Center at Te1 Hadya, where they 
interacted with the Center's researchers. 

EPMR Pan@ was p a m j ;  
p pressed by the qua& d p@p-aria- 
10s by CARDA for be && @bind by 
e Cmtds use d Cm4651 
~mmissio& ExW-wd R 
ght to I& Dr Ibnald Plucknett, 

I 
anel Chak Dr Pefer Worft, P m l  
ember; Dr D~naki Mar&&, 
ember; Dr D w t m  Spmas, Pmel 
ember; Dr Louis Paul, Pand 
ember; Dr Theodore Downing, 
lnel Member: Dr Mohammed Zehni, I 
anel Member; Mr Miie C d i y m ,  

. . seor@%w- ,\.>? c. * :y,*,, *,.,.*.. 
iY .. .. .A'.<. . 

<, ,, \...,<, :. : ?,.s!+ 3 .  
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2 Mqior Developments 

The Panel had the opportunity to participate in 
the Program Committee (PC) meeting of ICARDA, 
held in April. Coinprchcnsive presentations on all key 
activities by ICAWA researchers during the PC 
meetings helped the Panel to place the Center's 
review in the right perspective of its challenges, 
opportunities, and aspirat~ons. 

The Panel ~nembers then traveled to ICARDA's 
regional programs to assess the Center's collaborative 
activities in the region, and the role of its rcgiolial 
programs. 

In its report, the Panel made 12 key recommenda- 
tions, which ICAKDA started implementing with 
renewed energy and enthusiascn. The Center is 
employing new ways of working that foster national, 
regional, and international linkages to address the 
problems associated with achieving sustainable 
increases in food production and protection of the 
natural resource base, with poverty alleviat~on at the 
heart of its mission. 

- 

EPMR Panel LI I~I I ,  311 Donald Plucknett (second fr0111 
right), accompanied by Panel members and ICARDA's 
Presentation Day guests, visited the Center's farm, whe 
ICARDA scientists briefed the group on research in 

nmnTP9E - I 

Reltagy for a second term of five years as Director 
General of ICARDA. The Center organized a special 
evening at the end of the August 1999 mceting of the 
Board to honor the outstanding services of 
Dr Bronnimann, and to welcome Mr Havener as the 
new Chairman of its Board of Trustees. 

Changing N'aces 

Two key announcements marked the 1999 
Presentation Day: (i) completion of'the term of Board 
Chairman Dr Alfi-ed Bronnimann at the end of the 
annual Roard meeting in August, and the appoint- 
ment of hh Robert Havener to succeed him, and (ji) 
renewal of the appointment of Prof. Dr Adel El- 

. he new Chairman of ICARDA's Board of ~ksfaes,  

1 Mr Robed Havener (right), paid tribute to the wisdom. 
cowage, dedication, and devotion to duty of his predecea-. 
sor Dr Alfred Bronnimann at a special presentation ' 

evening in Aleppo. He presented Dr Bronnimenn with an 
, engraved silver plate on behalf of the Board and staff of 
ICARDA to recognize his services. ICARDA Director 

, General Prof. Or Add El-Beltagy (cettter) also expressed ' his thanks and good wishes during the special event.. 
L- 

Mr Havener was a member of TCARDA's first 
Board of Tlustees (1976-1978); and Co-Project 
Development Officer for 1C:ARDA (1975- 1978) 
through the Arid Land Agriculture Development 
(ALAD) Program of thc Ford Foundation. Before 
rejoining the ICARDA Roard of Trustees in 1998, he 
had been the Director General of CIMMYT (1978- 
1985), and interim Director General of CIAT and 
IRRI. 

GEF Agrobiodiversity Project 

With financial support from the Global Environment 
Facility (GEF) of the United Nations Development 
Programme (UNLIP), lCARnA played the lead role 
in the development and implerrlentation of a 
"Consel-vation and Sustainable Use of Dryland 
Agrobiodiversity" Project in which Jordan, L,cbanon, 
Syria, and the Palestine Authority are participating. 
The Project, which is built around farmer and com- 
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munity participation to conserve Jandraces and crop 
wild progenitors in sitzt, recognizes lhat the Central 
and West Asia and North Africa (CWANA) region is 
a major world center h r  the biological dlverslty of 
major food crops. 

Following an inaugural mccting of thc Projcct 
stakeholders at TCAKDA in May 1999, the first 
Kegional Technical Planning and Steering Committee 
meetings of thc GEF Projcct were held in Amman, 
13- 16 July, to discuss national and regional work 
plans and to develop and standardize the methodolo- 
gies needed to implement thc project activities. 

The (iEF Agobludiversity Project aims to 
preserve agobiodiversity relating to wild and 
cultivated species of globally or regionally I 
important crops and fruit trees (barley, wheat, 
lentils, vetch, almonds, and others) through the 
active participation of all stakel~olders 
involved. ICARDA is the executing agency of 
the Project's regional component and provides 
technical backstopping and international con- 
sultancy, in close collaboration with IPGRI 
and ACSAD. 

Program Implementation 
in Central Asia 

Agricultural Organization of the Unitcd Nations 
(FAO), the System-wide Program on Participatory 
Research and Gender Analysis (SWP-PRGA) and 
ICARDA. The objectives of the workshop wcrc to 
generate interest in FPK and promote its use as a new 
research strategy. The farmers were also invited to 
carry out selections in trials planted at ICAKDA's 
farm and to participate in discussions with thc scien- 
tists attending the workshop. 'I'hirly-four scientists 
from 16 countries, as well as reprcsentativcs from 
donor organizations and from CIAT and IPGRI, par- 
ticipated in the workshop. 

In August, ICARDA helped organize the "Sixth 
International Conference on the Development of Dry 
Lands" in Cairo. Held under the auspices of the 

The year saw considcrablc progrcss in strengthening International Dry Lands Development Commission, 
ICAKDA's collaboration with the Central Asian and hosted by the Egyptian Government under the 
republics. Several projects are at different stages of patronage of H.E. Dr Youssuf Wally, Dcputy Prime 
iinplementaion. Ainong them is a project on 
"lnlcgratcd Feed and 1,ivestock Production in 
the Steppe of Central Asia," supported by the 
lntcn~ational Fund for Agricultura) 
Dcvclopment (IFAD). For details, please see 
pagcs 14 and 23. 

Focal Point for Regional and 
International Meetings 
ICARDA was the lead organizer of a number 
of iinportant international and regional confer- 
ences. 

A workshop on "Farmer Participatory 
Research (FPR)" was held at ICAIUA head- 
quarters in May. It was co-sponsored by the 
Islamic Development Bank, the Food and 

t l b l l l l  
7 

Opening sessron of the International Conference on the Devdopmei 
of Dry- Lands, held in Cairo. From I& to right: H.E. Dr Abau-Zeid, 
Mnister of Public Works and Water Resources, Egypt, and Chaimla 
of the World Water Council; M.E. Prof. Dr Yaussuf Wally, Deputy 
Prkne Minister and Minister of Agriculture and Land Redamation, 
Egypt; Dr Ismail Serageldin. CClAR Chairman; Prof. Dr Adel El- 
Baltagy, Director General of ICARDA and Chairman of 1DDC; and 
Prof. Dr ldris Traylor, Vice-Chairman, IDDC. - 



workshop brought together 300 sci- 
entists from 32 countries. The par- 
ticipants developed strategies for 
jointly meeting the challenges of 
desertification beyond 2000. 

In December, inore than 140 
delegates from 28 countries, as well 
as participants from eight regional 
and international organizations, 
attended the "Watcr Resources 
Management, Poljcy and in D ~ Y  s Royal Highness Prince Faisal Bin Al-Hussein, the Prince Regent of Jordan 
Areas" confcrcnce ~n Amman, (second from right), represented His Majesty King Abdullah It at the opening of 
Jordan, at which 1CARJ)A scientjsts the Amman Water Conference. Also listening to the opening speech by ICaRDl 

presented a nurnbcr of keynote Director General Prof. Dr Adel El-Beltagy (left) are the Minister of Water and 
Irrigation, Dr Kamel Mahadeen (second from left), the Head of the Royal Court, papers, and a lead i n  Mr Abdulkarim El KabarM (third from right), and the Minister of Agriculture. 

organizing thc cvcnt. The conference nilr ~~~h~ mAl-shhnlrlht' was inaugurated by His Royal 

statements from H.E. Mr Hashem Al-Shboul, Palestinian Authority, and Syria. Members of Ihc 
Minister of Agnculhlre, Jordan, and Prof. Dr Adel El- diplomatic corps in Syria also attended the Ailnual 
Beltagy, Director General of IOARDA. Presentation Day in April. 

Director General Prof. Dr Adcl El-Bcltagy met 

Communication Infrastructure with the Prime Minister of Lcbanon, H.E. Dr Sali~n 

Strengthened El-Hoss, and the Lebanese Minister of'Agriculture, 
H.E. Dr Suleiman Fi-anjieh, in Beirut in July. While 

Links with thc cxtel-nal world were strengthened visiting Ethiopia in October, he rnet with the Minister 
when ICARDA obtained direct access to the Internet of Agriculture, H.E. Dr Mengistue t~uluka. 
in August, and also joined thc 
CXiIAR IVDN (integrated voice and 
data network) system. The Internet 
connection allows 1C:ARDA scientists 
access to the research resources 
availab te via the World Wide Web, 
and thc Center is now able to upload 
new material directly to its web site. 

By joining the IVDN system, 
ICARDA now has direct dial telc- 
phone access to and from the CGIAR 
Centers. 

Closer Ties 
Among the many Dr Adel El-ueiragy .,acussed ways of developing agricul- 

ICARDA during 1999 were ture in Lebanon with H.E. Dr Salim El-Hoss (right), Prime Minister of Lebanon and 
Ministers of Agriculture, Minister of Foreign Affairs, and Dr Mouin Hamze (left), Lebanon's representativl 
A~nbassadors and govein~nlent o f i -  I -- '"*""^'- Board o' '- .-'- es. 
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RESEARCH AND TRAINING 
HIGHLIGHTS 

Agroecological 
Characterization 
CWANA Agroecology Project 

land-use p,lanning, and environmental monitoring in 
Syria. 

1 Land Suitability Maps of Syria 
Based on the characterization of physical environ- 
ment of Syria, undertaken in t 998, an assessment of 
land suitability was undertaken for different crops at 

A project to study the agroecology of the CWANA 
region was started. 'The existing spatial datascts for 
the region were compiled or adapted in the form of 
an ArcView GIs project, which currently includes the 
thc~nes of agrocl itnatic zones, land cover, altitude, 
slopes, soils and derived soil properties, and weather 
stations. All these datasets have been either generated 
from, or built upon, existing public- 
dornain information. The land cover layer 
was dcvclopcd from the four arc-minute 
Advanced Y e ~ y  High Resolz~tion 
Radiometer ;Vormaiised Dlfirence 
Yegelation Index (AVHRR N D V I )  data 
using a novel methodology. 

As part of this project, a small dataset 
consisting of average climatic data for 
1700 stations distributed throughout the 
CWANA region has been extracted from 
ICARDA's meteorological database 

' (METDB). Potential evapotranspiration 
data, which were not available for Central 
Asia, have been generated for 350 stations 
on the basis of statistical relationships 
cstablisl~ed for different agroclimatic - 
rcnions. This mini-database has been con- 1 

country level. The following compilations were 
made: derived soil property layers (AWC, depth, 
drainage, rockiness, salinity, stoniness, structure, tex- 
ture); crop calendars, and climatic and soil suitability 
requirements for 18 crops; a.nd land suitability maps 
for barley and wheat. 

All these and previously completed layers will be 
part of a digital Agroecological Atlas of Syria. A 
sample oi~tput of the Atlas is shown in Fig. 1. 

charts for climate, heat unit, water balance, and 
growing-period summaries. 

New Land-Use Map of Syria 
The draft land-use map of Syria, produced in 1998, 
was substantially revised. Whereas the draft map had 
25 pure land-uselland-cover categories, the new ver- 
sion has 25 holnogcneous and 36 mixed legend units. 
This map, to bc published in 2000, will be useful in 
farmiug systems research, hydrological modeling, 

w 

verted into an Excel sprcadshcet, which - 
allows users to select a station and view I 

Land Suitability Maps of Morocco 
The Institut National de la Recherche Agrono~nique 
(INRA), in Morocco, has embarked upon a major 
project on country-level land suitability assessment. 
The main goal is to produce land suitability maps for 
planning and policy formulatioil at national and 
provincial levels. ICAKDA provides technical 
assistance. 

Outputs of the project include a software to pro- 
duce Length-of-Growing-Period maps, a suite of pro- 
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grams for spatial quality control of climatic data, an 
Atlas and a CD-set of cereal yicld potential in central 
Morocco, and a report on production potential of 
ccreals in drought years. 

Germplasm Conservation 
Collection Mission in Armenia 

As part of a project supported by the Australian 
Center for International Agricultural Research 
(ACTAR), ICARDA carried out a joint collection 

Professor P. Gandilyan of the Armenian Agricultural 
Institute, collecting wheat wild datives in Central Armenia, 
-- a tet- --vber of ICARDA's joint collectic- -:--:-- I 

mission in Armenia in July 1999. The mission team 
included researchcrs from CLIMA, ICARDA, 
N. I .  Vavilov All-Russian Scientific Research 
Institute of Planl Genetic Resources (VIR), and the 
Armenian Agricultural Institute (AAI). In all, 235 
accessions were collcctcd from 57 sites. The high 
incidence and diversity of AegiLops tazischii, the D- 
genome donor of bread whcat (29 accessions), was of 
particular interest. Several Ae. tauschii populations 
wcrc sampled as single plants for a study of the 
spccics genetic diversity and bread wheat evolution. 
Ar. cylindricn, another D-genome wheat wild rela- 
tive, and Ae. triunciaiis were also frequently encoun- 
tered with 26 and 25 accessions, respectively, collect- 
ed. A high diversity of forms was found in bread 
qrheat landraces (34 accessio~~s) and in Trificum ues- 
zivum subsp. co17?pactum ( I  I accessions) occurring as 
an admixture in bread wheat fields. 

A variety of weedy races of rye, Secale cereale, 
was present in bread whcat fields, but fanners do not 
clean the fields and use the mixture of wheat and rye 
grain for bread making. Cultivated emrner wheat, 1: 
turgidtm? subsp. dicocczim is still grown as a crop in 
high elevations and is valued for local dishes. As 
most fields were green during the time of the rnis- 
sion, only two accessions could be collccted. Wild 
einkorn, T monococcum subsp. boeoficzrm was the 
most cornmon wild species (1 1 accessions). The rnis- 
sion team also visited Erebuni site near Yerevan, 
which was identified by N. I. Vavilov as a nature 
reserve for its ricbncss in cereal wild relatives. 
Unfortunately, overgrazing has degraded the site, and 
action is needed to save the remaining populations. In 
forage legumes, therc is still a diversity of species 
growing in the wild or as weeds in the field. Thirteen 
Kcia spp. and seven Lnthyrz~s spp., with a total of 41 
and 16 accessiotls, respectively, were collccted. 

Database of Germplasm from 
Arid Zones of Tunisia 

Thc lnstitut des Regions Arides (IRA), Medenine, 
Tunisia has assembled an impressive collection of 
plants from arid zones of the country. A livlng collec- 
tion of shrubs, pasture species, medicinal and aroinat- 
ic plants in the Institute's fields and seed conserva- 
tion facilit~es are also available. In 1999, as part of a 
cooperative program between IRA and ICARDA, a 
database for this valuable collection was developed in 
Visual FoxPro 5.0. IOARDA-developed softwai-e for 
handling genetic resources database was successfully 
used. In addition to descrlptrve information about the 
species and their distribution, the database also con- 
tains photographs of plants andlor their distinctive 
parts 

Germplasm Enhancement 
Participatory Barley Breeding 
in Eritrea 
Barley is one of the most important crops in Eritrea. 
It is grown in the central highland zone on about 
40,000 hectares with an averagc yield of about 500 
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kg/ha, and represents 20% of the total agricultural 
production. 

In 1999, ICAKDA started a farmer-participatory 
barley improvement project in Eritrea. After consulta- 
tion with farmers, three villages were identified, one 
in the south of'the country near Scnafe; a second, 
northeast of Asmara, near Ernbaderho; and a third, 
close to thc Halhale Research Station, In Tera-emni. 

In each village, 100 pure lines derived from the 
local landraces collected in Novernbcr 1997, and 37 
populations representing the landraces of the 37 col- 
lection sites visited during 1997, were introduced. 

The pure lines wcrc divided into two trials of 50 
lines each, and a local check (fi-om seed purchased 
from the farmer). Repeated five times, the trials were 
hosted by two farmers in each village. The bulks 
were evaluated in a different trial together with three 
improved cultivars, namely, 'Beka,' 'Halker' and 
'11B-32.' 'Thus, in each village, 137 different types of 
barley were evaluated. 

Close to crop maturity, the host farmer and a 
group of 9 to 12 neighbors, scored each individual 
plot cithcr alone or assisted by a researcher. 

Thcre was a large variation in yield between the 
(1ifferen.t locations: the highest total biomass (about 7 
IJha) was obtained at the Research Station and in 
Embaderho, while the lowest (about 3.5 tlha) was 
obtained in Era-emni. Grain yield vaxied from about 
I t/ha (Tera-emni) to nearly 3 tlha (Embaderho). The 
yield advantage of the best entries over the local 
check ranged froin 60% in Senafe to 100% in 

Embaderho for total biomass, and from 30% in 
Senafe to 100% in Embaderho for grain yield. 

There were also large genotype x environment 
interactions with different lines and bulks being the 
highest yielding in different locations. In particular, 
data suggested that the Halhale Research Station was 
not a good selection size for the target envirot~mcnts. 
In the case of the grain yield, the 10 best lines on sta- 
tion included only one of those in Tera-emni and 
none in the other locations. Interestingly, the 10 lines 
with the lowest grain yield at the Rescarch Station 
included four of the highest yielding lines in 
Embaderho, and two of the highest yielding lincs in 
Senafe. Similarly, in the case of total biomass yield, 
the 10 best lines at the Research Station included 
only one of the 10 best lines in 'ltra-cmni and none 
of the 10 best lines in Embaderho, and two of the 10 
best lines in Semafe. The 10 lines with the lowest bio- 
mass yield at the Research Station included three of 
the highest yielding lines in Senafe and one cach of 
the highest yielding lines in Tera-emni and 
Embaderho. 

Farmers considered grain-filling as one of the 
major selection criteria (entries with markedly differ- 
ent phenology were given an equally good score 
because they showed good grain-filling), followed by 
spike length and, in some cases, plant height. 
Although diseases (particularly scald and net blotch) 
were widespread and serious, with the flag leaf left 
with no green tissuc, fanners thought this would not 
cause a yield reduction. 

Multiple Disease Resistance 
in Barley 

~armers i&r& ba, lines according to thelr selection criteria I 

in a participatow barley breeding proiect of ICARDA in Eritrea. 

In some countries, often three or four fungal dis- 
eases-scald, nct blotch, powdery mildew, and leaf 
rust--can appear sirnuttaneously on barley. 
Seedbome diseases such as barley stripc, loose smut, 
and covered smut are also common in some coun- 
tries. 

I11 1998/99, of the 954 fixed barley genotypes in 
the advanced breeding nurseries tested for resistance 
to cornbinations of foliar and seedbornc diseases, 58 
showed a good level of resistance to most diseases. 
Over 6% of all the barley lines screened showed 
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resistancc to all the seven diseases tested, cornpared 
with 11% of the lines that showed resistance lo only 
one disease. About 326 liries (34.2%) showed a good 
Ievel of resistance to three diseases. 'The highest lev- 
els of resistance to thrce diseases were recorded in 
PDG 98 (Preliminary Disease Germplasm) and ADG 
98 (Advanced Disease Germplasm) nurseries, where- 
as a high level of resistancc to fivc diseases was 
recorded in PDG 99. Tcn fixed progenies (in ADG 99 
nurseiy) were identified as resistant to seven dis- 
eases, and 48 progcnies aiid fixed lines as resistant to 
five diseases. 

Durum Wheat Improvement in the 
Mediterranean Region 

More than 85% of the total world area for dunrm 
wheat is located in the Mediterranean region (WANA 
and South Europe), whcre dururn grain is used for 
several products, including pasta, couscotrs, bzlrghz~l, 
and ji-ike. 

The Dryland Dururn Breeding Program, based at 
ICARDA, is a joint effort with the Centro Interna- 
cional de Mejora~niento de Maiz y 'I'rigo (CIMMYT). 
This program has contributed to the development of 
durum cultivars resistant to drought, cold, terminal 
stress, yellow rust, Septoria tf-ifici, sawfly, leaf lust, 
stern rust, Hessian fly, and root rot. More than 80 cul- 
tivars havc been released in WANA and South 
Europe as a result of collaborative research with 
NAKS and advanced researcl? institutions (ARIs). 

'Ib complement and integrate the efforts of 
CIMMY'19!ICAKDA, NAKS, and ARIs in research on 
duruin, a SEWANA (South Europe, West Asia, and 
North Africa) Network has been established. Another 
network, WANADDIN (WANA Dryland Duru~n 
Improvement Network), has also been established for 
the dry areas with the aim of setting up national 
duru~n research teams to make use of their compara- 
tive advantages for the benefit of the reglon. 

l'he main achievement is the development of 
breeding methodologies for the Mediterranean tern- 
perate, continental, and high-altitude areas. The vari- 
ctics adopted by farmers include 'Cham 1 ,' 'Cha~tl 3,' 
'Cham 5,' 'Korifla,' ' Waha,' 'Aydin,' 'Ilaran,' and 
'Omrabl' in several countries. 'flnese are now grown 
on millions of hectares. Productivity per unit of land 

area has considerably increased (Fig. 2), and the 
impact achieved exceeds more than $500 million per 

, year. 

Ig. 2. Relationship between area and production of corn- I 
le rc ia l  durum varieties in Syria. 1970 to 1999. - - 

The recently adopted new tools in the durum 
breeding program are: 
1 .  Introgression of genes from the wild relatives to 

develop genotypes resistant to diseases and insect 
pests, and tolerant to cold and drought. 

2. Adoption of seed storage protein and molecular 
markers to study durum diversity and to map 
QTLs for major desirable attributes, such as high 
grain quality and resistance to drought, cold, heat, 
diseases, and insects. 

3. neveloprnent of joint research activities with 
major NARS in different agroecological zones, 
and with advanced institutes, to integrate basic - 

research in durum breeding and enhance capacity 
building in the region. 

Improving Disease Resistance 
in Winter Wheat 
Yellow rust, caused by the fungus Puccinin sEri- 
$ormis, is often the most devastating wheat disease 
in the highlands and continental areas of CWANA 
and regions with sin~ilar environments. Wheat ker- 
nels may be severely shriveled and grain yield 
reduced by 30% to 70%. The occurrence and spread 
of this disease is favored by cool weather and suffi- 
cient moisture in spring, and the large-scale cultiva- 
tion of susceptible cultivars. 

During the past 10 years, yellow rust has caused 
large wheat losses in several countries of the rcgion, 
including Iran, Lebanon, Pakistan, Syria, and 'I'urkey. 
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In Central Asia, thc disease is often observed in 
Azerbaijan and Tadjikistan, but is of minor impor- 
tancc in other countries where temperatures i n  spring 
are generally high. 

An active search for genetic res~stance to yellow 
l-ust in wheat has been going on at ICARDA. 
Adapted wiriter/hcuItative wheat cultivars lacking 
tolerance to the disease are crossed with resistant 
wheats from different sources. Screening thousands 
of wheat breeding lines under artificial epiphytotics 
at diffcrcnt sites in Iran, Syria, and Turkey, during 
1995 to 1998, resulted in thc enhancement of genetic 
resistance in winter wheat nurseries (Fig. 32, 

FAWWON 

Howcvcr, the fungus continuously undergoes 
genetic changes, through mutation and recombina- 
tion, leading to new virulent races. For instance, there 
are currently more than 20 races of wheat yellow rust 
in Iran alone. 

Data indicate that the highest-yielding wheat 
entries in research trials oftell have a moderate level 
of resistance. Under dryland conditions, moderately- 
susceptible cultivars generally yield higher than resis- 
tant oncs. Research is under way to elucidate this 
enigma. 

Lentil Production Boosted 
in Bangladesh 

Bangladesh ranks fourth in the world in lentil produc- 
tion and, among a dozen pulses grown in the country, 
lentil ranks first in consumption. L,entil is grown on 
about 205,000 hectares, producing 162,000 tonnes 

per year, with a national average of 790 kgfila. Idow 
yield potential of the local cultivars and susceptibility 
to diseases arc the major constraints to lentil 
production. 

The Pulses Research Centre of Bangladesh 
Agricultural Research Institute (BAKI) has strong 
linkages with ICARDA in lentil improvement. In a 
decentralized approach, ICARDA makes targeted 
crosses for Bangladesh, and single-plant selections 
are made from segregating populations in the agrocli- 
matic condit~ons of Bangladesh. This enabled 
Bangladesh to release 'Barimasur-2' in 1993, a rust 
resistant cultivar with an average yield of 1.9 tlha. 
This was followed two years later by 'Barimasur-4,' 
which yielded 2.3 t/ha against 1.3 t/ba for the 
improved variety, 'Uchfala.' 'Barimasur-4' has com- 
bincd resistance to rust and Stemp/~ylliurn blight dis- 
eases. Genes for resistance to these diseases were 
introgressed from parents from ICARDA material. 
'Barimasur-4' is also characterized by an erect 
growth habit and is, thcrcfore, wcll su~tcd for inter- 
cropping with sugarcane, as wcll as mixed-cropping 
with mustard and linseed. 

The Governinent of Bangladesh has initiated a 
massive technology transfcr campaign for pulse 
crops. A survey conducted by BAR1 showed that, on 
avcrage, 'Barirnasur-2' produced 24% and 
'Barimasur-4,' 43% higher yields than the traditional 
varieties. During 1999, BARI conducted more than 
2000 farmers' field demonstrations covering 1 I lentil- 
growing districts in Bangladesh. In some areas, farm- 
ers were expecting to harvest 3 t lha  from 
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'Barimasul--4.'As a result of tcclmology transfer 
efforts over the past three years, 30% of the lentil 
area is now estimated to be grown with improved 
varietics. 

Narbon Vetch: A Potential Feed 
Legume for Dry Areas 

The 1998/99 growing season in West Asia was con- 
strained by low rainfall and prolonged periods of 
drought. Tlie total precipitation was 197, 243, and 
292 mm at Breda (Syria), Kfardan and Terbol 
(Lebanon), a mere of 58,65,  and 55% of the long- 
term average, respectively. Improved lines of narbon 
vetch (Yicia narbo~zensis) gave inore than 1.8 t/ha 
grain and 4.5 tlha straw yield, under these adverse 
conditions. This yield is much higher than for other 
legumes; for example, lentil produced only 0.5 t/ha 
grain undcr Breda conditions. 

-- 
Narbon vetch, successfully grown in Gansu province 
China. 

Results obtained fi-om Gansu province in China 
confirmed narbon vetches's adaptation to the area. It 
produced more than 1.3 t/ha grain under drought con- 
ditions. In Saudi Arabia, at Dierab near Ryadh, Kcia 
nurbonensi.~ Sel. #2380 showed high adaptability. In 
Cyp~us, after five years of testing breeding lines, the 
national. program released the line IFLVN548 as a 
variety for cultivation in dry areas. 

These results demonstrate that narbon vctch is a 
dependable Icguine crop where other legurnes are not 
successful. Its seed contains around 30% protein that 
has an amino acid compositiorl nearly equivalent to 

that of soybean. I t  is considered a good source of 
high-protein feed for poultry. This crop can substan- 
tially increase feed production and farm income in 
rotation with barley, particularly in arcas where bar- 
ley n~onoculture is becoming more common due to 
pressure on land availability and is leading to low 
barley yields. 

I Coming to Terms with 1 Plant ~ i r i e t y  Protection 
I 
I .Efforts to protect the ~ igh t s  of plant breeders have 

been in progress for some 40 years but, in practice, 
only a limited number of industrialized countries 

1 have participated in this activity. As a consequence of 
the Trade Related Intellectual Property Rights ' (TRIPS) provisions of the World Trade Organization, 
many more developing countries are now considering 
this matter and some of them have already introduced 

I their own legislation. Within the WANA rcgion, a 
few countries are well advanced and have prepared 
draft plant variety protection (PVP) legislation, others 
are considering it, while some have Iargely ignored 
the subject. 

ICAKDA has an interest in this subject for two 
key reasons. First, at the policy level, the new legisla- 
tion on varieties may be linked to an existing or new 
seed legislation. This is an opportunity to promote 
regional harmonization, which is a key objective of 
the WANA Seed Network, organized by ICARDA. 
Second, at the technical level, PVP demands an effec- 
tive system for describing new varieties. This is a 
well-established activity at ICARDA, but it remains a 
weak point in many countries due to the lack of 
attention given to variety registration. 

To raise awareness of these issues, ICARDA 
organized a workshop on "Plant Variety Protection" 
in Cairo in May 1999. Representatives of nearly 
all countries in the region attended, and two interna- 
tional consultants were invited. The International 
Union for Protection of New Varieties of Plants 
(UPOV), the organization which promotes PVP, 
was an active contributor. The workshop provided an 
excellent opportunity to understand the cu.rrent 
status, and to answer questions from the country 
representatives. 
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Seed Health Activities 

During the I999 season, the Seed Health Laboratory 
(SHL) tested 4 1,000 samples for seedborne 
pathogens, of which about 28,000 were sent to 
ICAKDA cooperators and 13,000 werc received from 
outside sources. 

'The SHL, in collaboration with the CIMMYT/ 
ICARDA Durum Wheat Breeding Project, has 
worked actively for the second year in plastic-house 
experiments on selection of duruin wheat germplasm 
for resistance to Anguina tvitici and black point dis- 
eases. A large number of resistant accessions have 
been identified. 

Resource Management 
and Conservation 
Strategies for Producing More Food 
with Less Water 
ICARDA's research on supplemental irrigation of 
wheat over the last decade has dernonstratcd substan- 
tial increases in, and stabilization of, rainfed wheat 
production. Furthermore, analysis has shown that 
water used in supplemental irrigation conjunctivcly 
with rain is f - a ~  more eficient than when applied 
alone in fill  irrigation. 

Optimization strategies were developed to maxi- 
mize water-use efficiency. It was found that the 
return froin water applied as deficit irrigation is high- 
er than that applied to meet full. irrigation require- 
ments of the crop. In collaboration with the Syrian 
NARS, improved water scheduling was applied at 14 
hnners' fields ikross the country. Farmers were 
given the options of growing portions of their farms 
as rainfed, with full supplemental irrigation (SI), or 
with deficit SI in which only 50% of full irrigation 
requirements were met. Farmers' yields increased on 
thc average by 250% with full irrigation, ovcr rainfed 
conditions, but when irrigation was cut by half; the 
yield loss was only about 10%. 

Reducing the irrigation amount by 50% allowed 
farmers to imgate additional areas that would have 
otherwise remained only rainfed. With this strategy, 

farmers were able to increase their total farm produc- 
tion by an average of 38% (Fig. 4). 

- 1 

- 
I .Rainfed F-SI MwhbingYleld ~ w W U E  

I 
Supplemental inigation management option 

I 
- 

(Fig. 4. Total production of a four-hectare farm with d'ier- 
ent SI management options under limited water resources 

- - A 
In the dry areas of WANA, water-not land- is 

the most limiting factor for agricultural production. 
Under these conditions, maximizing water productiv- 
ity is more important than maximizing yields. This 
strategy will save water resources and allow to iai-  
gate increased areas with higher total production. The 
study recommends that guidelines for determining 
irrigation water requirements in areas with limited 
water resources should not be based on satisfying h l l  
crop water requirements, but rather on maximizing 
water productivity and farmers' return. 

Barshaya Water Management 
Project Initiates GIs Component 

The expansion of irrigation using groundwater, dur- 
ing the last 30 years, has provided substantial bene- 
fits to many countries in WANA, including higher 
farm incomes, food security, and rural employment. 
However, the high rates of groundwater abstraction, 
which led to these benefits, are often unsustainable. 
Groundwater levels are dropping. Wells have dried 
up in somc areas and irrigated land is being returned 
to rainfed agriculture. 

Research to address this challenge has been initi- 
ated in the village of Barshaya, in northern Syria. The 
aim of this research is to understand local and policy 
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level factors leading to groundwater depletion, har- 
ness local and expert knowledge, and transform 
it-through computer simulation models-into a 
decision-support tool that allows water users as well 
as researchers, policy makers, extension agents, and 
water resources administrators to analyze different 
courses of action and their consequences. 

A Geographic Wormation System (GIs) was 
constructed to incorporate all of the project data. 
Oncc included, researchers can investigate possible 
spatial relationships between the data layers from dif- 
fcrent scientific disciplines. Using an initial cadastral 
map of Rarshaya dating back to 1 947, a village base 
map was created. Obviously, this required extensive 
updating to make it accurate for 1999. This was done 
through fieldwork to identify present land-use and 
field patterns ( F i g .  5) .  

a. 5. ,,rsha,.. .,,,-ge kt,, use ,,,,,,, ,,,, 
199. 

The data collected will be used 'to getlerak a vil- 
lage water availabilityirequiremen.ts map based on 
existing wells, their known discharges, and current 
cropping patte~~ls. Ry combining these data with land 
ownership information, lCAKUA will be able to 
illustrate to the village stakeholders potential water 
management strategies that rnay assist in thc sustain- 
ability of Barshaya's future agricultural production. 

The Optimizing Soil Water Use 
Consortium 
Given the challenges of agriculture in the arid and 
semi-arid regions, the agric~~ltural priority across all 
dry-area farming systems in sub-Saharan Africa 
(SSA) and CWANA is to increase biological and eco- 

nomic yield per unit of water. In rainfed areas, 
improvement can come only from conserving rainfall 
water in the rooting zone of crops (including shmbs 
and trees), and from managing the field and the crops 
to use this water more efficiently. However, actual 
water-use eff~ciency in current farming systems in the 
drought-prone countries of CWANA and SSA is often 
very low, and a surprisingly small proportion of the 
available water is actually transpired by the crop. 

In general, the main agronomic strategies to 
intensify crop production systems are (i) soiI and 
water management, and (ii) cropping system manage- 
ment, with strong emphasis on soil fertility manage- 
ment. 

Onc of ICARDA's activities directed at improv- 
ing thc productivity of water use in dry areas aims 
precisely at achieving this task. ICARDA is one of 
the co-convenors of the Optimizing Soil Water Use 
(OSWU) Consortium, a constituent of the CGIAR 
System-wide Soil, Water, and Nutrient Management 
Program (SWNMP). The overall goal of the 
Consortiuin is sustainable and profitable agricultural 
production in dry areas based upon the optimal use of 
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available water. ?'he Consortium brings together two 
international centers, ICARDA and ICRISAT, and the 
national agricultural research and extension systems 
of meinber countries: Burkina Faso, Egypt, Iran, 
Jordan, Kenya, Mali, Morocco, Niger, South Africa, 
Syria, Turkey, and Zimbabwe. 

Implications of Land-Use Dynamics 
for Land Degradation 
Irn Mial is a typical agro-pastoral village at the fringe 
of the steppe In northwestern Syria. It is one of 1 1  
villages in the Khanasser Valley Integrated Research 
Site, which ICARDA has selected for its participa- 
tory and integrated natural resource management 
research program. 

In Trn Mial, both land degradation and agricultur- 
al intensification have led to changes in land use. The 
reduced fallow with no application of manure or fer- 
tilizer has caused a loss of soiI fertility and corrcs- 
pondingly led to decreasing yields. 

Migration also plays an important role iu the 
management of the land. With the out-migration of 
villagers induced by the limited available land 
rcsourccs for the growing populat~on and favorable 
earning opportunities froin off-farm work, farmers 
are increasingly encouraged to invest in small-scale 
irrigation systems. However, irrigation activities in 
the village are just emerging. 

Larger livestock numbers and the expansion of 
arable land into grazing land are putting increasing 
pressure on the nal ra l  vegetation and have led to 
decreased and less diverse vegetation cover. 
'I'hcrefore, the natpral vegetation now plays a less 
important rolc in the dict of animals. Consequently, 
stall-feeding with crop residues and stubble grazing js 
of increasing importance and the interaction between 
crop and livestock has been intensified, encouraged, 
and facilitated by the market forces. 

A large number of villagers believe that out- 
migration for off-farm work will continue to increase 
and that more people in the village will take up sheep 
fattening for meat, not for milk, mainly on purchased 
crop residues. 

A survey has shown that any land-rehabilitation 
measures in the Valley must be adapted to fit into the 
land utilization and living traditions of the farmers. 

Efforts to conserve the natural resources in the area 
can be initiated with on1 y a small financial and labor 
input from the farmers. The major activities should 
be in the winter period after the sowing of the rainfed 
fields, when the farmers are present in the village. 

I Khanasser Valley, nekr Aleppo, Syria - oie of 11 villages i~ 
ICARDA's Integrated Research Site in the Valley. 

'Tree plantations in the fields located on the 
mountain slopes can conserve the soil and prevent 
erosion. Some trees, such as olives, require only 
minor inputs when the plantation is established. The 
harvest time for olives is in November, when most of 
thc farmers have returned to the village. 

Farmers spend a large amount of money to buy 
crop residues to feed the livestock. Increased on-fam~ 
integration between crop and livestock, where fbdder 
crops could be cultivated instead of fallow, can 
increase fodder availability and improve soil fertility. 

Study of Land Use and Vegetation 
Cover in the Arid Margins of Syria 
With financial support from the Swiss Agency for 
Development and Cooperation (SDC), a study of land 
use and vegetation cover of the arid margins of Syria 
was carried out by a multidisciplinary team from 
ICARDA, the La Maison de ]'Orient M6diteranken 
(Universiti [,yon 2 - CNRS), the Graduatc lnstit~~te 
of Development Studies (IUED, Geneva), the Institut 
de (;tographie et d'AmCnagernent Regional of the 
University of Nantes (IGARUN), the Syriari 
Department of Antiquities, the Institute of Arab 
Studies, Damascus, and the University of Aleppo. 
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The study covered a total area of 800,000 ha in 
the Aleppo-IIama region. It focused on thc human- 
environment relationship, the dynamics of transfor- 
rnation in the physical and human environment, and 
their interactions in arid and serni-arid areas. It 
addressed such questions as the effects of hurnan 
activities on the resource base, the extent of desertifi- 
cation processes, the sustainability of currcnt forms 
of resource exploitation, and the strategies adopted 
by farmers and herders to adjust to the profound 
changes in their physical and social cnvironrnents. 

A map of the land use and vegetation cover for 
the entire study area was produced using satellite 
imagery in conjunction with topob~dphical maps and 
statistical data from the Syrian Ministry of 
Agriculture and Agrarian Reform (Fig. 6 ) .  The map, 
first of its kind, provides spatial information for the 
region, and fills an important knowledge gap. 

I Fig 6. Map of land use and vegetation cover of the I Aleppo-Hama region, Syria. I 

A total of I I thematic maps ranging from the 
geographic units to the protected areas in Zone 5 
were produced. These include official agricultural 
zoning, geomorphology, rainfed wheat-lentils, fruit 
trees, irrigation systems, summer imgatjon, ancient 
water harvesting systems (qanats), barley cul tivatlon, 
and protected steppe areas. 

Concerning steppe areas, which are now of high 
priority with tlne recently initiated "Badia (rangeland) 
Project" by the Syrian Ministry of AgricuIture and 
Agrarian Reform, one important result of the study is 
to preciseIy locate and quantify degraded arcas. 

Integrated Livestock Production 
Improvement in Central Asia 
New systerris of animal production and land tenure 
are emerging in Central Asia in a scenario of disrupt- 
ed markets and minimal production supporting ser- 
vices. Research results and technology transfer ser- 
vices do not reach farmers, and small-ruminant pro- 
ductivity is low in addition to an alarming degrada- 
tion of natural resources. The impacts of the transi- 
tion have been serious. - Kazakstan alone has lost 27 million heads of 

sheep in less than a decade (from 36 million to 
nearIy 9 million heads). 
Extensive areas of range are inadequately utilizcd 
now that rotational seasonaI grazing has given 
way to different forms of land degradation. 
Sheep farmers cannot sell wool and pelt products, 
because of low prices and limited marketing 
opportunities. The human population faces nutri- 
tional problems in view of reduced availability of 

--- 
stock play a key role in the Central &!&&inoWi.ies. 

workiig with CAC NARS to address the pmb- I 
s of declining small-ruminant production and natural- ] 
B 
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livestock products, aggravated by lower purchas- 
ing power. 
To address these issues, ICARDA launched an 

IFAD-funded project on "Integrated Feed and 
1.ivestock Production in the Steppes of Central Asia" 
(IFL-CA) in October 1999. The first step was to 
develop work plans for Kazakstan, Kyrgyzstan, 
Turkmenistan, and Uzbekistan. ICAKDA scientists, 
along with over 100 scientists froin Central Asia, 
diagnosed production problems and devised a strate- 
gy to mitigate them. Elements of the strategy involve 
(i) research on socioeconomic issues and markets, (ii) 
testing and application of available technologies to 
iinprove feed and livestock production, and (iii) pro- 
viding training to scientists and farmers. 

The 1FL.-CA project involves collaboration with 
the IJnited States Agency for International 
Dcveloplnent (USA1D)-funded Global Livestock- 
Collaborative Project Support Program (CiL-CKSP), 
which allows TCARDA to link itself to two advanced 
research institutions: University of California, Davis, 
and University of Wisconsin, Madison. In addition, 
ILRI has been invited to contribute to epidemiology, 
and IFPRI to policy and property rights research. 

Impact Assessment and 
Enhancement 
An Innovative Approach for 
Community Participation 

ICARDA and IFPRl, in collaboration with NARS of 
eight WANA countries (Algeria, Iraq, Jordan, 
Lebanon, Libya, Morocco, Syria, and Tunisia) have 
made an important shift from the conventional tech- 
nology transfer approach in the dry areas, which 
lnajnly focused on farms and herds, to the communi- 
ty. A wider group, including poor farmers, who often 
did not benefit from technical innovations, is now 
targeted. 

With active community involvement and sus- 
tained dialog and interaction between local cammuni- 
ties and the Mashreq & Maghreb (M&M) Project 
national team, each country has selected two commu- 
nities to implement the agreed research activities. 

In the first phase of the M&M Project, scientists 
determined the technology boundaries and decided 
which would most benefit the community, particular- 
ly the bigger farmers and larger sheep breeders who 
were most likely to adopt new ideas. The scientists 
also determined lhe success of this approach. 

In the on-going second phase, fanners and the 
community are involved in decision-making, and 
selecting objectives and technoiogies. Community 
expertise, such as farmers' indigenous knowledge, is 
taken into account, and success or otherwise of the 
new techniques is determined by the community. 
Unlike the judgmental approach of scientists in the 
first phase, the comlnunity approach is orientcd to 
problem solving. 

Impact of Barley and Lentil 
Germplasm Improvement 

Developing countries in CWANA and in Latin 
America grow about 17 million hectares of barley. 
The worldwide lentil area in 1998 was 3.32 millioil 
ha, of which 2.69 million ha (81%) were planted in 
dcvcloping countries. Studies measuring the impact 
of ICARDA's germplasm program in developing 
countries were carried out using data coIlected by 
national programs and experimental dava from 
research centers. 

Barley 
About 54% of 1 1 1 varieties released in 23 developing 
countries froin 1980 to 1999 originated from 
ICARDA crosses. A noticeable rise in NARS varietal 
selection indicates increased research capacity, and is 
consistent with the decentralization of the barley-, 
breeding program to NARS, while maintaining 
access to a continuous flow of genetic variabdity 
through collaboration with 1CARDA. 

ICARDA advanced lines and released cultivars 
represent the major part of NARS crossing blocks, 
increasing from 46% in 1987 to about 60% in 1997. 
The overall average of the diffusion of improved bar- 
ley varieties, weighted by area, for eight countries is 
1 5%, of which 1 0% are planted with JCAFWA cross- 
cs or varieties with parents from ICARDA material, 
and 5% are planted with NAKS varieties. 



Lentil 

Landraces from ICAWA's collection have been 
released as cultivars for the WANA region and 
beyond. From 1980 to 1999, ICARDA made the 
crosses for 50% of 52 varieties released by 22 collab- 
orating countries, but a further 3 1 % of released lentil 
varieties are attributable to ICARDA gcrmplasm 
accessions ox parents. ICARDA advanced lines 
increased from 21% in 1987 to 55% in 1997 in 
NARS crossing blocks. 

The immediate yield advantage of switching from 
unimproved to improved varieties is as high as 928 
kylha in China, and 200-250 kgha in other countries. 
Keleased varieties also have important traits such as 
resistance to disease, including root rot, wilt, and 
drought. 

Although diffusion curves indicate that improved 
Icntil varieties have not yet reached their full adop- 
tion potential in many countries, the average adoption 
rate increased from 2% in 1990 to 29% in 1997. 

Factors Affecting Women's Access to 
C c S e ~ ~ r i t y  Assetss' 
A case study in Atareb community in northwestern 
Syria examined the nature and extent of women's use 
of, and access to agricultural land in livestock-crop 
production systems. 

Although the study included the entire female 
population, it focused more on widows and 
divorcees. Such vulnerable women need access to 

'security assets' such as land and gold for 11sc in 
times of hardship. 

Land is an important source of livelihood, espe- 
cially for women with fewer off-farm work opportu- 
nities. About 7 1 %  of the women interviewed were 
currently or previously engaged in cropping. 
However, few women held legal titles to land. Only 
19% of those who could inherit land, actually did so. 
Just under half (49.5%) of this sub-sample of women 
declined their share, 3.4% were compensated for not 
inheriting, and illheritawe was blocked for 10%. 

Reasons for declining inheritance included the 
number of brothers, and the size of paternal land 
holdings. Most gave up property rights expecting 
family support in times of crisis (widowhood, 
divorcc, etc.). However, the study indicated that 
women accepting a decline in their property share did 
not benefit from assurances of support from their 
brothers and were unlikely to get any compcnsation. 
'I'his breakdown of customary mechanisms is prompt- 
ing some women to take legal action to claim their 
rightful share of paternal land. 

Furthermore, gold is often used during the early 
years of marriage to cover household expenses or 
investments in a husband's farming enterprise. 
Agricultural labor is the most accessible income 
source for unsupported, uneducated womcn. Low 
wages, the seasonal nature and insecurity of wages, 
and low status stand in the way of women agricul- 
tural laborers to invest in the gold or land that rnight 
secure their future. 

I During 1999, ICARDA offered training opportunities 

ing agricultural and social environment in the 
ion calls for a fresh took at women's access to 

their "secufity assets," 

to 715 national scientists from 45 countries from the 
CWANA region, Africa, Asia and the Pacific region, 
and Europe. Of these, about 48% participants were 
trained in 16 courses organized at TCAWA head- 
quarters in Alcppo, while the remaining were trained 
in 23 in-country, sub-regional, and rcgional training 
courses. About 18% of these were wornen. In addi- 
tion, 68 national scientists from the developing and 
industrialized countries, registered with various uni- 
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versities, have been conducting their graduate 
~esearch training for MSc and PhD at ICARDA. 

?'he Center also coordinaled imple~nentation of 
different training needs for several external-funded 
projects. For instance, 77 scientists and progressive 
farmers from an IFAD'S funded project in Egypt were 
traincd in two specialized training courses at 
NCARTT, Jordan. In addition, a training course on 
"Women in Development" involving 19 participants 
from the Matrouh Resources Management Project 
(MRMP) in North-west, Egypt, was organized In col- 
laboration with Jordanian institutes. 

To respond to a request from the Egyptian 
Ministry of Agriculture and Land Kecla~nation, 32 
scnior scientists and extension specialists, flunded by 
IFAD, were trained at ICARDA headquarters in "Soil 
and Water Management" and "Farm Mechanization 
and Experimental Station Operation Managerncnt." 
Three regional/international training courses on 
water-relatcd subjects were jointly organized with 
CIHEAM-Bari. 

A course on cLIIuman Resources Development for 
Biodiversity Conservation" was jointly organized 
with the Arab League, and another in cooperation 
with thc University of Birmingham, UK, on 
"Conscrvation and Utilization of Plant Genetic 
Kescarch." 

Intcr-Center collaboration was strengthened 
through participation in ihe Inter-Center Training 
Group (ICTG) and the exchange of the ICARDA 
training database with sister centcrs. 

Information Dissemination 
ICARDA's presence was firmly established on the 
World Wide Web with direct access to the web site 
permitting fast update of information and features. 
The site was redesigned and enriched with pictures 
and ncw information material, including three issues 
of Carcxvan, the 1498 Annual Report, and several 
other docutnents. 

Several press releases were issued, many of 
which were taken up by print and electronic media. 
New public awareness material was produced for the 
CGIAR meeting with US congressmen at Capitol 
11111, and for International Centers Week held in 
October in Washington DC. A new EnglisWArabic 

video an  "Seed Processing" for usc in training and 
extension work, and another on "Wheat in Syria" for 
increased public awareness of ICARUA's achieve- 
ments were produced. Information material specially 
designed for the EPCOT International Flower and 
Garden Festival, held in Florida, USA? was produced. 

.. . 

a 
Florida, USA, highfighting the 

Two training courses- "Agricultural Information 
Management Using New 'Technology" and "Scientific 
Writing and Data Presentation"-were offered for 
NAKS colleagues from West Asla and North Africa. 

Among the key publications produced during the 
year were "The Synthesis: 1993-1 998," to meet the 
information needs of the EPMR Panel, the corporate 
Annual Report for 1998, the condensed "Major 
Developments in 1998," and four workshop proceed- 
ings, including "The Origins of Agriculture." The 
Week af ICARDA was published on schedule. 

The library added 975 new books to its collec- 
tion, 1480 issues ofjournals and Annual Reports, and 
regular updates of AGRICOEA, AGKIS, and IS1 
Current Contents databases on CLI-KOMs. Mos.1 of 
these databases were mounted on CD-ROM towers 
and made accessible on-line. In addition, the Library 
continued to play an active role in conducting litera- 
ture searches and providing photocopies of docu- 
rnents to NARS scientists. 

Computer and Biometric Services 
All Y2K non-compliant machines were upgraded for 
Y2K cokpliancc at headquarters as wcIl as in the 
Regional Progra~n offices. A 24-hour leased line 



from ICARDA to CCiNlET was put in operation and, 
in July, 1CARDA got connected to the Internet. A 
Policy for the Internet Use was developed and imple- 
mented. 

With the availability of the IVDN line, the Center 
installed MS Exchange Server 5.5, and implemented 
the migration of the users' mail folders and the 
shared folders with support from the CGNET. MS 
Outlook is the client interface with this server. 

Migration of the Management lnformation 
Systeins from VAX to a clustered Coinpaq Proliant 
3000 with dual CPU and Windows N'I' Enterprise 
environment was coinpleted. The development and 
implementation of an out-sourced Payroll system was 
also completed. 

The local-area network was extended to the 
Sheep Unit at the headquarters. 

Biornetric consultancies and assistancc on data 
management and analyses were provided to 
researchers in various areas including cropping sys- 
tems, germpiasm improvement, and land degradation. 
Alternative methods of   nod cling spatial variability 
using Fouricr seiies and pol ynoniial regressions in 
lentil trials were developed. Exprcssivns for estimates 
of the parameters of a model to detect the QTLs for 
disease data and minimum nulnbcr of plants required 
for estimat~ng diversity were obtained. 

An Inforrnation Technology Strategy and 
Implementation Plan was jolntly developed for the 
Ethiopian Agiicultural Research Organization 
(EARO) . 

International Cooperation 
As a "eer~tcr without walls" ICARnA promotes part- 
nerships with NARS in the dry areas, as well as with 
regional and international organizations and advanced 
research institutes throughout the world. The seven 
Regional Programs of the Center play an important 
role in this effort. Collaboration includes cxchange of 
technology and germplasm, as well as human 
resource development. 

Duing 1999, ICARDA in collaboration with 
FAO, AARINENA and CIHEAM, completed a 
WANA NARS Review Study. The Study, which cov- 
ers 19 countries in WANA, provides a comparative 
analysis of the organizational structure, mandate, 

research program, human and physical resources of 
national research, and educationaI institutions in 
those countries. 

North Africa Regional Program 
The Noi-th Africa Regional Program (NARP) covers 
countries of the Maghreb region (Algeria, Libya, 
Morocco, and Tunisia) and, sjnce 1998, Mauritania. 
Erriphasis was given to developing new projects. A 
draft strategy for NARS and ICAKDA cooperation in 
North Afiica was developed for review and approval. 

explain how rangelands are used in Libya. 

Cooperative Research 

New, improved germplasm of barley, legumes, wheat, 
and forages from ICARDA was extensively used by 
NARS in their breeding programs. 1CAKDA's out- 
sourcing of research to Moi-occo on resistance to, and 
biotype characterization of Hessian fly, and resistance 
to Russian wheat aphid and to the barley stern gall 
midge continued to serve the WANA region. 
ICARDA agrometeorologists backstopped INRA, 
Morocco in producing land suitability maps. 

Regional activities with national partner-institu- 
tions included implementing work plans of the 
"Regional Program on Development of Integrated 
Crop/Livestock Productioil Systems in Low-rainfall 
Areas of the Mashreq/Maghreb Region Phase I 1  
(M&M)," funded by IFAI), AE'ESD and IDRC; 
"WANADDIN," suppoi-ted in Morocco by IFAD; 
"Farrner Participation in Barley Rrecding," supported 
by IDRC; and the "Rangeland Management Project" 
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in Morocco, supported by the Swiss Government. In 
addition, collaborative programs continued on "On- 
farm Water Husbandry," and on "Use of Shrubs and 
Fodder Trees in WANA and Sub-Saharan Africa 
(SI,P)." Project activities in "Biotechnology for Arab 
Countries," supported by AFESD, and "Optimizir~g 
Soil Water Use (OSWU)" were initiated. 

Meetings, Workshops, and Training 

Annual National Coordination Meetings were held in 
Algeria, Libya. Morocco, and Tunisia lo evaluate the 
results of collaborat~ve research in 1998199 and 
develop work plans for 194912000. 'Thrce regional 
coordination meetings were also held: (i) SLP in 
Morocco, in which scientists from nine countries in 
WANA and Sub-Saharan Africa participated; (ii) On- 
Farm Water Husbandry Steering Committee Meeting 
in Tunisia, including a trdveling workshop; and (iii) 
I~nprovement of Barley in North Africa and Egypt, in 
Tunisia, in which barley scientists from North 
African countries met to evaluate Lhe progress and 
initiate new collaborative activities. 

Two traveling workshops were c:onducted for 
farmers: (i) "Farmer Participation in Barley 
Breeding" in Morocco, and (ii) visit of Egyptian 
farmers from MRMP to Morocco to see techniques of 
water management in arid areas. A WANADDIN 
workshop on "Durum Wheat in the Mediterranean 
Region" was jointly organized by ITGCAFADICIM- 
MYT/ICARDA in Algeria for more than 45 policy 
makers, managers, and scientists. NARP scientists 
participated in a meeting to start a new Maghreb net- 
work on cereals, REMACER. Discuss~ons on joining 
the legumes network, REMAL,A, also began. 

In-country and regional training courses were 
held on alternative feed resources and small-ruminant 
management, variety description arid breeder seed 
production, and molecular biology. NARPflCAKDA 
contributed to an advanced course on water-use effi- 
ciency, organized by CIWEAM/Bari in Morocco. 

Nile Valley and Red Sea 
Regional Program 
The Nile Vallcy and Red Sea Regional Yrogranl 
(NVIISKP), which operates from ICARDA's 
Regional Office in Cairo, Egypt, implements and 

marrages several projects in Egypt, Eritrea, Ethiopia, 
Sudan, and Yemen with the overall objective of 
increasing the income of smallholder farmers. 

Collaborative Projects 

In Egypt the ongoing projects are: "Cereals, Food 
Jkgumes, and Natural Resource Management"; and 
"Weed Control in Wheat Fields," both funded by the 
European Union (EU) and the Egyptian Government; 
and the "MRM Project," funded by the Egyptian 
Government through a World Bank loan. In Ethiopia, 
a project on legume improvement is supported by the 
Netherlands Government. In Yemen, the 
"Agricultural Sector Management Support Project 
(ASMSP)" is financed by the Yemeni Government 
through a World Bank loan. 

. ., , Ras El- 
Hekma, Egypt keep barley seed stock for three years in 
heaps protected by chopped straw, a thick layer of mud, L stones. 

Meetings, Workshops, and Training 

National Coordination Meetings were held in 
Ethiopia in May, Sudan in August, and Egypt and 
Yemen in September, together with the Annual 
Management Meetings. The NVKSRP Regional 
Coordination Meeting was held in Addis Ababa, 
Ethiopia, in October, and included a one,.day field 
visit to EAKO. The Meeting was inaugurated by the 
Minister of' Agriculture and ICAWA Director 
General. It was followed by the NVRSRP Steering 
Committee Meeting, in which representatives from 
the four countries, ICARDA, and donors, discussed 
and approved the work plans and budgets for 
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199912000. The MRMP!ICAKDA Annual 
Coordination Meeting was held in Matrouh in June. 
A mccting for 30 specialists from lMRMP and 
ICARDA, and consultants, was held to develop a 
strategy and a medium-term (fivc-year) plan for the 
northwest coast of Egypt. 

In Egypt, a training workshop on resource inan- 
agement was attended by 29 researchers, and 100 
extension agents were trained in wild oat control in 
wheat. A regional, training course on "Utilization of 
Expert Systems in Agricultural Research and 
Production" was jointly organized by ICARDA and 
the Central Laboratoiy for Agricultural Expert 
Systems (CLAES) of ARC, Egypt, in Octobcr, for 12 
pai-ticipants from I I countries. 

Three txaveling workshops on wheat, barley, and 
food Icgumcs, each attended by more than 30 
Egyptian scientists, were organized in Egypt in 
March. "A Barley Regional Workshop" in Ethiopia in 
October brought together 35 participants from 
Ethiopia and TCARDA. 

West Asia Regional Program 
The West Asia Regional Program (WARP) promotes 
regional cooperation in research, training, and infor- 
mation dissemination in Cyprus, Iraq, Jordan, 
Lebanon, Syria, and the lowlands of Turkey. The 
major emphasis is on irnproving fdrming systems in 
200-450 rnm rainfall zones characterized by a limited 
agricultural resource base, shortage of water, highly 
erratic rainfall in time and space, and rapid popula- 
tion growth. 

Collaborative Projects 
The Mashreq and Maghreb (M&M) Project, funded 
by AFESD, IFAD, and IDRC, started its second 
phase in 1998199 in Iraq, Jordan, Lebanon, and Syria. 
It now has strong co~n~nunity focus and integrates 
technology transfer, socioeconomics, and policy and 
property rights issues across ecological zones and 
disciplines. Through special finding from the Ford 
Foundation, in-depth studies on policy and property 

rights are conducted to idem@ options to 
contribute to sustainability of the natural 
resources base. 

Collaborative project activities con- 
tinued in on-farm water husbandiy and 
improvement of barley under dry condi- 
tions and the production and utili~ation of 
multi-purpose fodder shrubs and trees. 
Activities of the new UNDPiGEF Project 
on Conservation and Sustainable Use of 
Dryland Agro-Biodiversity in Jordan, 
I,ebanon, Syria and the Palestin~an 
Authority were iinplemented as planned. 

Meetings, Workshops, and 
Training 
Coordmation Meetings were held with 

Iraq and Syria, and a pre-coordination 
,,,ceting was held with the Lebanese Agricultural 

An international workshop on "Siratcgies and 
Technology for Conservation and Susta~nable Use of 
Biodiversity in Large West Asian and North African 
Landscapes" was held in Matrouh, Egypt, in March, 
with 85 participants from I4 countries and 10 nation- 
al, regional, and international organizat~ons. 

Research Institute in Lebanon. The Second Regional 
'Technical Plann~ng and Coordination Meeting of the 
M&M Project-Phase 11, held in October in Aleppo, 
Syria, was attended by natlonal coordinators and rep- 
resentatives from Algeria, Iraq, Jordan, Lebanon, 
Libya, Morocco, Syrla, and Tunisla. 
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A stakeholders' meeting was held in May at 
ICAKDA headquarters to begin implementing the 
UNDP1GF.F Agrobiodiversity Project. The Regional 
Planning and Steering Committee Meetings were 
held in Jordan in July to finalize technical work plans 
for the four countries involved in the project. The 
Steering Committee Meeting of the Project on 
"Optimizing Soil Water Use (OSWU)" was hc.ld in 
A ~ T K I I ~ ~  in May, with 13 participants from nine coun- 
tries, and from ICRISAT and ICAKDA. 

AARINENA/ICAIU>A taskforce meeting was 
held in ICARDA headquarters in ~~~~~t to finalize a 
regional project proposal on non-conventional alter- 
native feed resources. 

A workshop on "Studies on Local Communities 
of the M&M Project," held in Aarsal village, 
Lebanon, was attended by farmers and herders froin 
Aarsal and Deir El-Ahmar con~munities, as well as 
officials and scientists from Lebanon, Syria, and 
ICARDA. A regional workshop on "Feed Block 
Technology" was held in Iraq with the participation 
of researchers from the Mashreq and Maghreb coun- 
tries, the private sector, farmcrs, and sheep owners. 

A regional training course on "Community 
Approach and Gender Analysis" was 

Arabian Peninsula Regional 
Program 

ICARDA's Arabian Peninsula Regional Program 
( h p ~ p ) ,  hnded by AFESD and IFAD, which was 
formally opened in January 1997, successfully com- 
pleted its first phase. 

CollabOratjve Research 
Most of the objectives were met for the four main 
collaborative research themes: (I) rangeland, s h ~ b s ,  
irrigated forages, and livestock; (ii) protected agiicul- 
ture; (iii) abiotic stresses; and (iv) on-farm water use 
and irrigation management. Substantial technical 
input continued to be provided within thc themes. 
Particular emphasis was given to the evaluation and 
seed increase of selected indigenous desert grasses 
and the development of maps on ecological charac- 
terization of the region. In March, an IFAD expert 
carried out a successful supervision mission on 
rangeland and conservation research. In protected 
agriculture, an integrated management prograin was 
implemented in all thc countries. 

held in Amman, with 20 participa~its 
from Mashreq and Maghrcb countries. 

Outsourcing 

Socioeconomics experts from Iraq 
were contracted to assess the regional 
impact of ICARDA's achievemerlts in 
gertnplasm improvement; and special- 
ists from Jordan provided consultan- 
cies to 1CARI)A research and devel- 
opment projects in soil conservation 

The 
for Agricultural Research and 
Techno logy Tmnsfer (NCARTT) in 
Jordan was outsourced to provide 
training to 58 farmers from MRMP of Egypt in Research on conservation and utilization of for- 
"Adoption of Modern I~~igation and Intensive 
Agricultural Systems." Cooperation with the 
Economic and Social Commission for Western Asia 
(ESCWA) continued on important aspects of water 
use and policy. 

ages in the Arabian Peninsula continued. A collection 
mission was completed in the eastern plateau of 
Yemen. In collaboration wit11 thc Natural I-Iistory 
Museum of Sharjah, all the herbarium specimens of 
thc collected plants were labeled and mounted. A 
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database on the collected forage species was complet- 
ed and is being used to identify useful gennplasm for 
evaluation and seed increase. 

In collaboration with the United Arab Emirates 
(UAE) University and the Ministry of Agriculture 
and Fisheries, measurements were madc on the nutri- 
tive value of previously-collected desert fbrages. 
Initial results from five indigenous desert grasses 
show they have values as higb as introduced material. 
Data on germination and establishment of these 
grasses were collected, and a seed tnultiplication pro- 
gram for thrce of these grasses was initiated in 
Tlahrain, the Kingdom of Saudi Arabia, the Sultanate 
of Oman, and UAE. 

Meetings, Workshops, and Training 

The APRP Regional Coordination Meeting, held in 
the Sultanate of Orran in mid-June, was attended by 
over 60 scientists and managers from the Arabian 
Peninsula. NARS and ICARnA scientists made over 
40 presentations. The achievements were presented 
during the Regional Steering Committee Meeting, 
and a project document for the next phase of APRP 
was finalized. 

A training program on "Intcgrated Management 
of Greenhouses" was held in Doha, Qatar. Twenty- 
two scientists from the Arabian Peninsula NARS 
were trained in different aspccts of greenhouse man- 

NARS-funded, were strengthened. A Memoranduin 
of Understanding was signed with the Ecorlomic 
Cooperation Organization (ECO) with the aim of pro- 
moting agricultural research and development in 
ECO member countries. 

Collaborative Research 

Collaborative research with Turkey's Central 
Research Institute for Field Crops (CfUFC) included 
testing gerrnplasm of barley, lentil, durum wheat, and 
annual forage legutnes at Haymana and other sites in 
Turkey for tolerance to cold and drought. Some of 
the selectcd forage species were shared with CAC 
countries. 

Fa.cultative and winter wheat, developed under 
the umbrella of the lWWlP (International Winter 
Wheat Improvement Program, a joint eftbrt between 
Turkey, CIMMYT, and ICARDA) was tested at 
Konya, Cumra, Eskisehir, Ankara, and other sites in 
Turkey, and at ICARJIA in Syria. The dry season was 
useful in selecting drought-tolerant germplasm. 
International fac1.1ltative and winter wheat nurseries 
were prepared at Konya Institute and sent to collabo- 
rating institutes in Turkey and other countries, includ- 
ing those in CAC. Some of the breeding lines were 
selected in Uzbekistan, Turkmenistan, and Georgia 
for tlationwide testing and on-farm demonstration in 
2000. 

agement and crop production and protection. 
During the year, 52 scientists from the Arabian 
Peninsula were trained in various disciplines both 
at ICARDA headquarters and in the region. 

Highland Regional Program 
The Highland Regional Program (HEW address- " - - 
es thc constraints to agricultural production in -1 

the Atlas Mountains. 
A major component of HRP's work is conducted 

in Iran and Turkey, where ICARDA has posted staff. 
In 1999, new activities were initiated in Turkey and 

Collaborative research in Iran led to the release of 
a winter wheat and a barley cullivar, and to the iden- 
tification of promising lines of wheat, barley, lentil, 

some old ones phased out. Activities in Iran, largely and chickpea for Iran's dry rainfed areas. 
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Meetings, Workshops, and Training 

ICARDA researchers participated in the Annual 
Plarrning Meeting of the Winter Wheat Improvement 
Program at Eskisch~r, and in a related meeting at 
Ankara on root-rot diseases of wheat. An ICARDA- 
organized traveling workshop visited 'rurkcy in May 
to evaluate and select winter barley at Haymana 
Research Station, and to discuss barley improvement 
issues with researchers from Turkey and ICARDA. 
Another traveling workshop on winter wheat 
improvement was jointly organized in Turkey, where 
43 wheat researchers from CWANA countries, 
ICARDA, and CiMMYT visitcd farmers' fields and 
research stations in Ankara, Konya, and Eskisehir. 

Meetings were held in Aleppo, Syria, and 
Sanliurfa, Turkey, with the participation of delegates 
froin ICARDA and Southern Anatolia Research and 
Development Agency (GAP-RDA), to discuss collab- 
oration between the two institutions. Two projects 
with finding from GAP-RDA arc due to start in 
2000. 

Two in-country courses were held in Iran, one on Califo~nia, Davis, on rangeland management and car- 
"Application of Molecular Marker Techniques" and bon sequestration. On-station breed characteri~ation 
the other on "Management of Yield 'Trial Data." in small ruminants began in four Ccntral Asian and 

three Caucasian countries. 

Central Asia and the Caucasus ICARDA also actively part~cipated in study mis- 
sions in CAC, including participation in the World 

Regional Program Bank-supported project on "Seed Component of the 

In its second year of establishment, the Central Asia Agricultural Support Services Project in Kyrgyzstan." 

and the Ca~~casus Regional Program 
(CACRP) continued to enhance ICARDA's 
partnerships with the eight NARS of the 
CAC region: Kazakstan, Kyrgyzstan, 
Tadjikistan, Turkmenistan, and Uzbekistan in 
Central Asia, and Armenia, Azerbaijan, and 
Georgia in the Caucasus. The Program was 
further strengthened in 1999 by the posting 
of an ICARDA senior barley breeder in its 
Regional Office in Tashkent. During the year, 
ICARDA signed bilateral agreements o f  
cooperation with Armenia, Azerbaijan, and 
Georgia. As nlentioned before (page 141, a 

Central Asia," to be initiated early in 2000, was 
approved by the Asian Development Rank. 

c U ~ ~ Q X  search 

The Program continued to strengthen collaborative 
activities in five areas in the CAC region: (i) produc- 
tivity of agricultural systems; (ii) natural resourcc 
conservation and management; (iii) conservation and 
evaluation of genetic resources; (iv) socioeconomic 
and public policy; and (v) strengthening national pro- 
grams. Work on germplasm conservation, evaluation, 
and documentation (in collaboration with IPGKI) was 
strengthened through the ACIAR-supported project, 
and through the CGIAR Program for CAC. Similarly, 
the collaborative work on germplasm enhancement of 
wheat (in collaboration with CIMMYT), barley, and 
food and feed legumes was further strengthcned with 
financial support from the CGIAR Program. 

On-going collaborative activities in Uzbekistan 
were continued in cooperation with USL)A/ARS (on 
Karakul sl~ecp) and GL-CRSPKJniversity of 
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'The report on "Seed Sector Study in Kazakstan" was 
finalized with COW1 of Denmark, and the Ministry 
of Agriculture, and tlne National Academic Center for 
Agricultural Research of Kazakstan, and was jointly 
presented at a seminar in Astana in November. 

CGIAR Collaborative Research Program 
for CAC 

CACRP Office, which hosts the CGIAR Program 
FaciIitation Unit (PFU); continued to provide support 
to the CGIAR Collaborative Research Program for 
CAC. In 1999, the CGIAR Program, in which nine 
CG Centers (CIMMYT, CIP, ICARDA, ICRISAT, 
IFPRI, ILRI, IPGRI, ISNAR, and TWMI) are partici- 
pating, became fully operational in the eight CAC 
countries. The Program successfully organized two 
meetings during the year: the Second Prograin 
Steering Cormnittee Meeting in Tbilsi Georgia in 
June; and a luncheon meeting during the International 
Centers Week, in Washington, DC in October. 

Meetings, Workshops, and Training 

The CACRP Regional Cool-dination Meeting was 
held in Tashkent, Uzbekistan, in September. Fifty 
senior scientists from the NARS discussed results of 
the 1998!99 season and finalized work plans for thc 
199912000 season. The Program also organized a 
meeting for stakeholders of the project on "Integrated 
Feed and Livestock Development in the Steppes of 
Central Asia" at ICARDA hcadquarters in June. This 
was followed by four National Coordination 
Meetings for the IFAD-supported feed/livestock pxo- 
ject in Kazakstan, Kyrgyzstan, Turkmenistan, and 
Uzbekistan, and a Regional Coordination Meeting in 
September to discuss regional activities of the pro- 
ject. A project Steering Committee Meeting was heId 
in October in Tashkent. The Prograin also organized 
the meeting of the "Central Asia and Trans-Caucasus 
Network of the Plant Genetic Resources (CATN- 
PGR),"in collaboration with IPGRI-CWANA, in 
April in Tashkent, followed by its Steering 
Coaimittee Meeting. 

A regional workshop on "On-Farm Soil and 
Water Managelnent in Central. Asia" was held in May 
in Tashkent. Two regional traveling workshops were 
organized to enhance information exchange and 

regional collaboration in the CAC countries: (i) 
"Barley in Syria, Turkey, and Russia," in May, and 
(ii) "Winter Wheat in Turkey," in June (in collabora- 
tion with CIMMYT). 

Six short-tenn training courses for 45 scientists 
were organized in the CAC rcgion or at ICARDA 
headquarters. 

Latin America Regional Program 

With support from the Peruvian Technical Secretary 
for Coordination (SC'I') and the CGIAR, ICARDA's 
Latin America Kegional Program (LARP) was 
deployed from CIMMYT, Mexico to CIP in Lima, 

I Peru, in March 1999. The objective of LARP is to 
develop alliances with Latin American NARS and 
IARCs in ICAKDA mandate crops.and nahlral 
resource management in dry areas. At the same time, 
research on barley improvement within the ICARDAI 
CIMMYT program based in Mexico continues to be 
of high priority because of its impact on rcsourcc- 
poor farmers in Mexico and thc Andes. ICARDA is 
consolidating research projects in food legume 
irnprovenlent (lentil, faba bean, and Kabuli chickpea) 
in collaboration with public and private sectors and 
other international organizations. 

The dry areas of the Peruvian northcm coast are 
in need of attention to natural resource management. 
Cioat production systems and agrotbrestry are pivotal 
for the research agendas related to desertiijcation, 
food security, and strategies to cope with El Niiio 
effects. Spillovers of this research to the southcrn part 
of Ecuador and northern Mexico are expected. 
ICARDA will continue to pursue range rnanagemcnt 
issues in the Andean highlands where water manage- 
ment and common property issues constrain small 
ruminant production among the poorest sectors of thc 
rural population. 

In collaboration with CONDESANICIP, universi- 
ties, and NGOs, ICARDA has pursued competitive 
funds to investigate the comparative advantage of 
organic faba bean cultivation in irrigated and non- 
irrigated terraces in Peru and Bolivia. This is in 
response to the need to assess the economic viability 
of agroecological principles in the era of global mar- 
kets. Likewise, NIFAP and ICARDA are collaborat- 
ing to enhance the production of goat meat and milk 
through the use of native vegetation of semi-arid 
environments of Zacatecas, Mexico. 
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Research and Training Overview 

Introduction 
ICARDA serves the entire developing world for the 
inlprovement of barley, lentil and faba bean; and dry- 
area dcvcloping counuics fox the on-farm manage- 
ment of water, improvement of nutrition and produc- 
tivity of small ruminants (sheep and goats), and reha- 
bilitation and management of rangelands. In the 
Central and West Asia and North Africa (CWANA) 
region, ICARDA is rcsponsiblc for thc ilr~provemer~t 
of durum and brcad wheats (in collaboration with 
CIMMYT), chickpea (in collaboration with 
ICKISAT), pasture and forage lcgumcs, and farming 
systems; and for the protcction and enhancement of 
the nalural resource base or water, land, and biodivcr- 
sity. Much of ICAWA's research and training aclivi 
ties are carried out in collaboration with National 
Agricultural Research Systems (NARS). For certain 
spccialized areas of research, the Center has estab- 
lished linkages with several advanced institutions in 
industrialized and developing counties (see 
Appendix 7). The Center has identl+d seven integra- 
tive activities central to its current rpearch program. 
These are: agroecological charactenzation, 
germplasm conservation, germplasm enhancement. 
resource management and conservation, training and 
networking, information dissemination, and impact 
assessment and enhancement. Each activity is a mul- 
tidisciplinaql effort with wcll-defined objectives and 
program of work, designed to contribute to the 
Center's overail goal of achieving sustainable 
increases in crop and livestock productivity, while 
protecting the environment and atleviating poverty. 

At its headquarters at Tel Hadya, about 35 km 
southwest of Aleppo, Syria, ICARDA conducts 
research on a 948-ha farm. Within the CWANA 
region. it conducts research at collaborative sites 
with NARS in over 42 counlries that represent the 
various dry -area agroecologies covered by its man- 
date. 'l'he report that follows represents only a selec- 
lion of important results achieved in collaboration 
with NARS during the 1998/99 cropping scason. 
Progress in transfer of technology and strengthening 
partnerships with NARS is summarized under 
"International Cooperation" on pages 18-24. 

The Weather in CWANA in the 
1998199 Season 
Drought conditions prevailed across the entire 
Mediterranean rcgion during the 1998/99 growing 
season, except in Algeria and Tunisia in the west, and 
the western half of Turkey and Cyprus in the east. 
Precipitation was below normal in late spring, but 
enough for a record cereal harvest in Algeria and 
average yields in Tunisia. In Turkcy, good yields in 
the western half were offset by a poor, drought- 
stricken crop i n  the east. 

In Morocco, the drought was most pronounced 
during the autumn of 1998/99, leading to below-aver- 
age yields of cereals and other crops. In thc castcrn 
Mediterranean region, autumn and winter rainfall was 
below average from Sinai through Jordan, Palestine, 
and Syria to castcrn Turkey and Iraq; only the coastal 
strip of Syria and Lebanon was less affected. Tn 
February, the drought-stricken area expanded east- 
ward into the northern half of Iran, Afghanistan, and 
northern Pakistan. March and April brought relief to 
the western part of this zone, first to easteln Turkey 
and northern Syria (Fig. l), then to regions further 
south down to Jordan and Egypt, while the drought in 
the eastern part of the zone continued to expand and 
intensify. The lack of moisture, which was exacerbat- 
ed by above-nol-rnal temperatures during autumn, 
winter, and spring, increased evaporative demand and 
favored the development of pests. Worst affected by 
the drought were Iraq, Iran and Jordan; for Iraq this 
was the worst drought of the century. 

aan msx. temp. 
uerag. h P .  
HLan m h  temp. 

Fig. 1. The weather at Tel Hadya, ICARDA's main research 
statinn northern Svria durina 199819 
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Unusually warm temperatures in the Arabian 
I1eninsula, with few interrniss~ons, persisted into the 
autumn of I 999. Agricultural production, however, 
was not much affected and was near average across 
the Peninsula. On the other side of the Red Sea and 
the Gulf of Aden, the spring rains from March to 
May were average in northeastern Ethiopia and 
northern Somalia, but below average elsewhere. 
Worst affected were southern Somalia and thc adja- 
cenl areas of Ethiopia and Kenya, where spring rains 
failed completely. Summer rains from about June to 
October, which is the main rainy season in Ethiopia, 
Eritrea, and Sudan and the minor season in Somalia, 
were generally adequate to abundant, producing a 
good crop; the notable exceptions being once again 
Somalia and parts of eastcm Ethiopia. In contrast, 
heavy rains in August and Scpternber in central 
Sudan caused widespread flooding, reducing the out- 
put of irrigated areas. At the othcr end of the Sahelian 
zone, in Mauritania, although rainfall was late during 
the summer of 1999, it was abundant -- 

along the coast, but remained up to I 
50% below normal in inland areas. i 

In Ccntral Asia, growing conditions ! 
i were satisl'irctory to favorable i n  

Kazakstan, Kyrgyzstan, and 
Uzbekistan. The winter was rather mild 1 
and ~~recipitation was ample in the 
north and east; and around average . 

I 
elsewhere in this zone. Turkmenistan, i 
'Yajilustan, Azerbaijan, Armenia, and 
Georgia suffered to sorne extent from 
the same spring droughl that affected 
Iran and other countries further south. 

Agroecological 
Characterization 

Project partners include the National Meteorological 
Service (DMN). The goal of the Project is LO provide 
information that enables decision makers to enact 
policies that encourage sustainable and socially equi- 
table use of land, safeguard the productivity of natur- 
al resources, and increase the income of Lhe rural 
population. Farmers are also provided with informa- 
tion on appropriate crop and ].and management 
alternatives. 

One of the on-going activities of this Project is 
the analysis of the yield and production potential of 
cereals, and the impact of drought on cereal produc- 
tion. Maps of the country's main cereal production 
areas showing the yield potential as function of 
drought severity have been prepared. These maps 
also examined the gap between the potential and 
actual production levels. The potential yield of rain- 
fed durum wheat in a year characterized by condi- 
tions of moderate drought is shown in Fig. 2. 

The approach to the characterization of agricul- 

Cereal Production 
I 

I : potential yield ainfed durum whemcentral Mofi 
Potential of Morocco 

I tural environments underlying all analyses of the LSP 
ICARDA, in collaboration with the hzstitctt Nntio~znl 
de la Recherche Agt-onomiq~ie (INRA), Morocco-on 
behalf of the Moroccan Ministry of Agriculture, 
Rural Development and Marine Fishcr-ics-has svarted 
a Land Suitability Project (JSP) i x i  Morocco. Other 

has evolved in more than 10 years of collaboration 
between ICARDA, INRA, and DMN, starting in 
1989, with support from the International 
Development Research Ccntre (IDKC) for a Project 
on Agroecological Characterization. The key element 
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of the methodology is a stochastic climate model 
called Spatial Weather Generator (SWG) developed 
at ICARDA. In combination witt~ advanced spatial- 
ization techniques, it is used to create space-time 
models of climate: and in combination with suitable 
sirnulation models, it is used to create maps of static 
land properties of various weather-driven pher~ornena 
such as soil moisture availability or crop yields. The 
resulting rnaps are amenable to post-processing using 
a Geographic Information System (GIs). 

ICARDA's cor~tributions to the system used by 
the LSP include: SLGP, a rriodel to compute the 
available length of the growing period (1,CrP) as 
defined by the Food and Agricultural Organization of 
the United Nations (FAO); SIMTAG, a simulation 
model of wheat; VIFOR, a simulation model of faba 
bean with or without infestation 
by the parasitic weed broomrape, 
and MULTISIM, a tool to quantify 
the gap between potential crop 
yields and those actually achieved 
by farmers. Other activities 
include developing software for 
qualitative land suitability evalua- 
tion for crops based on the FA0 
approach and for computing a 
drought index based on the Palmer 
Drought Severity Index (PDSI). A 
space-time model, which has been 
used LO study the production 
potential of cereals in Central 
Morocco, is available. Anorher 
model of the climate of the entire 
country is being developed jointly 
by ICARDA, DMN, and INRA. It 
will permit to expand the analysis 
of the cereal production potential 

study, which covers agricultural climates, soils, 
topography, and land-cover, involves compiling and 
adapting public-domain spatial datasets for the 
CWANA region. 'l'he integration of these datasets is 
implemented through a GIs project, using Arcview 
software. 

Spatial datasets currently incorporated into the 
CWANA GJS include altitude. slopes, agroclin~atic 
zones, major soil types, land cover, and climate sta- 
tions. The layers of altitude and slopes have been 
obtained from the United States Geological Survey 
(USGS) global digital elevation model wilh 1 km (30 
arc-second) resolution GTOP030. An extract of the 
agrocli~natic zones layer for the IIorn of Africa is 
shown in Fig. 3. 

For the land-cover theme, global or regional land- 

to the remaining parts of the coun- I 
try and be used in the analysis of t h e n  cover datasets were cons~dere msuft~clently accu- 
potential for food legumes and other crops. 

C WANA Agroecology Project 
A study of the agricultural ecology of Ihc whole 
ICARDA mandate region, that is. Central and West 
Asia and Noah Africa (CWANA) and the Horn of 
Africa (Ethiopia, Somalia) has been started. Thc 

rate. For this reason, a new land-cover layer fi-om 
four arc-minute Advanced Ve~y High Resolution 
liadiometer Normalized Difference Vegetation Index 
(AVHRK NDVI) data, using a new methodology, was 
developed. 

The methodology for land-cover classificalion 1s 

built on the recognition that in a large a.rea like 
CWANA, with many different climatic domains, it is 
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not possible to adopt a single set of 
NDVI thresholds for different land- 
cover types. The current method relics 
on linking caretulIy selected NDVI 
indicators with climate and land-use 
information. 

Through this approach it was pos- 
sible to identify, with a high degree of 
accuracy, 11 land-cover types. A sarn- 
ple of the classification for the Horn 
of Africa is shown in Fig. 4. The dis- 
Lribution of the major land-cover 
classes in CWANA, which demon- 
strates the dominance of barren or 
other sparsely vegetated areas, is 
shown in Fig. 5. 

As part of the CWANA 
Agroecology Project, a small dataset 
consisting of average climatic data for 
1200 stations distributed throughout 
the CWANA region has been extract- 

Barrenlspa~ely vegetated 52.0% 
GrasslaWopen shrmands 24.0% 
Rainfed cropland 8.0% 
Irrigated cmphd 8.0% 
Woodland savannah 5.0% 
Forests 3.0% 
Inland wA- 2.0% 

t-13. J. n ~ l a r r v 9  irnCIul tal IW UI u~~rerent la1 IU-~,VVWI ~ a a a m a  

in CWANA. 

ed from ICARDA's meteorological database 
(METDR). Potential evapotranspiration data, which 
were not available for Central Asia, were generated 
for 350 stations on the basis of statistical relation- 
ships established for different agroclimatic regions. 
This rnini-database was then converted into an Excel 
spreadsheet which allows users easy access to indi- 

vidual station data and visualization of derived agro- 
climatic information such as climate charts, heat unit, 
water balance, and growing period sumrrlaries (Fig. 6). 

- 
ig. 6. CWANA meteorological database: station-specil 
.f derived agroclimatic information (example of Khost, 
,fghanistan) 



New Land-Use Map of Syria 
The draft land-use map produced in 1998 has been 
substantially revised. The revised map, to be pub- 
lished in 2000, is a vital input for farming systems 
research, hydrological modeling, land-use planning, 
and cnvironmcntal monitoring in Syria. The map is 
based on the Syria Space Atlas, published by the 
General Organization of Remote Sensing (GORS) in 
Damascus, which contains a georeferenced mosaic of 
Landsat TM images, representing the late summcr 
land-cover situation of 1990. 

The classification used for the map incorporates 
elements of land cover as well as land use. The mau 

'-I Bare areas with or without sparse cover 51 5% 
Cultivated areas 34.2% mangelands 9.4% 
Forests and other wooded Urbanized areas 0.5% 
areas 3.2% 'ater bodies 1.2% 

4 

compilation was essentially a GIs exercise, based on 
visual interpretation of observed features rather than 
supervised classification using image analysis soft- 'l'he imagery also provides evidence that perenni- 

ware and digital imagery. Whcrcas Lhe 1998 draft al grasses have disappeared almost cntircly, except in 

map had 25 hornogcneous land-usefland-cover cate- some depression areas, where their presence may be 

gories, the new version has 24 homoge- linked with saline conditions. Whatever the 

neous and 43 mixed categories. 
Homogeneous units can be considcred rela- 
tively pure (80-90%), whcrcas mixed units 
are con~plcxcs of homogeneous units. 

Land-Cover Patterns 
One-third of agriculture in Syria 1s under 
rainfed systems. Considering the semi-arid 
and arid conditions in the country, this is a 
very high proportion of agriculture to the 
total land area. Of the cultivated area, 
about 11.500 km7 is irrigated. 

Striking is also the very limited extent 
of forested or wooded areas (about 3%). , 
According to the satellite images, range- I 
lands occupy only about 10% of the coun- 
try. This is a major under-representation of the land 
that is being used for grazing. Many areas classified 
as "bare land" are in fact grazed, parlicularly in win- 
ter and spring (Fig. 7). 

The imagery shows a clear vegetation degradation in 
the coastal mountains (Fig. 8). This is obvious from 
the intertwining of original forest vegetation and 
mosaics of agricultural areas mixed with degraded 
forms of the original forest vegetation. 

winter/spring conditions for range, the rangelands are 
largely composed of annual grasses. This is a form of 
degradation caused by overgr~~ing.  

Wind erosion is evidenced by the presence of 
widespread sand sheets in the arid interior, particular- 
ly around the eastward extension of the Palmyrenian 
range, where it covers a combined maximal width of 
80 km. This form of wind erosion can occur rapidly 
and is probably linked to the absence of perennials in 
the stcppc. 

Water erosion of a geological nature is obvious, 
particularly in the bare areas around the Euphrates 
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. . 
Valley (mapping unit Be in Fig. 8) ,  and is entirely 
natural even in the arid interior which is criss-crossed 
by large wadi systems and other seasonal drainage 
lines. Large areas affected by accelerated water ero- 

I 
sion can bc observed in the south and southwest of 
Jebel Bishri. Gully patterns that extend over the fm 
blocks indicate that after the farms were abandoned, 
accclerated erosion took place. 

Man-induced salinization cannot be observed 
directly on the imagery but is inferred from anom- 
alies in the land-use pattern. Large areas in the 
Euphrates Valley, especially in the south of Deir-ez- 
Zor, arc bare while the canal infrastructure and field 
pattern typical of an intensive irrigation system, and 
shortage of suitable land can be clearly seen. Bare 
patches arc too concentrated and too ragged at the 
edgcs to be fallow land. Field observations confirm 
that they represent salinized land. 

Germplasm Conservation 
Collection Mission in Turkmenistan 
In June 1999, a pLant collection mission in central 
southern Turkmenistan (Fig. 9) was undertaken by 
ICARDA in collaboration with the Center for 

Legumes in Mediterranean Agriculture (CLIMA) and 
the Turkmenistan National Institute of Deserts, Flora 
and Fauna, as part of a project supportcd by the 
Australian Center for International Agricultural 
Research (ACIAR). A total of 121 acccssions were 
collected from 32 sites. Thesc accessions represent 44 
species including cereal wild relatives, a variety of 
rangeland species, and various fodder legumes ('Table 
1). Aegilops kotsclzyyi, a drought- and salinity-tolerant 
species was the most frequent wheat wild relative (1 1 
accessions); and Hordeurn spontaneurn, the wild 
progenitor of barley, was also common (12 acces- 
sions). The diversity of rangeland species collected 



may be valuable for research related to the rehabilita- 
tion of the extensive rangeland areas of Turkmenistan 
and other Central Asian countries. 

Database of Uzbekistan's Plant 
Genetic Resources 

The Uzbek Research Institute of Plant Industries 
(UzRIPI), Tashkcnt, maintajns a large collection of 
plant genetic resources. Thc Institute was organized 
under the leadership of N.I. Vavilov in 1924. Through 
numerous collection expeditions in Central Asia, and 
active germplasm exchange program, UzRIPI has 
built up a world collection of over 50,000 accessions 
of cultivars, Iandraces, and wild relatives. 
Computerizing the documentation of [his colleclion 
and establishing a database wcrc initiated three years 
ago. ICARDA has collaborated in this effort by con- 
tributing both to infrastructure development and 
research program implementation. In addition to 
installing personal computers. the Center helped 
UzRIPT. to develop a scheme for the database of 
germplasm collections, organizc the data-entry 
process, and manage the database. Apart from panici- 
pation of UzRIPI scientists in ICARDA/IPGRI 
group-training courses, individual training in 
gemplasm documentation was also part of the col- 
laboration. In 1999, the Head of the Information 
Dcpartmcnt of UzKIPI vlsited ZCAWA for three 
months to study database management technology 
and lo apply it to the Uzbek system. An important 
coniponent of h i s  work was the linkage with genetic 
resources database of VIR (N.I. Vavilov All-Russian 
Scientific Research Institute of Plant Genetic 
Resources). The UzRIPI database is now up and run- 
ning and able to "talk" to systems at ICARDA and 
VIK. This will facilitate future collaboration in the 
conservation and use of genetic resources with VIR. 

Study of Diversity in Barley 
Landraces 

A set of 30 barley landrace accessions originating 
from different regions of Ethiopia, Eritrea, and 
Yemen was studied using randomly amplified poly- 
morphic DNA (RAPD) analysis. Nei's distance 

results of thc matrix were subjected to cluster analy- 
sis. Seven cluslers defined seven different groups at 
an arbitrary genetic distance 0.2 (Fig. 10). The first 
clustcr contains mainly the six-row hulled barley col- 
lected in the transect from the center (Ars, Har, She3, 
She4, 6h) to the north of Ethiopia ('I'ig5, Tig6,6h). 
The second cluster includes the two-row hulled bar- 
ley from GamoGofa, Ethiopia. The third group, 
which is more heterogeneous than the first two, 
includes two-row naked, deficient, and irregular 
hulled barley mostly from Eritrea and Tigray. It also 
includes landraces collected in Ethiopia. The fourth 
group is more diverse because it includes two-row, 
six-row, and irregular barley types from the north of 
Ethiopia. The last three groups include the irregular, 
deficient, two-row barley. The means of Nei's dis- 
tance ranged from 0.00 (from Arsi landrace) to 0.60 
(between Shewa 2, 2n and Tigray 5, 6h). 

Based on the analysis of molecular variance 
(AMOVA), different populations from Ethiopia 
showed the highest within-population diversity. The 
variance within population was 38% of the total vari- 
ation. Accessions Gojam, Kefa, Welega, Shewa 2 
from the central west region; Tigray 3 and 6, and 
Welo from the northeast of Bthiopia, and Eritrea 7 
had the highest sum of squares, that is, highest diver- 
sity. Landraces from Arsi, Bale, Harerge, Shewa 3, 
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Sidamo 1 and 2, Tigray 1 and 4. and Eritrea 2 ,4  and 
5 prescnted an intermediate within-population diver- 
sity. The remaining 10 accessions showed low with- 
in-popuIation diversity, with the Yemen accession 
being the lowest. 'This new knowledge of the genetic 
divcrsity pattern w ~ l l  help in developing an optimal 
genetic resources conservation (both ex sitrr and in 
srtu) strategy. It will also facilitate thc rational utiliza- 
tion of indigenous germplasm in barley improvement 
programs for East Africa and elswhere. 

Diversity in Wild Wheat in Lebanon 
A study of the genetic diversity in wild wheats 
(lkiticunz umrtLi and Triticiim t ~ t  rgiclun? subsp, dicoc- 
coides) collected from 14 natural populations in 
Lebanon was carried out using RAPD and amplified 
fragrnent length polymorphism (AFLP) techniques. 
For RAPD analysis: four primers were chosen for 
DNA amplification. In total, 44 and 3 1 polymorphic 
fragments were identified for T urarlu and T 
turgidurn subsp. dicoccoides, respectively. Genetic 
diversity among and within populations was assessed 
by AMOVA and from dendrograms based 0x1 the 
Jaccard similarity index matrix using the unweightcd 
pair group arithmetic average (UPGMA) method. 
This helped in assessing the geographical dimensions 
and evolutionary patterns of the wild wheat genetic 
diversity. AFLP analysis has also been carried out to 
compare the same populations. Differences between 
similarity matrices generated from the RAPD and 
AFIP analyses were significant in T t~irgid~inz subsp. 
dicoccoides. This information on the genetic diversity 
of wild wheat populations in Lebanon will be useful 
for optimizing the future collectior~ and in situ con- 
servation strategy. 

Characterization of Chickpea Using 
Microsatellite Markers 

To initiate the characterization of ICARDA's chick- 
pea core collection, 484 accessions collected from 27 
countries were analyzed with single tagged 
rnicrosatellite (STMS) markers. Several types of mol- 
ecular markers have been widely used in thc cstima- 
tion of genctic diversity. Techniques such as RFLP, 

RAPD, AFLP, and STMS werc used for the testing. 
However, the level of variability detected was very 
low in all techniques except in STMS. Cknerally, 
STMS are single-locus co-dominant markers, derivcd 
from small, repetitive elements called microsatellites. 
The mutatjon rate of the microsatellites is high and 
accounts for the high polymorphic sequences. 'The 
surrounding single-copy sequences are normally not 
affected, and they are used as primers to amplify the 
concerned microsatellites. Length differences of 
amplification products, normally caused by variable 
number of tandem repeats (VNTR), a e  then detected 
by electrophoresis on po!yacrylamjde gels. Efforts to 
improve chickpea by marker-assisted breeding have 
led to generating more than 150 STMS markers that 
were used for constructing a genomic map of chick- 
pea and for the biodiversity study. Eight STMS loci, 
represented by eight primer pairs, were analyzed in 
Lhc core collection. These loci were very variable, 
and so was the number of alleles per locus. 

Only results concerning the locus TS45 are pre- 
sented here. Thirteen alleles were detected for this 
locus (Fig. 1 I),  some of them were frequent (e.g., 
alleles 8, 9, LO) while others were rare (e.g., alleles 1, 
2, 13). The level of genetic vanability represented by 
the number of detccted alleles varied according to the 
country. The low number of alleles rcflects the high 
level of similarity between accessions and the high 
number of replicated accessions (30 accessions have 
the allele 10). These results should be cornpared with 
those of other primers to determine if those acccs- 
sions are identical or different. If the same accessions 
give the same results with other primers, then the 
number of such accessions in the chickpea core col- 
lection should be reduced. 

Fig. 11. Number of alleles detected for the locus TS45 and 
"? frequency -' -8ach allele in chickpea. 1 
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Fostering Linkages with VIR 
During the 19981 1999 season, 400 lentil, 500 pea, 
399 faba bean, 299 chickpea, and 207 barlcy acces- 
sions from the N. I. Vavilov AlI-Russian Scientific 
Research Institute of Plant Genetic Resources (VJR) 
collectioil were grown at ICARDA for safety duplica- 
tion and evaluation. This germplasm represents an 
important addition to the ICAKDA collec- - - - 

promoting irz situ conservation, and sustainable use of 
the diversity of target crops and their wild relatives. 

Five types of survey formats were developed: (i) 
a site selection format; (ii) chaacterization of moni- 
toring sites; (iii) a socioeconomic survey of cultivated 
crops, and a rapid rural appraisal of local knowledge 
related to biodiversity; and (iv) a survey of wild 
relatives. 

-. -- -~ 

tion because many of these accessions are 
rare, old landraces originating from coun- 
tries of the former Soviet Union. A legume 
scientist, Dr I.,arissa Prilyouk, and a cereal 
scientist, Dr Olga Kovaleva, from VIR vis- 
ited ICARDA to evaluate the donated 
material. They also had the opportunity to 
learn new computer skills that will help 
them in their work at VIR. 

ICARDA has also been collaborating 
with VIR's Documentation Departrncnt. 
Reciprocal visits by documentation pcrson- 
nel have facilitated the exchange of ideas 
and approaches to database management. 
Ms Irina Abramova, a database program- 
mer a1 VIR, visited ICARDA in Decernber 
1999 to study ICARDA's documentation 
system. She also discussed aspects of the 

I 
VIK database development and that of a researchers and the Lebanese ~a r~ona l  Project Team members 

documentation system being constructed, a site for conservation of dryland biodiversity m Baalbek area, 

in collaboration with ICARDA at IJzRIPI. - -  - -  - -- - --- - 

Two target areas are chosen in each of the partici- 

GEFNNDP Project on Conservation ting countries: Ajloun and Mowaqqar in Jordan; 
I and Baalbeck in X,ebanon; Al.Haffc and 

and Sustainable Use of Dryland Sweida in Syria; and Jennin and Hebron in the 
Agrobiodiversity Palestinian Authorily. More than 20 sites and 40 

monitoring areas have been selected in these eight 
The implementation of the Project on "Conservation target areas of the project. The project areas and sites 
and Sustainable Use of Dryland Agrobiodiv w important differences in climatic conditions, 
Jordan, Lebanon, Palestine and Syria, supported by soil, and vegetative cover and are representative of 
the Global Environment Facility of the United different ecosystems and farming systems prevailing 
Nations Development Programme (GEFIUNDP), in  the dry areas. The vegetation at the sites is highly 
started in June 1999 following the stakehol raded due mainly to overgrazing and habitat 
ing at ICARDA headquarters. The First Regional destruction. The monitoring arcas were selectcd to 
Technical and Planning Meeting was held in July include samples of landraces and wild relatives of 
1999 in Amman, where country representatives and barley, wheat, len~il, ve~ch, lathyrus, medics, trifoli- 
international experts discussed methodologies for urn; of fruit trees (almond, olive. pistachio, plum, 
assessing the causes of genetic erosion, str , chemies, apricot and figs), and of onion. 
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The characterization of the prolect areas and sites 
requires multi-scale datasets. These datasets should 
provide climatic, topographic, soils, and land- 
coverlland-use information. This information will be 
linked with the distribution of the target species to 
assess the changes in biodiversity. 

The project activities are conducted by the 
National Project Components with technical back- 
slopping from ICARDA, IPGRI and ACSAD scjen- 
tists. 

Other activities conductcd under the regional 
component executed by ICARDA included: 

Preparations for two regional courses, one on 
"Water and Soil Management" and the other on 
"Eco .geographic and Botanical Survey" to be 
held at TCARDA durrng January and February 
2000, respectively. 
Preparations to launch a project web site in 2000. 
Contribution to Syrian national meetings on the 
development of a natronal strategy and a work- 
plan for the conservation of biodiversity. 
Participation in the UNESCOfALECSO (Arab 
League for Education, Culture and Science 
Organi~ation) "Regional Workshop on Enhancing 
Capacity Building for the Conservation of 
Biodiversity in the Arab Region m 
Using Biosphere Concept and 
Sites" and "Secund Regional 
Meeting of the Coordinating 
Council of the Arab MAR (Man 

l and Biosphere) Network and pre- , 
sentation of a paper on 
"Commuxlity based in situ conser- 
vation of biodiversity in the 
WANA region." The Palestinian 
Project Coordinator and Manager 
also attended this meeting. 
Visits to attend the National 
Steering Committee meetings and 
to discuss the implementation uf I 
the project activities in Jordan, 
Lebanon, and Syria. 
A consultative meeting bctwcen 
ICARDA, IPGRI, and ACSAD was 
held to discuss the implementation 
of the regional activities rclatcd to 
wchnical backstopping and training. 

Germplasm Enhancement 
Drought Tolerance in Barley 

During 1999, the total rainfall in Breda (197 rnm), 
Syria. was well below the long-term average (258 
mm). Rainfall started in the middle of November, and 
reached only 63 mm by the end of December (about 
30 mrn less than long-term average). Eventually, the 
crop suffered a period of drought which lasted nearly 
40 days, from the beginning of February to mid- 
March, receiving only 4 mm. At this time, with only 
113 mrn of rainfall, a number of barley lines, which 
were already heading, did not show any symptom of 
drought stress such as wilting, leaf rolling, or leaf 
senescence. 

The drought tolerance was scored visually (Fig. 
11) on a 1 (tolerant) to 5 (susceptible) scalc. Mosl of 
the highly tolerant lines were early, but not all the 
early lines were drought tolerant. This indicates that 
lines such as 'Sara' and 'Zanbaka'/ Hordeutn spontrr- 
nestnz rnay have a combination of escape and resis- 
tance mechanisms. Figure 11 also shows the heading 
date of some of the known barley varieties. 
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'!g. 24: Relqthship between the score for drought toler- 
nw and eqrlliness in nearly 200 barley lines. Most 
r~irgIft-blwant lines wre also early (bottom left quad- 
&nQ but hat ail early lines were drought tolerant (left 
pper q.mdr@nt). 

Many of the lines that p e r f m d  well with 113 
mm rainfall did not take much advantage of the sub- 
sequent rains: the most notable exception was a line 
derived from the cross bctween 'Zanbaka' and H. 
spontnneum which was top yielding at Breda with 
nearly 1.5 tlha of grain and a yield advantage of 9% 
over 'Arta,' 4.0% over 'Sara,' 'Zanbaka,' and 
'Tadmor,' and 50% over modem cultivars such as 
'Harmal' and WI229 1. The performance of this line 
in Breda, and of some of the most drought-tolerant 
material developed in the past, is shown in Fig. 12. 
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ig. 12. Grain yield (kgtha) and 1000-kernel weight (g) 
new drought-tolerant line (a cross between 'Zanbaka 

nd H. spontaneum) compared with the best barley li 
vailable for the dry continental areas of the Near Ea 

Drought tolerance results were confirmed in a 
farmer's field in the Raqqa province in  Syria, where 
the rainfall was only 187 mrn rainfall, with its clistrib- 
ution similar to that in Breda, and where a total of 
117 lines (including a check) were tested. 111 this 
location, the crop was at the limits of survival with 
an average grain yield of 365 kgha and an average 
blomass yield of 1536 kgha. Seventeen lines failed 
to produce any grain. The maximum grain yield 
(between 670 and 7.50 kgha) was obtained with three 
llnes: WI 2291/Tadrnor, 'Sara', and 'Zanbaka'lH. 
spontaneunz. This represented an increase of up to 
35% over 'Zanbaka'-a barley 11ne adopted by some 
farmers, and 23% over 'Arta.' 

The yield advantages obtained in the severe 
drought conditions of 1999 confirmed the benefits of 
using locally adapted landraces and wild barley in 
breeding for stress environments. 

Diversity in Barley Landraces 

Thc Near East region is recognized as a center of 
genetic diversity and one of the three nuclear centers 
of agricultural origin. This area corresponds geo- 
graphically to a region which extends from Palcstine 
through Syria, southern Turkey into Iraq, and western 
Iran. 

Tt is estimated chat 38% of the world's food is 
provided by crops which originated in the semi-arid 
regions of the Near East. It is now widely recognized 
that wild progenitors, wild relat~vcs, and landraces of 
these crops are still available in this rcgion, and offer 
a rich reservoir of genes for adaptation and survival 
in harsh environments. 

ICAKDA maintains a collection of about 6000 
pure lines derived from Syrian and Jordanian barley 
landraces. 

To describe the population structure of these lan- 
draces from a morphological, agronomic, and molec- 
ular standpoinl, 500 barley lines were used, of whch 
480 had been derived from landraces collected from 
four to five sites in each of five geographic regions 
(Fig. 13). 

These regions represent the south, the center 
west, the northeast, and the central stcppe of Syria, 
and the south and north of Jordan, which are the 
main barley-growing arcas of these countries. Each 
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collection site was represented by ZU pure lines. each 
derived from a single head of the original collection. 
In addition, 10 modern varieties developed for favor- 
abIe conditions, and 10 lines developed for specific 
adaptation to the harsh environments of the Near East 
were included. The trial was planted for two consecu- 
tive seasons. both at Tel Hadya and Breda in Syria. 

A large vaiation for rnost of the recorded charac- 
ters was observed between regions, between sites 
within regions, and between lines within sites. 

Lines originating from northeast Syria were the 
most prostrate, the poorest in vigor in the early stages 
of growth, and the most cold tolerant. Lines collected 
from Jordan had an erect growth habit, and were 
vigorous in the early stages, and the most cold 
susceptible. 

Lines from Jordan and south Syria were on aver- 
age 3-5 days earlier in heading than those from west, 
central, and northeast Syria. Lines from northeast 
Syria were the tallest and the lowest yielding, while 

, Stefania Grando (left), ICARDA Barley Breeder, and Mr 
trket Tekle, an Eritrean scientist, examine variability in 
~rley lines extracted from Syrian landraces, and grown at 
eda, Syria, 1998199. The work reported hare is based 
I Mr Tekle's field work at ICARDA, camed out as part of 
s M.Sc, thesis accepted for the award of the degree by 
3 University of Copenhagen, Denmark. 

lines from west Syria were the shortest and the high- 
est yielding at Tel Hadya. At Breda, lines originating 
from north Jordan and south Syria yielded more than 
lines from other regions. 

The information on variability of landraces gener- 
ated by this study will be used to construct mixtures 
with various degrees of heterogeneity, which will 
provide a model of utilizing agricultural biodiversity. 
These models can be used for other crops andlor 
countries, and will help in formulating collection 
strategies. 

Osmotic Adjustment in Barley 
Osmotic adjustment (OA) is recognized in several 
crop plants as an effective component of drought 
resistance. Osmotic adjustment results froin the 
active accumulation of solutes within cells, which 
lowers the osmotic potential (OP) beyond the Level 
dictated by mere "concentration effect" of tissue 
water loss on OP. Osmotic adjustment helps maintain 
turgor of both shoots and roots as plants experience 
water deficit. This allows turgor-driven processes 
such as stomata1 opening, ccll enlargement, and 
expansion growth to continue, though at reduced 
rates, to progressively lower leaf water potentials 
(LWP). Growth and yield under limited-water condi- 



tions can be improved by selecting lines with higher 
levels of OA in wheat, sorghum, and barley. 

Studies were carried out to determine the rnagni- 
tude of OA capacity in barley genotypes and to sec if 
there was any difference in OA among the genotypes. 
The information will be used to select populations for 
tagging QT1,s (Quantitative Trait Loci)/genes associ- 
ated with osmotic adjustment and drought tolerance 
in barley. 

Thc OA capacity of the tested genotypes is pre- 
sented i n  Fig. 14. Variation in OA capacity for these 
genotypes ranged from 0.27 MPa to 1.06 MI'a. 
Although only 1 1 genotypes were evaluated in this 
experiment, the magnitude of OA in then1 was larger 
than that found in previous studies (-0.17 to 0.46 
MPa), suggesting that the ICARDA genotypes are 
very diverse in OA capacity. 

Fig. 14. Osmotic adjustment in 11 barley genotypes as 
evaluated in the spring of 1999 at T 
USA. The bars with common letters 
level of 5% (LSD at 5% = 0.39 M 

Quantitative Trait Loci for Disease 
Resistance and Agronomic Tkaits in 
Barley 
The success of breeding barley for yield stability in 
stressful environments has been Iimited because of 
the high variability in the timing, duration, and sever- 
ity of a number of climatic stresses. In northwest 
Syria, the most important abiotic stresses affecting 
rainfed crops, such as barley, are low temperatures in 
winter and terminal drought and heat . 

ond QTI, (RL-2) was found on 4Hd, explaining 3 -4% 
of the phenotypic variation. In the case of powdery 
mildew, one QTL (PI - 1) was identified and localized 
on chromosome [Ha, explaining 22.6% of the pheno- 
typic variation. Both alleles from 'Sel 160' resulted in 
26% less powdery mildew infection than the lines 
with two alleles from 'Tadrnor.' This QTL was also 
found in the analysis of the data of thc second pow- 
dery mildew scoring (P2-I), which explained 18.1 % 
of the phenotypic variance. For this second scoring, 
another QTL was localized on 2Hb (P2.2) explaining 

.- 
'J 

in spring. A number of biotic stresses 
such as the foliar diseases, powdery 
mildew, and scald also limit yields. 

A popnlation of 245 lines (I;,) 
recombinant inbred from the cross 
"kdmor' and 'Scl 160' was mapped 
using KFLP, RAPD, and microsatel- 
lite markers (Fig. 15). An 882 cM 
linkage map consisting of 15 individ- 
ual linkage groups was constructed. 
With this linkage map, quantitative 
trait loci (QTL) analysis was per- 
formed for a number of agronomic, 
physiologjcal, disease resistance, anr 
straw quality traits. 

A major QTI, (W- 1) for scald 
was identified and localized on chro- 
mosome 4Hc, explaining about half 
of the phenotypic variation, and a scc 
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=ig. 15. Molecular map of barley constructed with 245 lines (RIL) from the cross 
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4.6% of the phenotypic variance; both QTLs 
explained 18.4% of the phenotypic variance. In this 
case, the Iines with the "J'admor' allele were more 
resistant. 

A number of QTLs related to yield under stress 
conditions clustered on chromosome 5H such as 
QTLs for days to heading (DH-1 on chromosome 
5Ha, which explained 4.5% of the phenotypic varia- 
tion), cold damage (CDI on chromosome 5Ha and 
CD-2 on chromosome 5Hb, explaining together 
32.5% of the phenotypic variance and 37.5% of the 
genetic variance), growth habit (GH-1 localized on 
chromosome SHb, explaining 6.8% of the phenotypic 
variation), and early growth vigor (GV-I on chromo- 
some 2Hb, GV-2 on chromosome 3Hb, and GV-3 on 
cht.ornosome SHb, explaining together 12.4% of the 
phenotypic variation). All three QTLs for grain yield 
(defined as average grain yield across locations and 
years) wcre also localized on chrornosome 5H, one 
on 5Ha (GY-I) and two on 5Hb (GY-2 and GY-3). 
?'he three QTLs explained 23.3% of the phenotypic 
variation and 70.0% of the genetic variation. The 
group with the highest grain yield has Tadmor-dlcles 
on GY-1 and GY-2 and Sel 161)-alleles on GY-3, arld 
it outyields the best parental combination with 
Tadmor-alleles on all QYLs. 

A QTL for plant height was iocated on chromo- 
some 3Hb, in the vicinity of the location of the denso 
gcne. 

A QTL for lodging (L1- 1 ) was localized on 4Hd 
and explained 4.3% of the phenotypic variance. The 
QTL showed a highly significant QTL - environment 
effect and the lines with both alleles from 'Sel 160' 
were more lodging-resistant than the one with the 
'Tadrnor' alleles. 

Two QT1,s were detected fur leaf color, one on 
3Hb (LB- I)  and one on 4Hd (LE-2). The effect csf 
both QTLs was similar. The 'Sel. 160' alleles caused 
darker color. LE-1 and 1,E-2 together explained 14 % 
of thc phenotypic variance. 

Three QTLs for awn roughness (AK- 1, localized 
on IHb, AR. 2 localized on 5Hb, and AK-3 localized 
on 7H) together explained 40% of the phenotypic 
variance. Only for AR-1, "Igdmor' contributed the 
allele with high roughness, while for the othcr two 
QTLs the alleles from 'Sel 160' showed a higher 
roughness. 

The clustering of QTLs related to the cxpression 
of yield in marginal environment (DH-1, GY-1 and 
CD-1 in the interval Op-M14a-MWG54-MWG522 
on chromosome 5Ha and CD-2, GY-2 and GV. 3 in 
the interval HVDHN7-HVDHN9 on chromosome 
5Hb) was one of ihe niost interesting findings of this 
study. 'I'he two QTLs for grain yield and days to 
heading and the QTL for cold tolerance originate 
from 'Tadmor,' while the QTL for early growth vigor 
only originates from 'Sel 160.' A QTI, for growth 
habit, originating from 'Tadrnor,' is also located on 
chromosome 5Hb in the interval MWG533 
BMWG569. Additionally, one of the threc QTLs for 
awn roughness (AR-2), which maps in the same 
regiori as the roughness gene R or rnwl, is also local.- 
ized on chromosome 5Hb. The rclatively high corre- 
lation between grain yield and awn roughness (-0.28) 
could be due to the reduced evaporation associated 
with awn roughness. 

All these traits, which appear to be concentrated 
in a relatively restricted chromosomal region, are 
those which, in the past studies, were found to be 
associated with the consistenlly good performance of 
landraccs in the Syrian type of stress environments. It 
is also interesting to note the close association of 
these traits with the dehydrin genes on chromosome 
5Ha. 

These results could partly explain why genotypes 
with "lgdrnor' as a common parent have a higher 
yield under stress than the population mean. The use 
of molecular markcrs associated with the three QTLs 
for grain yield on chromosome 514, together with the 
markers for quantitative resistance to powdery 
mildew on chromosome 1 H and to Rhynclzosporium 
on chromosome 4H, can considerably improve the 
efficiency of selecting barley genotypes with com- 
bined tolerance to abiotic and biotic stresses. 

Multiple Disease Resistance in Barley 
In the major barley-growing areas o i  the CWANA 
region, foliar and seed-borne diseases are wide- 
spread. Scald, net blotch, powdery mildew, and leaf 
rust are common in many countries of this region. 
Seed-borne diseases suc:h as barley stripe and smuts 
are also very common. 

At ICARDA, screening for a broad spectrum of 
disease resistance has been under way. Barley breed- 
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iilg nurseries that are grown by NARS collaborators 
were evaluated against five to seven barley diseases 
(Table 3). Fixed barley genotypes within the 
advanced brceding nurseries were tested for combina- 
tioris of fnliar and seed-borne diseases. 

No, of Diseases 

255 s d ,  wit net@&, pow* Iniidew, 
stripe+ leaf rust, loose smut, 

, F O W ~ B ~  Wt 
Wd, p d q  mildew, M e y  
stripe, loose s m ~ ,  c o v d  mu' 
scaM, pawday dl$ewr, barley 
atripe, loose smut, covered mu 

' B E ~ ~ L  powdery mildew, brilrfay 
s%ipa, Iome P r n ,  cowehed smut 
neb kd@& kd N& if,dd, P Q ~ ~ P Y  

. .. i.i?5&3 
'" I ,. %:):,,>,?& c +.>*+<-. 

The distribution of resistant lines in the barley- 
breeding nurseries grown in the WANA rcgion is 
shown in Table 4. The Preliminary Disease 
Germplasm (PDG) 99 nursery showed an improved 
level of resistance to at least ttme diseases in 
WANA. The highest levels of resistance to three dis- 
eases were also recorded in PDG 98 and Advanced 
Disease Germplasm (ADG) 98 nurseries, whereas a 
high level of resistance to five diseases was recorded 
in ADG 99 (Fig.16). The available resistance sources 
lo specific diseases were selected in PDG 99 nursery 
(Pig. 17). Complctc resjstance to all diseases was rela- 
tively low as compucd to resistance to individual 
disease (Table 4). 

Among the material tested in t h s  study, 10 fixed 
progenies (in ADG 99 nursery) were identified as 

Table 4. Barley Unes that shmed multiple disease resistance 
'1 five selected barley breedfRg nurseries at ICARDA. 

' m k s  No. of Redsstant Resistant Resistant 
diseases' to seven to ihree to one 

resistant to seven diseases (Tables 4 and 5) and 48 
progen~es and fixed lines as resistant to five diseases. 

-- -- - - 
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Fig. 17. Available resist,, soums in PBG 99 nurse,, 
tested at ICARDA. 
R-MR = ResistantlModerately resistant. 
%MT ?usceptiblelModeratel sceptible 

Table 5. Barley genotypes resistant to seven bazarley diseases1# -. -- -- -- . 
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Sunn Pest Control with 
Fungal Isolates 
Sunn pest (Eurygnster integriceps Puton) is one of 
the most damaging pests of wheat and baley in West 
Asia. Annual yield loss is estimated at 20-30% in 
barley and 50-90% in wheat. Efforts are under way at 
TCAKDA to develop an integrated pest management 
package, based on entomopathogenic fungi, to 
replace the existing chemical control methods estj- 
mated to cost over US$42 million annually in West 
Asia. 

Twenty-eight fungal isolates recovered from the 
collections in Syria and Turkey were tested against 
field-collected Sunn pest adults. The fungal dosage 
used was 5 ' 1 O7 spores/ml. There were 20 Sunn pest 
adults per test, five in each of the four bioassay con- 
tainers. The adults were immersed in fungal suspen- 
sion for five seconds. Mortality reading was taken 12 
days after treatment. TWO bioassays per strain were 
conducted. 

The mortality ranged from 30 to 100% among Lhe 
28 test strains. Four isolates of the fungus Beauveria 
bassiana and one of Paecilomnyces farinosus gave a 
high mortality (>95%), which was 10% higher than 
that of a commercial strain of Beauveria bnssiann 
used as check. These five isulates will be tested 
further. 

Evidence of Slow Rusting in 
Winter Wheat 

on the affected leaves. The affected area was there- 
fore nil or very small throughout the season. Entries 
in this group (e.g., the Turlush cultivar 'Sultan') were 
classified as resistant. 

The other extreme group, G4, included typically 
susceptible entries. Startup sporulation occurred 
about five days earlier than in other groups, and Ieaf 
coverage by the disease progressed rapidly, reaching 
80% or more by heading, and 90-100% by flowering. 
Examples of G4 entries are the Turkish and the 
Iranian cultivars 'Gerek' and 'Sardari,' respectively. 

Group G3 included susceptible types that are sim- 
ilar to G4 entries for their initial infection, but the 
fungus multiplication and appearance on the leaves 
was subsequently slower. The disease severity curve 
of G3 plateaued at a lower level compared to G4 
(Fig. 18), with the leaf coverage by the disease 
towards heading. Examples of entries belonging to 
this category are the Russian cultivar 'Bezostaya' and 
the Turkish cultivar 'Dagdas.' 

80 I " 

Studies conducted at ICARDA during 1998 and 1999 
showed evidence of a slow yellow rust infection of 
wheat. Fifty winter wheat entries of diverse origin 
were artificially infected at tillering. Disease develop- 
ment and progress was monitored from the onset of 
first visible pustules on foliar tissues up until flower- 
ing. Scores on disease reaction, severity, and inci- 
dence were taken. Although each test entry had its 
own specific behavior, data analysis made it possible 
to divide the entries into four contrasting groups des- 
ignated as G 1, G2, G3, and G4. 

Entries in Gl  did not show any visible disease 
stress. The pathogen either could not multiply on the 
host plant, or spread but to a very limited leaf area 
(up to 15%) with only minute, necrotic-spots, visible 
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Finally, in group G2, plant behavior in response 
to the pathogen was intermediate between G L on one 
hand, and G3 on the other. Plant reaction was gener- 
ally of moderate susceptibility, or susceptibility with 
low severity. Although clear yellow rust pustulcs 
were visible on the leaves, they were both slower to 
develop initially and to progress over the leaf area 
subsequently. The leaf coverage by the nlsc pustules 
at heading was about half less than that of group G3, 
or one-fourth. that of G4. Examples of G2 entries 
include the Turkish cultivar 'Kinaci' and the 
ICARDA line Tast/Sprw//Zar. 
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In both G2 and G3, the rate of increase in the 
infected leaf area decrcascd with time, as did the 
speed of the disease progress on plant tissue. 
However, the slow rusting was more intense in the 
case of (32, leading to a much more limited yield 
depression in G2 as compared to G3 'The expected 
yield loss due to yellow rust was negligible in G2, 
but considerable in G3. This was confirmed by 
results from small plots grown at ICARDA in 1999, 
where G3 and G4 yields represented 68 and 54% of 
the yicld of GI.  In contrast, G2 yield did not signifi- 
cantly differ frorn G 1. It was also interesting to note 
(hat some of the highest yielding types in the 
CWANA region belonged to the G2 group. 

Genetically. the G2 types would be less con- 
ducive to new rust races, as they exert less selection 
pressure on the fungus than do G 1 types, and there- 
fore would contribute to enhancing the durability of 
host plant resistance to yellow rust. Further research 
is being conducted to understand the inheritance of 
this slow-rusting attribute to exploit it more effective- 
ly in breeding new, improved wheat cultivars for 
cold- and cool-winter areas of the CWANA region. 
where yellow rust is a major biotic stress. 

Harvest Mechanization for 
Sustainable Lentil Cultivation in 
West Asia 

Lentil is an important component of the rainfed farm- 
ing systems in the dry areas of WANA. The cost of 
lentil production in West Asia has increased tremen- 
dously in recent years due to high hand-harvesting 
costs. This is posing a severe threat to the cultivation 
of this major cash crop. 

In its first decade, ICARDA developed economic 
machine harvesting systems for lentil production. 'The 
Center is cooperating with Cukurova University, 
Turkey; Aleppo University; and the General 
Organization of Agricultural Mechanization, Syria, in 
this research. 

A survey on adoption of different harvesting sys- 
tems in Syria and Turkey was carried out. The ha.- 
vesting options for the lentil growers in these coun- 
tries are hand harvest, double knife cutter bar, 
smalVlarge self-propelled mower and combine har- 

vester. Sniall farmers used hand harvesting but thc 
medium and large producers used different machine 
harvesting systems (Table 61. 
I 
Table 6. Harvesting systems 

category (ha) Double-knife ~umr bat harvester 
-- 

I No. % No. 8 No. % 

In Syria, farmers have adopted the comoine, 
while the double-kxufe cutter bar is the dominating 
system in Turkey. Harvest-loss studies showed that 
the double-knife cutter bar gives higher straw yield 
than the combine or self-propelled mowers (Table 7), 
and is, therefore, preferred by those growers who use 
their lentil straw for animal fccd. 

Table 7. Average yields (kgha) and losses (as percentage of 
yield) with different harvesting systems. 

I Harvest systems Seed -. Straw 
Yield 5% lo& Yield k loss 

I Hand-pulling + thresher 1347 11 1969 8 
Double-knife cutter bar 1160 I &  1440 17 

+ thresher 
Large self-propelled mower 

+ thresher 
Combine harvester 

A side-mounted, tractor-operated, double-knife cutter bar 
in ~ r ~ v n t i n ~  fnr hary&ng Jgnul in I f d n  Tn~rknw * 
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However, mechanization alone is nut the total 
answer to improving economic returns from lentil in 
West Asia. The traditional lentil cultivars are prone to 
lodging and, therefore, unsuitable for mechanical har- 
vesting. ICAKDA, in collaboration with national 
partners, has developed new varieties, including 
'Idlcb 1 ' i n  Syria and 'Sayran 96' in Turkey, which 
havc good standing ability and resistance to mechani- 
cal damage. 

Improved cultivars harvested with machine pro- 
vided a saving of 17-20% on harvesl costs. For the 
grower, this was worth an extra US$ 100 per hectare; 
for the local economy in the two areas surveyed it 
was worth about US$ 13 million a year. 

Effect of Melia Seed Water Extract 
on Sitona Feeding 
Sitona cr-initus H, is an important insect pest of lentil 
in thc WANA region. Sito~za adults feed on leaflets, 
but the larvae feed on nodules and cause most dam- 
age. Insecticides effective against this pest have been 
identified, but their use in farmers' fields is limited 
because of their high cost and .the environmental haz- 
ards associated with their use. 

An experiment was carried out to find alterna- 
tives to the use of insecticides. Powder from Melio 
azedarach dry h i t s  was soaked in tap water for 24 
hours; three concentrations were prepared, 15, 25, 
and 50 g/l. Deltarnithrin (0. I %'c) and water were used 
as checks. Ten seedlings of lentillpot at about 10 cm 
height were infested with six pairs of Sitona adults. 
Plants were infested 30 minutes alter the spraying. 

I " 

Check 15 25 50 Deltamithrin] 
(0.1%) . 

Melia extract (otll I 

. 19. Effect of three concentrations of water extracts 
dry fruits of Melia azedarach on Sifona chitus adu 

The percentage of leaflet damage was assessed three 
days after infestation. 

The insect feeding activity was significantly 
reduced on treated plants, and the leaflet damage for 
the three concentrations was 24.8, 24.2, and 14.7%, 
respectively, compared with 98% for the unsprayed 
check (Fig. 19). 

Since M. azeclcrraclz Wee is common in WANA, 
water extracts from its fruits could provide a cheap 
and environment-friendly means of eontrollirig this 
lentil pest. Further studies are being canicd out to 
determine whether there is any residual effect of 
Melia fruit extracts on seeds of treated plants and any 
side-effect on beneficial insects. 

Drought Tolerance in Chickpea 

Kabuli chickpea is one of the most important cool- 
season food lcgumes grown in spring in Cerltral arid 
West Asia and Noi-th Africa. However, terminaI 
drought often hits the spring-sown crop, and reduces 
yield. Efforts are under way at TCARDA to develop 
improved cultivars of spr~ng-sown chickpea that can 
withstand the terlninal drought and produce good 
yield. 

A reliable screening technique involving delayed 
sowing of chickpea by  three weeks during spring at a 
relatively dry site at Tel Hadya was used to evaluate 
1000. 544, and 600 germplasm lines in 1997, 1998, 
and 1999, respectively. The material was scored 
using a 1 (= resistant) to 9 (= susceptible) scale. The 
lines found resistant in 1997 and 1998 were reevdu- 

hickpea drought tolerance nursery at Tel Hadya, Syria, 
99. She genotypes susceptible to drought showed no or ~ k 



ated in 1999. Rainfall in 1999 was both low and 
unevenly distributed in WANA, and led to a severe 
drought and caused heavy losses of the spring-sown 
chickpea. This provided an opportunity to screen 
improved lines againsl drought stress. Of the 39 
Iines tested for confirming their resistance, 22 were 

found resistant with a rating of 3 ('Fable 8). It was 
evident from the data that there was no association 
between the countly of origin and drought tolerance 
of these lines. These resistant lines have been shared 
with NARS through the Chickpea International 
Testing Program of ICARDA for the evaluation of 
their pelforrnance in different countries. In the pre- 
liminary screening of an additional 600 lines at Tel 
Hadya, 89 were rated 3. These will be further evalu- 
ated in 2000. 

Gene-Pyramiding to Control 
Ascochyta Blight of Chickpea 
Ascochyta blight (Ascochyta rabiei) is one of the 
most devastating fungal diseases of chickpea in the 
world. Although various chemical and cultural prac- 
tices have been developed to control this disease, 
these are not economical and often do not work. 
Thus, host rcsistance is the only reliable means to 
control this disease. 

At ICARDA, efficient field and laboratory 
screening techniques for ascochyta blight resistance 
have been developed, and over 25,000 accessions of 
chickpea germplasm and improved genetic materials 
have been evaluated. These evaluations have resulted 
in only a few resistant sources, which have been 
shared with NARS for testing under local conditions. 
The multilocation testing of these materials has 
revealed a differential. reaction to the existing races of 
the pathogen in different areas, suggesting a large 
variability in the pathogen. 

The shifts in the pattern of resistance 01- brcak- 
down of resistarlce reported in some countries seem 
to be due to the presence of a perfect or sexual stage 
of the pathogen leading to a large variability in the 
pathogen and making the selection for resistance dif- 
ficult. Earlier studies on inheritance of ascochyta 
blight resistance indicated that a single gene controls 
the disease. But recently it was observed that more 
than one gene is involved in controlling the disease. 
Variability in the pathogen has been characterized at 
ICARDA using DNA molecular techniques and the 
isolates have been grouped into Pathotype I ,  Patho- 
type 2, and Pathotype 3. Most of the lines identified 
as resistant and released for general cultivation by 
NARS are tolerant or resistant to Pathntype 1 or 2, 
but none is resistant to Pathotype 3, which is more 
aggressive. Research at ICARDA has denionstrated 
that Pathotype 3 is widely distributed throughout the 
WANA region. 'Therefore, the work on ascochyta 
blight is concentrated on the evaluation of germplasm 
and breeding materials against the mixed population 
of three pathotypes under field conditions, and 
Pathotype 3 under controlled conditions. 

'To improve the level of tolerance to ascochyta 
blight, efforts are being made to pyramid 01. combine 
different genes from different sources through multi- 
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ple crosses. This scheme has resulted in greater 
ilnprovement in ascochyta blight-resistance of the 
improved breeding lines than the single or two-way 
crosses. 'l'he pedigrees involved are: Cross 1 = [[(ILC 
95 x ILC 2956) x (ILC72 x ILC215)l x [ILC 95 x 
IL,C 29.5611 x ICC 12004; Cross 2 = [(ILC72 x ILC 
1922) x ILC 49211 x [ILC 3856 x II,C 42461; Cross 
3 = [ILC 5342 x (ILC 72 x ILC 21511 x ICC 13555. 

Thc dcrivcd lines from the pyramiding project 
I3cientists from Central Asia and the 
:E@rea, examine improved chickpea lines at ICARDA's have shown bctter resistar~ce than the standard checks 

main experimental station, develowd throuah aene- (Table 9). It is interesting to note that some of these 

pyra'mldh7$ rlewly developed lines possess a reaction of 3 or 4 on 
I 

ble 9. Performance and pedigree of some of - 
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a 1 to 9 scale (where 1 = free of any damage, 9 = 
killed), compared with a rating of 6 for the improved 
check, under controlled conditions. The pedigree, 
ascochyta blight reaction, seed size and seed 
yicld/hectare of some of the newly developed lines 
are given 111 Table 9. It is encouragirlg to note that 
some of the lines which have a high level of toler- 
ance and good seed size are also good in seed yield. 

Faba Bean Improvement 

Faba bean is an important legume crop in the WANA 
region, the Nile Valley countries, and China. Since re- 
launching rhe Faba Bean Pre-breeding Program at 
ICARDA in the 1996/97 season, research has covered 
the following aspects: 

Identification of new genetic resources for resis- 
tance to fungal and virus diseases. 
Development of improved, high-yielding popula- 
tions with single and multiple stress resistance for 
use by NARS. 
Building gene pouls for particular stresses by 
recombining sources of resistance to chocolate 

spot, ascochyta blight, Orobanche and rust, and 
early maturity. 
Multiplication of 81 ge~mplasm accessiox~s for 
rcsisunce to chocolate spot (41), ascochyta blight 
(12), Orobanche (18), and resistant:e to ascochyta 
blight combined with tolerance to frost and high- 
yielding ability (10). A total of 400 faba bean 
germplasm accessions were multiplied for distrib- 
6 

ution to NARS on request. 

I . . Faba bean breedina lines with combined resistance to 

I The distribution of targeted crosses, genetic 
resources for resistance to biotic and abiotic stresses, 
improved populations, and different international 
nurseries is shown in Table 10. 

I 
I 

tiun of new sources of r~~ i s tamk d segwpthg 6 
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Survey of Viruses Affecting Forage 
Crops in Syria 

A survcy was conducted in collaboration with the 
IJniversity of Aleppo during April-May 1999, in dif- 
ferent governorates of Syria, to identify viruses 
which affcct differenl forage species (Medicngo sp., 
Trifalium sp., L,athyrus sp., Pisun1 sp.. Vicia sp.). 

Symptomatic and random samples were collected 
from all the fields surveyed. The most commonly 
encountered viruses were pea enation mosaic virus, 
broad bean mottle virus, pea seed-borne mosaic virus, 
alfalfa mosaic virus, and cucumber mosaic virus. The 
ovcrall virus incidence, estimated from testing the 
randomly collected samples, was 17%. 'I'he total 
virus incidence range among the forage species sur- 
veyed was from 7.5% (Vicia ewilin) to 44% (Lntlzyrus 
sp.). Around 75% of the infected samples had a sin- 
glc virus and 25% had a mixed infection. Since most 
of the viruses detected are seed-borne in one or more 
forage legume species, seed quality could be an 
important factor in forage production in Syria. 

The WANA Seed Network Council 
Meeting 

The WANA Secd Network was established in 1992 as 
a vehicle for rcgionaI collaboration and exchange of 
infoxmation among member countries. Since then, 
members have carried out a substantial program of 
activities as agreed in the Nctwork meetings. A regu- 
lar Newsletter "Seediafo" and several technical publi- 
cations are produced every year. The main decision- 
making body of the Network is the Council, which 
comprises the official representatives of all member 
countries. The Council met in Cairo In May 1999 to 
review the progress of the various activities. As a 
result, some changes in the program of work were 
agreed for the next three years. 

Besides reviewing Nctwork activities. the specific 
theme of the meeting was to find ways to support the 
National. Seed Associations in promoting the develop- 
ment of the private seed industry. Accordingly, repre- 
sentatives of lhose associations, which now exist in 
four countries (Egypt, Morocco, 'llakistan, and 

'Turkey), were invited to participate in the Council 
meeting and to give presentatjons of their progress. 
This was the first time the private sector had been 
directly represented in a Council rnecting. This 
helped in addressing the various matters affecting the 
emerging private sector, and its relations to govern- 
men t. 

Policy Advocacy in a Changing 
Seed Industry 

ICARDA participated i n  a preparatory meeting in 
Lilongwe, Mal.awi, for establishing an African Seed 
Trade Association. The Center presented a paper on 
"The Experiences of the WANA Seed Network as a 
Catalyst for Regional Development." 

Another major event of the year was the World 
Seed Conference held in Cambridge, UK, in 
September to celebrate the 75"' anniversary of the 
International Seed Testing Association (ISTA). This 
conference was supported by major interx~ational 
organizations involved in seed, and attracted ovcr 400 
participants, including many from developing coun- 
tries. ICARDA presented a paper entitled "Prospects 
for Privatization of Chc Seed Sector in Developing 
Countries," which is a key issue in many countries 
now as economic libe~alization proceeds. The same 
topic of privatization was presented as a working 
paper at a regional workshop organized by F A 0  in 
Cyprus, in June, to discuss regional initiatives in sccd 
policies and programs. 

A new research project on the efficiency of seed 
supply, which is partially funded by thc German 
Agency for Technical Cooperation (GTZ), was also 
started. Under this project, ICAKDA wilI carry out 
studies on the seed supply system in eight countries. 
The main purpose is to identify the strengths and 
weaknesses of different seed supply systems, and the 
effects of changing policies on the seed supply, yar- 
titularly for small farmers. In the region scrved by 
ICARDA, agriculture in marginal and risky cnviron- 
ments discourages the farmers from purchasirig seed. 
As a result, those areas are relatively unattractive to 
the existing private sector and there is a need to 
devise ways in which farmers can benefit from 
research innovations. 
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Regional Seed-Training Program 

Training staff from national seed programs has been a 
key activity of ICARDA since 1985. Currently, all 
training is supported by a special project funded by 
the Dutch Government through the Directorate 
General for International Cooperation (DGIS). This 
project incorporates a "Train-the-Trainers" approach. 
For "Train-the-Trainers" courses, the host organiza- 
tion makes all the logistical arrangements, plans the 
teaching program, and sponsors the participants. 
ICARDA sends one of its staff as a 'resource person' 
to provide technical back up during the course. 
ICAKDA also provides some teaching ~naterials and 
coritributes to the local costs. 

The subject matter of the courses is shifting from 
such disciplines as crop inspection, seed testing and 
processing to seed eco~iomics and management. 

Resource Management and 
Conservation 

Barshaya Water Management 
Project Initiates GIs Component 

The expansion of irrigation using groundwater, dur- 
ing the last 30 ycars, has provided many countries in 
the WANA region with considerable benefits, includ- 

I ing higher farm incomes, increased food security, and 
. - 

rural employment. how eve^, high rates 
of groundwater extraction are often 
unsustainable. Grourldwater levels are 
dropping; wells have dried up in some 
areas and irrigated land is returning to 

, rainfed agriculture. Droughts further 
aggravate thc situation. For instance, the 
drought in 1998199 in Syria affccted rain- 
fed crops, livestock, and reduced irrigat- 
ed acreage. This adversely affected food 
and feed productiori and, therefore, [arm 

I I 
income. Groundwater depletion is the 
cumulative result of production choices 
of individual producers. 

ICARDA- in collaboration with the 
Christian Albrecht lJniversi ty (CAU) at 

In the ~ a - 1 ~  yeala vf the project, then were sevcr- 
a1 primary courses but the program is now reaching 
maturity and most of the training consists of in-coun- 
try follow up courses. A total of seven of these cours- 
es were held during 1999 in Egypt, Iraq. Morocco, 
Sudan, Syria, and Yemen. 

This approach to training has many advantages. 
The most important one is the oppotrunity to tailor 
the teaching directly to the needs of the participants 
by placing it in the context of their own seed pro- 
gram. Specific problems can bc discussed in detail 
and experience from different areas or organizations 
within the country can be shared. In fact, these cours- 
es provide a forum for interaction between staff who 
do not normally meet in their daily work. 

Kiel, G ' E ,  and BMZ. Germany- has staked a study 
on sustainable groundwater use in the dry areas. The 
study site is a transect crossing five agroecological 
zones in northern Syria, each with differing degrees 
of water availability. Six villages have been selected 
as locations to conduct research, incIuding Barshaya 
(Fig 20). The research approach is interdisciplinary 
and aims to stimulate actions that involve stakehold- 
ers in analyzing causes of, and finding solutions for, 
water scarcity. The research activilies cover: (i) water 
use and hydrology (water use survey and well moni- 
toring); (ii) farmers' knowledge and practice of well- 
drilling; (iii) institutional, factors (participatory 
research methods); (iv) enterprise budget analysis and 
cropping pattern; and (v) well investment decisions. 
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first interaction is anticipatcd to create "- greater common awareness of the problem, 
which could support collective action. 'The 
second interaction is expected to improve 
the policy formulation process by providing 

11 farm-level informatlon on institutional and 
technological optlons and user's reactions 
to different regulations. 

GIs tools are being used for deter- 
mining the changes in many variables at 

1 the village level, such as irrigated area, as 

II water depletion worsens. GTS provides a 
flexible tool for the storage, manipulation, 

II and analysis of the project's varied datasets 
as well as a means to present results in sim- 
ple graphical form. These data will be used 

11 to generate a village territory water avail- 
- abilitylrequirement map based on existing 

Zone 1 Zone 2 Zone 3 l o n e  4 I Zone 5 wells, their known discharges, and current 
C cropping patterns. By combining this data 

with land ownership information, ICARDA .~g. 20. l s t iw rroject I ransect locating barsnaya village In northwest 
bria will be able to meet with the village stake- 

holders and illustrate potential water mm- 
Simulation of micro-level (community) cropping agement strategies may assist in the sust;linabili- 

patterns and water-use scenarios will be used to test ty of Barshaya,s future agricultural production 
different institutional and technological options. The (Fig. 21). 
simulation model will be used as a learning tool for 
stakeholders. This approach establishes a dialog 
among water users within a community and between 

Managing Farm Information 
water users and government regulatory bodies. The On-line Using GIs 
I I 

'ig. 21. Land ownership in the Barshaya village in north- 

I I An integrated geo-farm system approach is being 
developed at ICARDA's Tel Hadya Station. 
Experimental trials related to crop breeding and dif- 
ferent field management regimes have been managed 
individually, and the majority are fully documented. 
However, decjsion-making for field management 
requires analyzing derived information such as soil, 
crop type, tillage, hydrology, fertilizers, and yield. 
Analyzing these data requires the information to be 
fully integrated. Previously, on-line spatial (maps) 
and non-spatial. (fields attributes) linkages were not 
available. This left collected data of limited value for 
decision-~naking and also limited the sharing of this 
information with other users. 

Geographic Information Systems (GIs) arc 
becoming useful tools in agricultural systems plan- 
ning and management. One of the ways that GIs can 
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--- i'defined as underweight. In addition, an estimat- 
' ed 2,000 million adults and children suffer 
from micronutrient deficiencies. Although 
immediate causes of chld  malnutrition may 

1 differ, depending on the specific groups, the 
basic cause is poverty. 

Poverty affects nutrition of the rural housc- 
1 hold and that of the child through its effects on - 

food production, supply, and distribution within 
the household. These, in turn, could affect the 

1 food system, which could be considered as a 
process consisting of the components of pro- 
duction/acquisition, preparatiodprocessing, and 

I dis~bution/consum~tion. These components 
could directly or indirectly affect the availabili- 

9 ty of essential nutrients required for normal pombine-generated yield map of a field incorporated in GIs.  The use 
4 can click on any field within the farm to display tL-  --I-'-' .-:-" - - - -  

m 
urement map o- ;-?uire above +"- field rnanage111~1, 

I 

me relaLeo y w u  rrlea- i growth and development. Therefore, project 

---?t histr-' to determine the variations in food systems 
-- across and within different production systems 

help in planning is by producing spatial data (maps) of northwest Syria was started. Their effects and that 
showing fields with input and management history. In of socioeconomic status on the food system and the 
response to the need for an efficient data manage- nutritional status of children of rural households are 
ment tool, field histories were collected and incorpo- part of this study. accomplish these goals, food 
rated into a GIs. Yield maps at the field level, gener- systems of rural families in three distinct production 
ated by sensors on ICARDA's combine harvesters, systems, namely, the barley-livestockl the mixed 
were also included. The user can now display any cropping system (wheat, sugar beet, potato, cotton), 
yield mage by ciiclung on the field displayed. The 

I- 
- 

field management data is located within a separate 
database management system. Data linkage is prnvid- 
ed through a custom-built User Interface. The system 
was checkcd, and is now running for the first season. 
Data are being entered on a yearly basis The system 

.*L 

and the data are to be installed on ICARDA's server. 
?he  final products of the developed GIs will provide 
the farm manager and the scientific uscrs with an 
advanced tool to obtain up-to-date digital and geo- 
referenced field information. Although the final 
results can only be concluded after an intensive sys- 
tem test, the application indicates that GIs is effec- 
tivc in integrating various data sources. .,. vu,,-v,rement of a girl under 10-year age ,,, 

h village. Khanasser, Syria. 

Poverty, Food Systems, and 
Nutritional Well-being 

and the fruit-tree system (olive, apricot, pc,~~,cgra,,,,c, 
walnut, and fig) are being studied. Families involvcd 
in these different production activities k~elong to three 

Child undernutrition is a serious and widespread 
problem in developing countries. As of 1995, about 
160 million children under the age of five were 

different villagcs,two in the north of the ~ 1 4 ~ 0  
province (an area called Afrin) and one in the south- 
east in the Khanasser Valley. The cropping and fruit- 
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tree systems in the villages (Trinda and Yaktior, 
respectively) are located in the Afrin area. and the 
barley-livestock systcm village (Serdah) is located in 
the Khanasser Valley. 

The methodology involves use of both qualitative 
and quantitative techniques. These ir~clude pa~ticipant 
observation techniques, informal interviews, partici- 
pant observation, and participatory lechniqucs. Data 
on food intake and growtb of children will be collect- 
ed using food frequency questionnaires and anthro- 
pomctry, respectively. 

Initial phase of fieldwork involved preliminary 
appraisals to help facilitate the choice of research 
sites followed by informal discussions and rapport 
building with village families. This has been fol- 
lowed by a card-sort activity in which mothers of 
households sorted food cards into self-perceived cate- 
gories. This will help to determine the perceptions 
and/or knowledge of nutrition in these households as 
well as to establish a pattern for classification of 
foods, which could then be used in subsequent sur- 
veys. Currently, studies on seasonal calendars and 
anthropometry are being conducted in all three com- 
munities. Through qualitative observations, the most 
important pattern emerging so far is a distinct differ- 
ence in diet, income and lifestyle of the three sys- 
tems. Besides differences in major agriculture prac- 
tices, household food production and acquisition 
practices vary between the groups. The croppers and 
fruit-tree households have greater access to a larger 
variety of fresh foods, such as fruits and vegetables, 
as compared to the livestock households. Storage and 
processing practices are found to be more developed 

~nducting seasonal 
le, Khanasser. Syri; 

mother 

in the fomnier as well. Differences have also been 
observed in the level of awareness of nutritional con- 
tent of foods and the importance of the variety of 
foods in the diet. However, the food intake of all the 
groups is subject to seasonal patterns and cultural 
rules. Higher education levels, better access to cash 
income, markets and health and sanitation facilities 
and lower birth rates give a distinct advantage to the 
cropper and fruit-tree households over the livestock 
households. Quantitative work is currently underway 
to determine incidence of underweight children as 
well as the exact food and nutrient intake pattern of 
these children and households. 

Implications of Land-Use Dynamics 
for Land Degradation 
Successful rehabilitation of degraded land requires 
examination of the location-specific conditions and 
characteristics. Knowledge of the farmers' under- 
standing of their environment and their perccption of 
land degradation helps to develop and adapt land-use 
practices suited to the capability and carrying capaci- 
ty of the land. 

Irn Mial is a typical agm-pastoral village at the 
fiinge of the steppe in noithwestern Syria. It is one O F  
I 1  villages in the Khanasser Valley Integrated 
Kesearch Site, which ICARDA has selected for its 
participatory and integrated natural resource manage- 
ment research. The village of Im Mial is an example 
LO illustrate the relation between the changes in land 
use and the land degradation perceived and observed 
by the land users in the Valley (Fig. 22). Located at 
the foot of the eastern mountain, debel Shb~th, it has 
an area of 2702 hectares. of which 479 hectares 
(36%) are arable land, 1695 hectarcs (63%) are graz- 
ing land, and 28 hectares (I 96) are taken up by the 
village itself. The main cornponents of agriculture in 
the village are rainfed barley cultivatiori and livestock 
rearing. 

After the land reform In 1968, the land of the 
Khanasser Valley was allocated to the villagcs in the 
area. Farmers were allocated pleces of land in both 
high-and low-productive areas. which were identified 
on the basis of their land characteristics. According to 
the farmers, the quality or importance of the area for 
cultivation depends mainly on soil and water (i.e., 



Resource Managen~ent arzd Conservation 53 

I of the grazing areas. They attributed the decreasing 
yields to reduced soil moisture and poorer soil 

Valley, belweet~ ' 
e Jabul Salt Lake in the north and the vast steppe areas I 

in Syria, inhibits the expansion of arable 

moisture) conditions. Also, the slopes ot the-e 
important. Flat areas are given higher ranking than 
sloping areas. The size of the fields was also seen as 
important. The farmers believe that on larger fields 
the productivity is higher. 

Land-Use Changes and Farmer-Perceived 
Degradation 

Farmers in Im Mial identified two main signs of 
degradation of the land resources: decreasing yields 
of rainfed barley and deterioration of thc plant cover 

fertility. 
With the introduction of continuous cultivation 

without adequate nutrient supply and the reduction of 
fallow, soil fertility has decreased. Another reason for 
decreased yields is that the reduced fallow has 
increased the incidence of root pests, such as ground 
pearls (Pophyrophrcr tritici), which damage the 
crops. These changes in the natural vegetation arc 
seen as a result of "a shorter spring period and the 
general dryness," but also the %creased number of 
livestock" in the arca. 

In I m  Mial, both degradation and intensification 
led to changes in land use. The reduced fallow with 
no application of manure or fertilizer has caused a 
loss o f  soil fertility and correspondingly decreasing 
yields. 'The expansion of fields into the sloping areas 
of the mountain foot slopes and. with it, the complete 
removal of the protective stones from the soil surface 
are leading to increased soil erosion. The expansion 
of the land and reduction of fallow is due to the 
increased demand for outputs as the population 
grows. 

This has changed the cultivarion practices from 
being labor-intensive to labor-extensive and allowed 
for an increase in the area of land to be cultivated. 
The continuous cultivation also has the aim to secure 
good overall yields in years with high rainfall. 
Whether this is also a response to the observed 
decreasing yields needs to be studied. 

Migration also plays an important role. With the 
out-migration of villagers induced by the limited land 
resources and favorable earning oppollunities from 
off-farm work, farmers are increasingly encouraged 
to invest in small-scale inigation. 

Larger livestock numbers and the expansion of 
arable land into grazing land increasingly put pres- 
sure on the natural vegetation and have led to 
decreased and less diverse vegetatjon cover. 
Therefore, the natural vegetation now plays a lcss 
important role in the diet of the animals. 

For the arable land, the high population growth 
and the inheritance system in the village have caused 
a fragmentation of land to an extent that a rcclassifi- 
cation of the land is talung place. Farmers who live 
and work outside the Valley may not claim land nor 
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receive a share of thc yields to make more resources 
available for the permanent members of the village. 

The cxtensification of land does not only involve 
an enlargement of the arable area, it also involves a 
rural-to-rural out-migration. The villagers rent land 
and are engaged in rural labor work in other regions 
of the country. A large number of villagers belicvc 
that in the future more people will out-migrate for 
off-farm work and that within the village territory, 
more people will take up sheep fattening. These two 
trends of dcveloprnent can already be observed in the 
village. An increasing number of households are 
depending totally or mainly on off-farm incomes, 
particularly cultivation of rented irrigated fields in 
irrigation schemes outside the Valley. These people 
live outside the village for the larger part of the year 
and return only for the winter period. For them, culti- 
vation in the village has turned Into 'hobby farming' 
of little financial importance. Some farmers do not 
cultivate any land in Im Mia1 or gct any of the returns 
for the on-farm cultivation at all. The other trend is 
that some farmers have started raising shcep for the 
meat, not for milk. The sheep are fattened mainly on 
purc:hased crop residues. 

lmplicatioas for Land Rehabilitation Work 
in the Valley 

Surveys have shown that any land-rehabilitation mea- 
sures in the Valley must be adapted to fit into the 
land utilization and living conventions of the farmers. 
The conservation of the natural resources in the 
area-the establishment as well as the maintenance 
of the conservation measures-should require only a 
small financial and labor input from the farmers. The 
major activities should be in the winter period after 
sowing rainfed fields, when the farmers are present in 
the village. 

Tree plantations on the upper parts of the fields 
located on the mountain slopes can conserve the soil 
and prevent erosion. Trees such as olive require only 
minor inputs when the plantation is established. The 
harvest time for olives is in November, when most of 
the farmers have returned to the village. 

Farmers spend a large amount of rrioney to buy 
market crop residues to feed the livestock. Increased 

on-farm integration between crop and livestock, 
where fodder crops could be cultivated instead offal- 
low, can increase fodder availability and improve soil 
fertility. 

The Optimizing Soil Water Use 
Consortium 

1 For millions of resource-poor dryland farmers in sub- 
/ Saharan Africa (SSA) and the CWANA region, low, 

erratic and unevenly distributed rainfall makes it dif- 
ficult to achieve stable, sustainable production sys- 
tems that would provide them with satisfactory, low- 
risk livelihoods. 

In rainfed agriculture, irnprovcments are mainly 
dependent on the conservation of rainfall water in the 
rooting zone of crops (including shrubs and trees), 
and on the management of the field and the crops to 
use this water more eficicntly. However, actual 
water-use efficiency in current farming systems in the 
drought-prone countries of CWANA and SSA is often 
very low. and a surprisingly small proportion of the 
available water is actually transpired by the crop. 
Hence, the agricultural priority across all dry-area 
farming systems in sub-Saharan Africa and CWANA 
is to increase biological and economic yield per unit 
of water. 

One of TCARDA's activities directed at improv- 
ing the productivity of water-use in dry areas aims at 
achieving this task. ICARDA, together with the 
International Crops Research Institute for the Semi- 
Arid Tropics (ICRISAT) and the National Research 
Organization of South Africa (ARC-SCW), is a co- 
convener of the "Optimizing Soil Water Use 
(OSWU) Consortium," a constituent of the CGIAR 
System-wide "Soil, Water, and Nutrient Management 
Program (SWNMP)." The overall goal of the 
Consortium is to achieve sustainable and profitable 
agricultural production in dry areas based on the opti- 
mal use of the available water. It brings together two 
international agricultural research centers and 12 
national agricultural research and extension systems 
(NARES) from Burkina Faso, Egypt, Iran, Jordan, 
Kenya, Mali, Morocco, Niger, South Africa, Syria, 
Turkey, and Zimbabwe. By bringing together 
researchers and farmers from different environments. 



the OSW'CJ Consortium promotes fruitful exchange of 
ideas, experience and, most importantly, practical 
techniques to combat the cffects of waler scarcity, 
and to sustainably improve production, security, and 
livelihood of the farmers in dry areas of CWANA and 
SSA. 

The overall objective of the OSWU Consortium 
is the integration of land management techniques, 
which capture and retain rainwater with clop hus- 
bandry techniques. These techniques will maximize 
productive transpiration and minimi~e evaporative 
and drainage losses, within water-efficient, produc- 
tive and sustainable cropping systems to improve the 
productivity of the cropping systems. 

Recent agricultural research by ICARDA and 
other international and national centers has enabled 
farmers to overcome many of the constraints previ- 
ously limiting their crop yields. However, in most 
rainfed farming systems, the rnajor constraint that 
farmers face is low and erratic precipitation. Tcehnol- 
nologies required to increase output- and input-use 
efficiencies (e.g., water- and nutrient-use efficiencies) 
must fit the land-use system of resource-poor farm- 
ers, and must conserve the natural rcsource base. The 
main agronomic strategies to intensify crop produc- 
tion systems are (i) soil and water management, and 
(ii) cropping system management, with strong 
emphasis on soil fertility management. 

Cropping systems management to improve water 
productivity is first concerned with the type and 
sequence of the crops belng grown. The choice of 
appropriate rotations, intercropping or relay-cropping 
deterrnrnes to a great extent the productivity of rain- 
fed farming syslerns. In the dry areas of CWANA, 
introducing legume crops to replace fallow can 
increase production system's water-use efficiency 
considerably. Fig. 23 provides an example of 
improved syslem's water-use efficiency for wheat- 
based crop rotations in this region. 

However, the effectiveness and feasibility of all 
nlanagernerlt practices aiming at improved water-use 
efficiency depend on silc- and situation-specific con- 
ditions. Crop production systems are characterized by 
their production objcctive. with yield being deter- 
rnined by climate, thc degree of exploitation of natur- 
al resources (including human expertise), and man- 
agement. Rainfall, in combination with temperature, 

I WIF - W/L - 

soil, and socioeconomic factors, is the major detenni- 
nant for the multiplicity and complexity of the 
systems. 

International centers siich as ICAKDA, and 
CGIAR System-wide programs such as SWNM and 
the OSWIJ Consortium, have a comparative advan- 
tage to pursue such a task due to their broad expertise 
in many disciplines and their extensive linkages to 
other research and extension institutions, develop- 
ment organizations, NGOs, and farmers. Future out- 
puts of the OSWU Consortium will, therefore, 
include generic tools that can be used to adapt strate- 
gies and technologies for optimizing soil water use to 
site- and situation-specific biophysical and sociocco- 
nomic conditions, to enhance the impact of research 
at the farm level. 

Impact Assessment and 
Enhancement 
Impact of Barley and Lentil 
Germplasm Improvement 

Barley 

Barlcy is of great economic value to farmers in the 
dry areas. They use it both for food and feed. About 
15% of the barley grain produced in Morocco and 
about 10% in the highlands of Bolivia is used for 
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human consumption. However, the more important 
use of barley grain is as animal feed. Barley straw is 
used as ar~inlal feed, and barley stubble is grazed in 
summer in large areas of WANA. 

The averagc area, production, and value of barley 
for 1994-98 are given in Table 11. Developing coun- 
tries grow about 19 million hectares of barley, 72% 
of this is in WANA, 19% in Central Asian countries, 
and about 6% in Latin America. In the WANA 
region, the major barley production is in Turkey. 
Morocco, Syria. Iran, Iraq, Ethiopia, and Algeria. 
Most of the barley (88%) in Central Asia is grown in  
Kazakstan. 

An impact study of ICARDA gemplasin found 
that a total of 11 1 barley varieties have been released 
during 1980- 1999 in 23 developing countries with 
which ICARDA collaborates in barley improvement 
research. About 52% of all these releases were from 
TCARDA crosses; 38% of them were selected at 
ICARDA, and 14% by NARS. In addition, 11 % of 
the releases were NARS crosses with at least one par- 
ent from ICARDA, and 15% were ICARDA 
ge~mylasm accessions. The evolution in composition 
of released varieties in developing counti-ies is shown 
in Fig. 24. 

There is a noticeable rise in the contribut~on of 
the releases from NARS varietal selection. Increasd 
selection activities by NARS indicate their increased 
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research capacity. This is consistent with the decen- 
tralization strategy, while maintaining access to conti- 
nous flow of genetic variability through their collabo-, 
ration with ICARDA. In partnership with WANA 
NARS, ICARDA is exploring further improvemcnts 
in selection efficiency through breeding 
projects in  ceitain target environments. 

ICARDA advanced lines and released cultivars 
represent the major component of NARS crossing 
blocks. This component has increased from 46% in 1 1987 to about 54% in 1997 (Table 12), suggcstinp a 
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substantial impact of ICARDA on variety releases. 
Furthermore, ICARDA advanced lines and released 
cultivars are a major source of parents for the NAKS 
crosses, increasing from about 27% in 1987 to about 
36% in 1997. 

The diffusion of new barley varieties is growing 
but non-availability of seed remains a key constraint 
to their adoption. Two major lessons emcrgc from 
this study. First, participatory plant breeding is neces- 
sary to enhance direct access of farmers to improved 
gcnnplasm. This is because the variability of the 
farming conditions within the dry areas does not 
allow any single variety to cover a large area. 
Second, community lcvcl or informal seed systems 
should supplement the participatory plant breeding, if 
a high adoption rate is to bc achieved. 

Lentil 

The worldwide area planted to lentil in 1998 was 3.3 
million hectares, of which 2.8 million hectares was in 
developing countries, representing 8 1 % of the world 
lentil area. The economic significance of lentil for 
developing coutitries is shown in Table 13. 

ICARDA lentil-breeding strategy has led to a suc- 
cessful use of landraces for developing new cultivars. 
A total of 52 varieties have been released by 22 col- 
laborating countries during 1980-99. ICARDA made 
the crosses for 46% of these released varieties. An 

additional 29% and 2% of lentil varieties released are 
attributed to ICAKDA gennplasm accessions and par- 
ents, respectively. Thus, the Center has contributed to 
the release of 42 of the 52 varieties (81 %) released. 
Although ICARDA crosses have contributed greatly 
to the NARS-released varieties, the selections of 
these crosses are not rlecessarily made at ICARDA. 

ICARDA advanced lines accounted for a major 
part in the composition of NARS crossing blocks in 
1997 (Table 14). ICARDA contribution to NARS 
cmssing blocks increased from 22% in 1987 to 57% 
in 1997, suggesting that ICAIZDA's likcly impact on 
variety releases could be substantial in the near 
hture. Parents from ICARDA advanced lines and 
released cultivars contributed greatly to thc crosses 
made by NARS in 1987 and 1997. 

The contribution of improved varieties to lentil 
yield and, thus, to the farmer's well-being, has been 
substantial. The yield o f  improved varieties is 25 to 
50% higher than local varieties. Bangladesh and 
China are among those countries where the yield 
advantage has been the highest. The impact of 
improved gemplasm is not limited to the yield 
advantage; the released varieties have other important 
traits such as resistance Lo disease and drought. 

The diffusion profiles indicate that improved 
lentil varieties have not yet reached their adoption 
potential in many countries. However, the average 
adoption rate increased from 2% in 1990 to 29% in 
1997. This is expected to increase further in coming 
years. The study also highlighted that only a small 
number of scientists are engaged in lentil improve- 
ment throughout the world so the crop is under- 
researched. 

rable 14. C-tim of NARS mum 
or 1987 and 1997 flentii). 
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Effects of Institutional and Market- 
based Feeding Options on Sheep 
Breeders in Syrian Rang 

- 
.-is 

In 1998, the Government of Syria, together with the 
International Fund for Agricultural Development 
(IFAD), the Arab Fund for Economic and Social 
Development (AFESD), and ICARDA initiated a new 
project airned at assessing the effects of institutional 
and market-based feeding options on sheep breeders 
in Syrian rangelands. This project was conducted in 
the Jub-Jainaa community, which is located in the 
rangelands of the Aleppo province. A GIS was used 
to delimit Ihc community boundarics and evaluate the 
level of cultivation followed by a complete census of 
the community to determine household wealth indica- 
tors (sheep, land, tractors}. In 1999, a survey was 
conducted to monitor the migration pattern of the 
community members together with an in-depth sur- 
vey of 69 households to assess their production 
strategies (Fig. 25). 

-I- - 

- 
Fig. 25. Transhumance sites for households of the Jub- 
Jamaa community, Aleppc -'?ppe -..mmer In"^ - I 

The cornrr~unity mapping revealed that 38% of 
the 31,283 ha of the community lands were cultivat- 
ed. The community was composed of 352 households 
with a population of 2,9 18 people and owned around 
53,500 sheep. However, there were considerable dis- 
parities in household sheep ownership as well as in 
land holding. Thirty-eight large sheep-owners had ou 
average 614 sheep and held 36.5 hectares; 83 medi- 

um sheep-owners, on average 215 sheep and 24.75 
hectares; and 23 1 small sheep-owners, on average 54 
sheep and 15 hectares. 

Mobility was one of the major features of live- 
stock production in Syria until the settlement of the 
nomads and their involvement in barley production in 
the rangelands. However, the present Iranshumance is 
very different from the traditional one, where tradi- 
tional institutions played an importanl role in negoti- 
ating access to resources, because each household 
made its own arrangements on when and where to 
go. 

Livestock producers depend on market and insti- 
tutionally based feed resources to tend their herds. 
Market feed resources, which include concentrate 
feeds and crop residues, require that sheep producers 
either purchase feed from the market and coopera- 
tives, or rent from farmers. All of them use concen- 
trate feeds to supplement their animal diets at differ- 
ent times of the year. Crop residues were also impor- 
tant feed resources. Medium-owners spent 49% of 
their time grazing their sheep on crop residues, while 
small and large spent 33% and 30%, respectively. 

Quantifying the contribution of the institutjonal- 
access options is not easy. It is assumed that these 
different production strategies arc important only if 
they contribute to the reduction of the costs of hand 
feeding, since the purchase of concentrates is one of 
the major constraints for small livestock producers. 
Understanding some of the tradeolfs between hand 
feeding and other feeding resources will unveil some 
of the reasons that prompt farmers to revert to one 
over another feeding strategy. 

Sheep breeders of the Jub-Jamaa community have 
increased the duration of their migration due to the 
combined effects of the cultivation ban and drought. 
However, they did not revert to their traditional group 
transhumance system. Each household decides when, 
where, and how long to stay on their grazing sites. 
Individual strategies arc becoming the major feature 
of livestock production. Under these individualistic 
livestock production strategies, small and large 
sheep-breeders seem to have found the best transhu,- 
mance strategies in minimizing production costs. 



Resources for Research and Training 

Finance 
In 1999, ICARDA's grant revenue from donors 
amounted to USD 20.450 million. Combined with 
other inco~ne of USD 0.753 million, a loss in 
exchange of USD 0.271 million, and a grant-pledge 
write-off of USD 0.497 million, the net revenues for 
the year amounted to USD 20.435 million. The oper- 
ating expenses for the year, net of the recovery of 
indirect costs, were USD 21.91 1 million. Thus, the 
year ended with a deficit of USD 1.476 million. 

Staff 
During 1999, the following internationally-hired 
senior staff members joined ICARDA: Dr Ahmed 
Amri, Biodiversity Project Coordinator; Mr Nicholas 
Bowley, School Head; Dr Mohammed El-Mourid, 
Coordinator, North Africa Regional Program, Tunis, 
Tunisia; Mr Michel Valat, Director of Administration. 

Thc following internationally-hired senior staff 
members, already on board, moved to higher posi- 
tions during the year: Dr Aden Aw-Hassan, 
Agricultural Economist; Dr Mustapha Rouncjmate, 
Forage and Feed Legumes Production Specialist; Dr 
Kajinder Singh Malhotra, Senior Chickpea Breeder; 
Dr Ashutosh Sarker, Lentil Breeder; Dr Mahmoud 
Solh, Assistant Director General (International 
Cooperation). 

The following intcmationally-hired P-level staff 
members were relocated during the year: Dr Abelardo 
Rodriguez, Coordinator for Latin America Regional 
Program, Lima, Peru; Dr Victor Shevtsov, Barley 
Breeder, Central Asia and the Caucasus Regional 
Program, Tashkent, Uzbekistan. 

The following internationally-hired RA-level staff 
members also joined during the year: Mr David 
Miliar, Science Writermitor; Mr Colin Webster, 
Systems Programmer/Network Administrator. 

The following Post-Doctoral Fellow joined dur- 
ing the year: Dr Bruno Schill, Faba Bean Breeding. 

The following Associate Experts joined during 
the year: Ir David Celis, Junior Professional Off~cer; 
Mr Kenneth Street, Associate Expert; Ms Josepkla 
Wesseis, Associate Expert, Applied Anthropology. 

The following staff members moved to RA-level 
during the year: Dr Malika Martini Ahdelali, 
Research Associate, Socioeconomics and Gender 
Analysis; Dr M. Sripada Udupa, Biotechnologist. 

The following staff member moved to Post- 
Doctoral Fellow level during thc year: Dr Irnad 
Mahmoud Eujay 1, Biotechnology. 

The following P-level staff members left during 
1999: Dr Zaid Abdul Hadi, Head: Computer and 
Biometries Services Unit; Dr Chrysantus Akem, 
I ~ g u m e  Pathologist; Dr Michel. Chenost, Animal. 
Nutritionist; Dr Gustave Gintzburger, Range Ecology 
and Management Scientist; Dr Thomas Taylor, 
School Head; Dr Mohamrnad Zainul Abedin, 
Farming Systems Specialist. 

Dr Heping Zhang, Post-Doctoral Fellow, Soil and 
Water, left during 1999. 

The Farms 
ICARDA operates iour sites in Syria (including its 
main research station at Tel Hadya, near Aleppo) and 
two in Lebanon (Table 15). These sites represent a 
variety of agroclimatic conditions, typical of those 
prevailing in the WANA region. 

Tite Coosdinations Area Approxi- Total 
(ha) mate eleva- &pG 

tion (rnj tation I 
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Precipitation (mm) in 1998/99 

se dm, please see Table 15 on page 59. 



Appendix 2 

Cereal and Legume Varieties Released by National Pr~drams' 

Countlylycar Variety Countrylyear Variety 

Barley 

Algeria 
1987 
1992 
1993 

Australia 
1989 
1991 
1993 

Bolivia 
1991 
1993 
1994 

Brazil 
1989 

Canada 
1992 
1993 
1994 
1995 

Chile 
1989 

China 
1988 
1989 

1998 

Cyprus 
1980 
1989 
1994 
1995 

Ecuador 
1989 
1992 

E%YPt 
1993 

1994 

Ethiopia 
19'73 
1975 
1979 
1980 

Harmal 
Radia 
Kihane-03 

Y agan 
High 
Kaputar, Namoi 

Kantuta 
Kolla 
San 1-orenzo 

Acumai 

Seebe 
Falcon 
Tukwa 
Kasota 

Zhenmai I 
V-24, Api/CM67//B 1, 
m-16 
5500, V06 

Kantara 
Mari/Aths*2 
Mia Milia, Achera 
1 xfkonoiko, 
Sanokrithi-79, Lysi 

Giza 125, Giza 126, 
Giza 127 
Giza 128 

Bcka 
IAW48S 
Holkr 
Ardu 12-60B 

Barley (contd.) 

1985 HB-42 
1986 HB- 120 
1994 S t~ege 
1996 Mi srarch 
1998 Abay 

Iran 
1986 &as 
1990 Kavir, Star (Makui) 
1996 Ezeh 
1997 Sahand (= Tokak), 

Fanub 

Iraq 
1993 Rihane-03 
1994 IPA 7, IPA 9, XPA 265 

IMY 
1992 Salus, Digersano 

Jordan 
1984 Rurn 

Kenya 
1984 Birna 
1993 Ngao 

Lebanon 
1989 Ki hane-03 
1997 Assy, ER/Apm 

Libya 
1992 Wadi Kuf, 

Wadi Gattara 
1997 Borjouj. Maknosa, 

Ariel, lrawen 

Mexico 
1986 
1998 

Morocco 
1984 
1988 
1991 
1997 

Nepal 
1987 

Pakistan 
1985 
1987 
1993 
1995 

MonalMzqlDI .71 
Capuchona 

Asni, Tarnelat, Tissa 
Aglou, Armal, Tiddas 
Laannaceur 
Igrane, Safia 

Bonus 

Jau-83 
Jau-87, Frontier 87 
Jau-93 
AZM-95 

Countrylyear Variety 

Barley (contd.) 

Pcru 
1987 
1989 
1994 
1096 

Qahr 
1982 
1983 
1989 

Saudi Arabia 
1985 

Spain 
1990 

Syria 
1987 
1991 
1994 

Thailand 
1987 

Tunisia 
1985 
1987 
1992 

Turkey 
1993 
1995 

USA 
n.a. 

Vietnam 
1989 

Yemen 
1986 

IJna 87, Nana 87 
Buenavista 
Una-94 
lJna-96 

Sereia, Enxara, 
Canipones 
CE 8302 
Ancora 

Gulf 
Harma 
Harrna 88 

Gustoe 

Resana 

Furat 11 13 
Furat 2 
hrta 

Semang 1. Semang 2, 
BRB-8 

'I'aj, Faiz, Roho 
Ri hane-03 
Manel 92 

Poco, Micah 

ha fa t ,  Heecher 

* These varieties were released with the contribution of ICARDA. 
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Countrylycar Variety Country/year Variety Country/year Variety 

Durum Wheat Durum Wheat (contd.) Bread Wheat (contd.) 
A tgeria 
1982 ZB//Fg/Lou kos 
1984 Tirngad 
1986 Sahl, Waha 
1991 Korifla 
1992 Om Rabi 6 
1993 Relikh 2, Haider, 

Kabir 1, Om Kabi 9 

Sounmarn = DouggaXBJ, 
ACSAD 59 = 40DNA 
Mimouni, Ain Abid 

Tensif 
Brachoua, Om Rabi 5 
Anouar, Jawhar 
Telset 

Giza 160 
Giza 162, Giza 163, 
Giza 164, Sakha 92 
tiarnmeiza 1, Giza 165 
Sahcl 1 
Sids I ,  Sids 2, Sids 3. 
Giza 166, Giza 167, 
Benesuef-3 
Sids 4, Sids 5. Sids 6: 
Sids 7, Sids 8 

Wadhanak 

Portugal 
1983 
1984 
1985 
n.a. 

Cyprus 
1982 
1984 
1994 

Celta, Tirnparlas 
Castico 
Helvio 
'I'LJ 9204 

Mesaoria 
Kar-asia, 
Macedonia 

Saudi Arabia 
1987 Cham I Sohag 1 

Heni Suef, Sohag I1 
Sohag 111 

Greece 
1983 

Spain 
1983 
1985 
1989 
1991 

Louros, Pinios, 
Arachihos 

Mexa 
Nuna 
Jabato 
Anton, Koqueno 

Selas 
Sapfo 
Skiti 
Sarnos, Syros 

Golestan, Azadi 
Darab, Sabalan, Quds 
Palat 
Tajan, Mahdabi, 
Darab 7. 
Gaher, Zagross, 
Nicknejad 
Alrand, Atrak. 
Alcrnent, Chamran, 
Zareen 
Azar 2 

Sudan 
1996 
1997 

Cham 1 
Waha Iran 

1996 
1997 

Seirnareh = Om Rabj 5, 
Korifla 

Syria 
1984- 
1987 
1993 
1994 

Cham 1 
Bohouth 5, Cham 3 
Om Rabi 3 
Cham 5 

Iraq 
1996 
1997 

Waha Iraq 
Om Kabi 5, Korifla 

Tunisia 
1987 
1993 

Jordan 
1988 M u u  = Cham 1 , 

Pctra = Korifla, 
Amra = N-432, 
ACSADBS = STK 

Razzak 
Khiar, Om Rabi 3 Es14 

Hamra, Adnanya. 
Abu Ghraib 
Vee 'S' 

Turkey 
1984 
1985 
1988 
1990 
1991 
1994 
1997 
1998 

Susf bird 
Balcali 
EGB 88 
Sam 1 = Cham I 

Kiziltan 
Aydin, Firal 93 
Huan = O~nrabi 5 
Altin 98, Ankara 98 

Lebanon 
1987 
1989 
1993 

Belikh 2 
Sebou 
Waha = Cham 1 

Italy 
1996 

Jordan 
1988 Nasma = Jubeiha, 

L88 = Rabba, Petra, 
Cham 1 
Nesser 

Baraka, Fazan, 
Ghuodwa, Marjawi. 
Qara, Zorda 
Zahra 1 
Khiar 92 
Zahra 3, 
Zallra 5 = Korifla 
Zahra 7, Zahra 9 

Bread Wheat 

Algeria 
1982 
1989 
199'2 

Lebanon 
1990 
1991 
1998 

Setif 82, HD 1220 
Zidane 89 
Nesser = Cham 6, 
Sidi Okba = Cham 4, 
Rhurnel = Siete Cerros, 
Alondra = 2 1 AD, 

Seri 
Nesser = Cham 6 
'I'owpe 

Morocco 
1984 

Libya 
1985 Zellaf, Sheba, Gerrna 
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Country/year Variety Countrylyear Variety Variety Countrylyear 

Bread Wheat (contd.) 
Morocco 
1984 louda, Merchouch 
1989 Saba, Kanz 
1996 Massira 
1998 Aguilal, Arrihane 

Oman 
1487 Wadi Quriyat 151. 

Wadi Quriyat 160 

Bread Wheat (contd.) 
1997 Kjoaci 97, 

Palandoken 96, 
Suzen 97 
Aytin 98, Mizrak 98, 
Turkmen 98, 
Uzunyayla 98, 
Yildiz 98 
Gen$-99 

Kabuli Chickpea (contd.) 
Italy 
1987 Califfo, Sultano 
1995 Pascia, Otello 

Jordan 
1990 

Lebanon 
1989 Janta 2 

Jubeiha 2, Jubeiha 3 

UAE 
1995 

Yemen 
1981 
1983 
1988 

1992 
L 995 
1998 

Cham 2, Seyhan 95, 
Kirgiz 95 

1993 
1998 

Libya 
1993 

Morocco 
1987 
1992 
1995 

Oman 
1988 
I995 

Pakistan 
1992 

Portugal 
1992 
1998 

Spain 
1985 

1995 

Sudan 
1987 
1994 
1996 
1998 

Syria 
1986 
1991 

Tunisia 
1986 
1987 
1991 

Turkey 
1986 

Raleela 
Al-Wady 

Portugal 
1986 LIZ 1 , L E 2  Ahgaf 

Marib 1 
Mukhtar, Aziz, 
Dhumran 
Alswiri 
Radfan 
Seiyun 

ILC 195, ILC 482 
Rizki, Douyct 
Farihane, Moubarak, 
Zahor 

Qatar 
1988 Doha 88 

Sudan 
1982 
1987 
1990 
1992 
I996 

Debeira 
Wadi El Nee1 
El Neilain 
Sasaraib 
Nessr 

IT,C 237 
FLIP 87-45C, 
FLIP 89- 130C 

Kabuli Chickpea 

ILC 482, L C  3279 
FLIP 84-79C, 
FLIP 84-92C 

Syria 
1984 
1986 
1987 
1991 

Cham 2, Bohouth 2 
Cham 4 
Bohouth 4 
Cham 6, Bohouth 6 

Elmo, Elvar 
Elite 

China 
1988 
1993 

Tunisia 
1983 

Fardan, Zegri, Almena, 
Alcazaba, Atalaya 
Athenas, Hagda, Kairo 

T-DUMA-I368 1 1. 
INRAI' 
Hyrsa, Salarnbo 
Vaga 92 
Tebica 96, Utiquc 

Yialousa 
Kyrenia Shendi 

Jebel Marra-1 
Atmor 
Salawa, Wad Hamid, 
Matama- l 

Turkey 
1979 
1985 
1986 
1988 

Giza 88 
Line 95 
Giza 3 

Gcrek 79 
Atay 85 
Ilogankent-1 (Cham 4) 
Kaklic 88, Kop, 
Dogu 88, Geq-88 
Es14 
Yuregir, Karasu 90, 
Katia 1 
Gun 91 
Dagdas 94, Kutluk 94 
Sultan 95, Kasifbey 95, 
Basribey 95 
Fl/68.44NZT13/CUC'S' 
lkizce %, Pehlivan % 

Ghab 1, Ghab 2 
Ghab 3 

TS1009. STSISOZ 
Roye Rene 

Amduun 1 
Chetoui, Kassab, 
FIJP 84-79C, 
RAP $4-92C 

Pant G884 

Iraq 
1991 

ILC 195, 
Guney Sarisi 482 Rafrdain, Dijla 
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Countrylyear Variety Countrylyear Variety Countrylyear Variety 

Kabuli Chickpea (contd.) Lentil (contd.) Lentil (contd.) 

USA 
199 1 Crinlson 

Faba Bean 

EiZypt 
1994 
1995 

Akcin 
Aydin 92, Menernen 

92, Izrnir 92 
Damla, Aziziyc 
Gokce 

Iran 
1999 ILL 62 12 

Iraq 
1994 

Giza Blanca 
Giza 429, Giza 46 1, 
Giza 643, Giza 674, 
Giza 7 14, G j a  7 16, 
Gila 7 17 
Gixa 2, Giza 3, 
Giza 40. Giza 843 

Jordan 
1990 

USA 
1994 Dwelley, Sanford Jordan 3 

Lebanon 
1988 
1995 

Lentil Talya 2 
Toula Algeria 

1987 
1988 

Syrie 229 
Balkan 755, ILL 4400 

Lesotho 
1998 
1999 

FLIP 87-21L, 
FLIP 84-78L Iran 

1986 Argentina 
1991 Arbolito 

El Safsaf 3 Portugal 
1992 Australia 

1989 
1993 
1995 
1998 

Aldinga 
Lligger, Cobbcr, Matjlda 
Northfield 
Cumra. Cassab 

Morocco 
1990 Rakria (Prccoz) Sudan 

1990 
1991 

Sellaim-MI, 
Shan~bat 75, 
Shambat 104 
Shambat 6 16, Basabeer, 
Hudeiba 93 

Nepal 
1989 Sikhar 

Bangladesh 
1993 Rarirnasur-2 
1995 Harirnasur-4 

New Zealand 
1992 Rajah 

Syria 
1991 Canada 

1989 
1994 

Pakistan 
1990 Manserha 89 
1995 Masur 95 
1996 Shiraz-96 

Indian head 
CDC Redwing, 
CDC Matador Peas 

Chile 
1989 

Portugal 
1999 Ccntinela Belcza, Cinderela 

Konterncnos 
Sudan 
1993 

China 
1988 
1998 

Ethiopia 
1994 

Rubatab 1 (ILL 813), 
Aribo 1 
Nedi 

Lesotho 
1997 Ecuador 

1987 
Local Sel 1690, 
Mg 102469, 
Syrian Aleppo 

Syria 
1987 Idleb I 

Egypt 
1990 
1998 

Precoz 
Giza 370, Giza 4, 
Giza 5 1, Sinai I 

Tunisia 
1987 

Oman 
1995 Neir, Nefza Collegian Dry Pea, 

MG 102703 Ilry Pea, 
A 0149 Dry Pea, 
Syrian Local Dry Pea 

Turkey 
1987 
1990 

Ethiopia 
1980 
1984 
1993 
1995 

Firat 87 
Erzurum 89. 
Malazgirt 89 
Sazak 91 
Sayran % 

R 186 
Chalew, Chikol 
MJP 84-7L 
Gudo, Ada'a 

Sudan 
1989 
1994 

Krema- 1 
Ballet 
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Countryfyear Variety 

Forage Legumes 

Australia 
1998 Lathyn~s cicera Chalus 

Cyprus 
1998 V,  narbonensis acc. 568 

Jordan 
1994 Vicin sativa F1,VS - 

7 1 5 ,  I., ochrus 
IFLLO- 1 85, 

Countryfyear Variety 

Forage Legumes (contd.) 

K villosu ssp. dus.ycarpa 
IFLVD 683 

Lebanon 
1997 V, sativa Baraka, 

V. ervillia Amara, 
L,. oicera Jaboulah 

Morocco 
1990 V. sativn ILFVS- 1.8 12 
1992 V. villosa ssp. clasycarpa 

Coun try/y ear Variety 

Forage Legumes (contd.) 

Pakistan 
1997 V. villosn ssp. 

dasycarpa Kuhak-96 
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Publications 
The following list covers, as of the time of going to press, 
journal articles published by ICARDA researchers-many of 
thcm in collaboration with colleagues from national pro- 
grams. Some of the titles published in 1998 but not captured 
for reporting in the Center's Annual Report for that year are 
also included. A complete list ofpublications, including book 
chapters and papers published in conference proceedings, is 
publisbcd separately and is available on request from 
ICARDA. 

Journal Articles 

Akem, C. 1999. Ascockyta blight of chickpea: Present status 
and future priorities. International Joulnal of Pest 
Management 45(2): 13 1 - 137. 

Asaad, S. and A. El-Ahmed. 1999. Improved method for 
detection of Pyrennphura graminea in barley seeds. 
Phytopathologia Mediterranea 38: 144- 148. 

Akcrn, C. and S. Kabbabeh. 1999. Screening for resistance to 
Sclerotinia stem rot i n  chickpea: A simple technique. 
Pakistan Journal of Biological Sciences 2(2): 277-279. 

El-Rouhssini, M., N. Nsarellah: M.M. Nachit. A. Bentika, 0. 
Henlahbib, and S. Lhaloui. 1999. First source of resis- 
tance in durum wheat to Hessian fly (Diptera: 
Cecidomyiidae) in Morocco. Genetic Resources and Crop 
Evolution 46: 107- 109. 

El-Damir, M., M. El-Bouhssini, and N. Al-Salti. 1999. A sim- 
plc screening technique of lentil germplasm for resistance 
to Sitonu criniru.~ H. (Coleopteru: C'ldrculionidae) under 
artificiaI infestation. Arab Journal of Plant Protection 
17(t ): 33--35. [Ar]. (English abstract). 

Erskinc, W. and C. Akem. 1999. Winter cropping and reac- 
tion to cold. Grain Legumes 24: 14-15. 

Bujayl, I., W. Erskine, M. Baum, and E. Pchu. 1999. 
Inheritance and linkage analysis of frost injury in lentil. 
Crop Science 39(3): 639-642. 

Garabet, S . ,  M. Wood, and J. Ryan. 1998. Nitrogen and watcr 
cffects on wheat yield in a Mediterraneall-type climate. 1. 
Growth, water-use, and nitrogen accumulation. Field 
Crops Research 5'7: 309-3 18. 

Grass. L. and M. Tourkrnani. 1999. Mechanical damage 
assessment in rejected durum wheat seed lots in Morocco. 
Seed Science and Technology 27(3): 99 1-997. 

Xlakirn, M.S. and O.F. Mamluk. 1998. Monitoring the pheno- 
types and virulences of Pucci~zia stri$urn2is f.sp. tritici in 
Syria. Phytopathologia Mediterranca 37: 106-1 10. 

Hamwieh, A., K. Makkouk, B. Debs, and A. El-Ahmed. 
1999. Production of specific antiserum to Pseudoaunas 
syringae pv. pisi the causal organism of bacterial blight 
of pea in Syria. Arab Journal of Plant Protection 17(1): 
26-30. [Ar]. (English abstract). 

Hassan, H.T., K.M. Makkouk, and A.A. Haj Kassem. 1999. 

Viral diseases on cultivated legumc crops in Al-Ghab 
Plain, Syria. Arab Journal of Plant Protection 17(1): 17- 
2 1. [Ar]. (English abstract). 

Jenkinson, D.S., 1I.C. IIarris, J. Ryan, A.M. McNcill, C.J. 
Pilbeam, and K. Coleman. 1999. Organic matter turnovcr 
in calcareous clay soil from Syria under a two-course 
cereal rotation. Soil Biology and Biochemistry 3 1: 687 - 
693. 

Jones, M.J. and Z. Arous. 1999. Effect of time of harvest of 
vetch (Vicia sarivu L.) on yields of subsequent barley in a 
dry Mediterranean environment. Journal of Agrono~ny 
and Crop Science 182: 291-294. 

Makkawi. M., M. El Balla, %. Hisbaw, and A.J.G. v m  Gastel. 
1999. The relationship between seed vigor tests and field 
emergence in lentil (Ler~s culinar-is Medikus). Seed 
Science and Technotogy 27: 6.57-668. 

Makkouk, K.M., S.G. Kumari, and B. Bayaa. 1999. First 
report of pea enation mosaic virus affecting lentil (Lens 
culb~aris Medik.) in Syria. Plant Disease 83(3): 303. 
(Abstract). 

Malhotra, R.S., W. Erskine, and J .  Konopka. 1999. Genetic 
resources of chickpea. Grain Legumes 25: 16- 17. 

Manschadi, A.M., J. Sauerborn. H. Stutzel, W. Goebel, and 
M.C. Saxena. 1998. Simulation of faba bean (Vicia faba 
L.) root system development under Mediterranean condi- 
tions. European Journal of Agronomy 9: 259-272. 

Manschadi, A.M., J. Saucrbom, H. Stutzel, W. Goebet, and 
M.C. Saxena. 1998. Simulation of faba bean (Viciu faba 
L.) growth and development under Mediterranean condi- 
tions: model adaptation and evaluation. European Journal 
of Agronomy 9: 273.,293. 

Merah, 0.: P. Monneveux, M. Nachit, and E. Deleens. 1999. 
I,a composition isotopique du carbone, cd3re intkgrateur 
du fonctionnernerlt photosynthetique: Application 5 
l'andlioration gbnktique du bli dur en conditions 
M6diterranc5ennes. [Isotopic composition of carbon, an 
integrating criterium of photosynthetic functioning: An 
application on the genetic improvement uf durum wheat 
under Mediterranean conditions]. Cahiers Agricullurcs 8: 
37-47. [Fr]. 

Oweis, T., M. Pala, and J. Ryan. 1999. Management alterna- 
tives for improved dururn wheat production under supple- 
mental inigation jn Syria. European Journal of Agronomy 
1 1: 255-266. 

Ryan, J.. S. Garabet, A. Rashid, and M. El Gharous. 1999. 
Assessment of soil and plant analysis laboratories in the 
West Asia -- North Africa region. Communications in Soil 
Science and Plant Analysis 30(5/6): 885-8514. 

Sarker, A., J. Kumar, M.M. Rahman, M.S. Hassar~, W. 
Zarnan, M.A. Afzal, and A.N.M.M. Murshed. 1999. 
Registration of 'Barimasur-3' lentil. Crop Science 39: 
1536. 

Sarker, A,,  W. Erskine, I3. Sharma, and M.C. Tyagi. 1999. 
Inheritance and linkage relationships of days to flower 
and morphological Loci in lentil (Lens culinaris Medikus 
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subsp. culinaris). The American Genetic Association 90: 
270-275. 

Sarker, A., W. Erskine. M.S. Hassan, M.A. Afzal, and 
A.N.M.M. Murshed. 1999. Registration of 'Barimasur-4' 
leotil. Crop Science 39: 876. 

Sarker, A., W. Erskinc. M.S. Hassan, W. Mian, and N. 
Dcbnath. 1999. Registration of 'Barirnasur-2' lentil. Crop 
Science 39: 875. 

Shamloul, A.M., A. Hadidi, M.A. Madkour, and K.M. 
Ma.kkouk. 1999. Sensitive detection of banana bunchy 
top and faba bean necrotic yellow viruses from infected 
leaves, in vitro tissue cultures, and viruliferous aphids 
usirig polymerase chain reaction. Canadian Journal of 
Plant Pathology 21: 326-337. 

Singh, M., S. Ceccarellj, and S. Grando. 1999. Genotype ' 
environment interaction of crossover type: Detecting its 
presence and estimating the crossover point. Theoretical 
and Applied Genetics 99: 988-995. 

Tadesse, N., K. Ali, D. Gorfu, A. Abraham, A. Lencho, M. 
Ayalew, K.M. Makkouk, and S.G. Kumari. 1999. First 
report of soybean dwarf virus infecting lentil and beet 
western yellow virus infecting lentil and chickpea crops 
in Ethiopia. Plant Disease 83(6): 589. 

Tadesse. N., K. Ali, D. Gorfu, A. Yusuf, A. Abraham, M. 
Ayalew, A. Lencho, K.M. Makkouk, and S.G. Kurnari. 
1999. Survey for chickpea and lentil virus diseases in 
Ethiopia. Phytopathologia Mediterranea 38: 149-158. 

Udupa, S.M., L.D. Robertson, F. Weigand, M. Baum. and G. 
Kahl. 1999. Allelic variation at ( T U )  in microsatellite 
loci in a world collection of chickpea (Cicer ariefinum 
L,.) germplasm. Molecular and General Genetics 241: 
354-363. 

Zhang, H. and T. Oweis. 1999. Water-yield relations arld 
optimal irrigation scheduling of wheat in the Mediter- 
ranean region. Ag~icultural Water Management 38: 195- 
211. 

Appendix 4 

Graduate Theses Produced with ICARDA's Assistance 
Master's 

DN The Royal Veterinary and Agricultural 
University 

Hereket Tekle (ER). 1999. Genetic structure of barley lan- 
draces adapted to dryland agriculture. 74 pp. 

IT Instituts Agronomiques Mdditerran4en.s 

Ezzeddine Hrnidi (TN). Effet de la salinitk du milieu sur 
l'kmergence, le cornportement hydrique, la croissance, et le 
rendement chez deux varittes de lenille ( k n s  crrlil~aris). 
[Effect of soil sal.inity on the emergence, hydrje behavior. 
growth, and yield of two lentil varieties (Lens cr~linar-is)]. 83 
pp. (In French). 

I JO University of Jordan 

Yonas Sahlu W. Selassie (ET). 1999. Status and quality of 
barley seeds used by the northern and central Ethiopian farm- 
ers. 73 pp. (Arabic summary). 

I SY University of Aleppo 

Aladdin Hamwieh (SY). Bacterial bljght of pea 
(I'seudonzonns syringae pv. pisi) in Syria. 89 pp. (In Arabic, 
English Summary). 

I Housam Obaedo (SY). 1999. Study on thc Septoriosis of 
wheat in Syria: Distribution and importance, etiology, biolo- 
gy, and sources of resistance. 143 pp. (In Arabic, English 
Summary). 

Mohammed Eldamir (SY). Development ol' rearing technique 
for Sitorza crinitus Herbst (Coleoptercr: Curculionidue), search 
for parasitoids in Syria and screening for host plant resis- 
tance. 148 pp. 

Country codes: DN, Denmark; ER, Eritrea: ET, Ethiopia; IT, Italy; JO. Jordan; SY, Syria; TN. Tunisia. 
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Summary). 
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- - - 
rendement chez deux varittes de lentille (Lens c~rlirtaris). 
[Effect of soil sal.inity on the emergence, hydrjc behavior. 
growth, and yield of two lentil varicties (Lens cr~linar-is)]. 83 
pp. (In French). 

Mohammed Eldamir (SY). Development or rearing technique 
for Sitorzn crinitus Herbst (Coleoptem: Curculionidue), search 
for parasitoids in Syria and screening for host plant resis- 
tance. 148 pp. 
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Agreements 

Agreements of Cooperation with International 
and Regional Organizations in 1999 

CARDNE (Regional Centre on Agrarian Reform 
and Rural Development for the Near East) 

4 July 1999.  memorandum of Understanding for 
Collaboration and Coordination between the Kegional 
Centre on Agrarian Rdbmi and Rural 1)evelopment for the 
Near East (CAKDNE) and ICARDA. 

8 June 1999. Memorandum of Understanding between the 
Economic Cooperation Organization (ECO), Tehran, Iran 
and ICARIDA. 

CIHEAM (Centre International de Hautes ~tudes 
Agronomiques MMitterraneennes) 

8 Scptcmber 1999. Agreement for Cooperation between the 
Centre International de Hautes ~ t u d e s  Agronorniclues 
Meditterranknnes (CIXIEAM) and ICAKDA. 

Agreements of Cooperation with National 
Governments and Institutions in 1999 

ARMENIA 

16 September 1999. Agreement of Cooperation, in h e  Pield 
of Agricultural Sciences: between the Ministry of 
Agriculture of the Republic of Arn~enia and ICARDA. 

AZERBAIJAN 

22 June 1999. Agreerner~t of Cooperation between the 
Ministry of Agriculture of the Republic of Azerbaijan arid 
IC ARUA. 

21 June 1999. Agreement of Cooperation between the 
Georgian Academy of' Agricultural Sciences, Republic uf 
Georgia, and ICARDA. 

22 June 1999. Agreement of Cooperation between the 
Ministry of Agriculture and Food, Republic of Georgia, 
arld ICARDA. 

19 October 1990. Agreernenr for Scientific and Technical 
Cooperation between the University of Baghdad. Iraq, and 
IUAKIIA. 

IRAN 

17 October 1999. Agreement of Cooperation betwecn the 
Faculty of Agriculture, University of Technology (JUT), 
Isfahan, Islamic Republic of Iran, and ICARDA. 

KUWAIT 

19 April 1999. Agreement between the Kuwait Institute for 
Scientific Research (KISR), Kuwait and ICARDA. 

19 April 1999. Memorandurn of Understanding between the 
Kuwait Institute for Scientific Research (KISR), Kuwait 
and ICARDA. 

LEBANON 

14 W b r u q  1999. Agreement of Cooperation between the 
American University of Beirut (AUU), I~banon .  and 
ICARDA. 

PALESTINE 

22 June 1999. Agreement for Scientific and Technical 
Cooperation between the Ministry of Agriculture, 
Palestine, and ICAKDA. 
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Restricted Projects 
ICARDA's research program is implemented though 19 
research prujects, as detailed in the Center's Mediurri-term 
Plan. Restricted Projects are those activities that are supported 
by resbicted funding that is provjded separately from the 
Center's unrestricted core budget. Restricted funding includes 
restricted core funding, donor ditectcd core funding (core 
funds directed by the donor to specific activities) and project 
specific grants. The financial contributions by the respective 
donors are reported in Appendix 13. The reports on the activi- 
ties listed are encompassed in thc appropriate sections of the 
body of this Annual Report. During 1999, the following 
Restricted Projects were operational. 

AFRICAN DEVELOPMENT FUND 
Support to ICARDA's research agenda in Africa 

GFESD (Arab Fund for Economic and Social 
Development) 
Technical assistance to ICARDA's activities in Arab coun- 
tries (Postgraduate Research ?'raining and Visiting Scientist 
Program) 

Development of integrated crop/livestock production systems 
in low rainfall areas of the Mashreq and Maghreb rcgions - 
Phase I1 

Arabian Peninsula Regional Prograrn .. Phase I1 

Development of biotechnological research in the Arab States 

AUSTRALIA 
ACIAR (Australian Centre for International 
Agricultural Research) 

Improvement of drought and disease resistance in lentil in 
Nepal, Pakistan, and Australia 

Near isogenic lines for the assessment of pathogenic variation 
in the wheat stripe (yellow) rust pathogen 

Pulse transformation technology transfer 

Improvement of lentil and grasspea in Bangladesh 

Development and conservation of plant genetic resources 
f ~ o m  the Central Asian Republics and associated regions 

Development and use of molecular markers for enhancing the 
feeding value of cereal, crop residues for ruminants 

GRDC (Grains Research and Development 
Corporation) 

Preservation and utilization of the unique pulse and cereal 
genetic resources of the Vavilov Institute 

uli chickpea with large seed s i x ,  high biomass. yield. arid 
Ascochyta resistance 

Selection of faba bean, chickpea, and lentil for resistance to 
luteoviruses 

I Xr~ternational collaboration in barley research between ICAR- 
DA and Write Campus l~iscitutions 

CANADA 
The increasing role of women in rcsource management and 

1 household livelihood strategies 

1 CGIAR Systemwide Programs 
CGIAR Collaborative Program for Central. Asia and 
the Caucasus 

' Program Facilitation Unit 

Germplasm conservation, adaptation, and enhar~ccmcnt for 
diversification and intensification of agricultural production in 
Central Asia and the Caucasus 

On-farm soil and water management fur sustainable agricul- 
lural systems i n  Central Asia and the Caucasus 

Systemwide Initiative on Collective Action and 
Property Rights (CAPRi) 

Community and household-level impacts of institutional 
options for managing and improving rangeland rnclrlagernent 
in the low rainfall areas of Jordan, Morocco, Syria, and 
'Tunisia 

Systemwide Program for Participatory Research and 
Gender Analysis (SP-PRGA) 

Village based pafljcipatory breeding in the terraced rnouritain 
slopes of Yemen 

Systemwide Genetic Resources Program (SGRP) 

Management and characterization of animal genetic resources 
in W A N A  I>evelopment of a regional research program 

Improving the quality and range of data available on 
ICARDA's Plant Genetic Resources Collection (SINGER 11) 

Systemwide Livestock Program (SLP) 

Production and utilization of multi-purpose fodder sh~ubs and 
trees in West Asia, North Africa, and the Sahel 

Systemwide Water Resources Management 
Programme (SWIM) 

On-farm water use 

International. Conference on Water Management 

Systemwide Program on Soil Water and Nutrient 
Management (SWNM) 

International selection, introduction, and fast tracking of kab- I Optimizing soil water use 
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EC (European Commission) 
Nile Valley Regional Program - Egypt Phase I1 

Nile Valley Regional Program Wild Oats Project - Egypt. 
Wild oats control in cereals and othcr winter crops 

Analyzcd climatology of rainfall obtained from satellite and 
surfacc data for tile Medilerranean basin. A version for the 
Eastern Mediterranean region 

Community-level impacts of policy, property rights, and tech- 
nical options in the low rainfall areas of West Asia and North 
Africa 

EGYPT 
Matrouh Resource Management Project 

ESCWA (United Nations Economic and 
Social Commission for West Asia) 
Water use in agriculture 

FA0 (Food and A riculture Organization of 
the United ~ations$ 
Analytical Review of NARS in West Asia and North Africa 

Dryland Pasture, Forage, and Range Newslet~er 

FORD FOUNDATION 
Community and household-level impacts of institutional 
options for managing and improving rangeland management 
in the low rainfall areas of Jordan, Morocco, Syria, and 
Tunisia 

GERMANY 
DNA marker assisted breeding and genetic engineering of 
ICARDA mandated crops 

QTI, analysis by molecular markers of agronomically impor- 
tant characters of barley for dryland conditions 

Integratcd disease rnanage~nent in cereal and legume based 
cropping systems of the West Asia and North Africa region 

Farmer participation and use of local knowledge in breeding 
barley Tor specific adaptation 

Raising efficiency and efficacy of seed production and market- 
ing systcms in the WANA region 

Action research for sustainable ground water use in Syria 

IDRC (International Development Research 
Centre) 
Integrated watcrshed development (Syria) 

Farmer participation in barley breeding - North Africa 
Supplemental irrigation with brackish water in Syria 
Community-level impacts of policy, property rights, and tech- 
nical options in the low rainfall areas of Morocco, Tunisia, 
and Syria 

I Dryland Pasture, Forage and Kange Newsletter 

- - 
IFAD (Internatior nd for Agricultural 
Development) 
Development of integrated cropllivestock production systems 
in low rainfall areas of the Mashreq and Maghreb regioris - 
Phase I1 

West Asia and Norlh Africa dryland durum wheat improve- 
ment network 

Arabian Peninsula Regional Program - Phase 11 

Technical backstopping support program to ongoing IFAD- 
f nanced projects in the Near East and North Africa 

Integrated Feed and livestock production in the steppes of 
Central Asia 

DMPHOS (Institut Mondial du Phosphate) 
Phosphorus fertilizer use efficiency for increased crop pro- 
duction in West Asia arid North Africa 

IRAN 
ICARDAllran - scientific and twhnical cooperation 

IDB (Islamic Development Bank) 
International conference on water resourcc management 

Workshop on participatory research 

ITALY (Donor-Directed Core Funding) 
nurum wheat germplasm improvemerit for increased produc- 
tivity, yield stability, and grain quality in West Asia and 
North Africa 

Barley gemplasm improvement for increased productivity 

Food legume gemplasm improvenlent for increased systems 
productivity: Chickpea improvement 

JAPAN (Donor-Directed Core Funding) 
Rehabilitation and improved management of' native pastures 
and rangelands in dry areas 

Improvement of small ruminant production in dry areas 

Water resource conservation and management for agricultural 
production in dry areas 

NETHERLANDS 
Strengthening client-oriented research and technology dissem- 
ination for sustainable produdion of cool-season food and 
forage legumes in Ethiopia 

Problem-solving regional networks involving cool-season 
food legumes and cereals in the Nile Valley countries and 
Yemen 
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Training in seed technology 

NORWAY (through United Nations 
Environment Programme) 
Wind erosion in Africa and Western Asia - Problems and 
control strategies 

OPEC Fund for International Development 
Devolution of barley breeding to fanners in North Africa 

PAKISTAN 
Cooperation in the Applied Kesearch Componellt of the 
Barani Village Development Project (BVDP) 

SPAIN 
Incorporating resistance to drought arid upgrading the grain 
quality in dururn wheat for the Ibero-Maghrcb region 

Racc identification of Fusari~mm oxysporurn f. sp. cicer-i in 
chickpea in the Mediterranean region 

Exchange of fodder, pasture, and range plant germplasm 

Stabilization of marginal stcep lands in northwest Syria 

SWITZERLAND 
Arid margins of Syria 

Sustainable management of the agro-pastoral resource base in 
thc Uujda Region (Morocco) 

UNDP (United Nations Development 
Programme) 
Yemen: Sustainable Environment Management 

UNDP (United Nations Development 
Programme)/GEF (Global Environment 
Facility) 
Conservation and Sustainable Use of Dryland 
Agmbiodiversity in Jordan, Lebanon, Syria and the 
Palestinian Authority (Regional Component) 

UNEP (United Nations Environment 
Programme) 
Wind erosion in Africa and Western Asia - Problems and 
control strategies 

UNITED KINGDOM (Donor Directed Core 
Funding) 
Food legume gemplasm improvement for incrrased sy stcms 
productivity 

1,and management and soil consewation to sustain the agri- 
cultural productive capacity of dry areas 

Socioeconomics of agricultural production systems in dry 
areas 

DFID (Department for International 
Development) Competitive Research Facility 
Improving the yield potential and quality of grasspea 
(Luthyr~cs salivus I..): A dependable source of dictary protein 
for subsistence farmers in Ethiopia 

UNITED STATES OF AMERICA 

USAID (United States Agency for International 
Development) 

GL-CKSP (Global Livestock Collaborative Research Support 
Program) Assessment Team: CIS modelling tools to predict 
regional trends of rangeland production in Cenwal Asia 

Adaptation of barley to drought and temperature stress using 
molecular markers 

inheritance and mapping of winter hardiness genes in lentil 

Use of entornopathogenic Fungi for the control of Sunn pest 

Feasibility study of use of remote scnsing and image analysis 
for land use mapping and evaluation 

Simulation of phosphorus dynamics in the soil-plant system 

Nutrition, food systems, and poverty 

USAID Agricultural Technology Utilization and Transfer 
Project (ATUT) 

Leveraging an integrated expert systedcrop modelling for 
faml level wheat crop management 

Application of ~nolecular genetics for development of dururn 
wheat varieties possessing high yield potential, rust resis- 
tance, stress tolerance, and improved grain quality 

Development of high yielding, long spike bread wheat culti- 
vars possessing high tiller number, rust resistance, and heat 
tolerance facilitated by microsatellite DNA markers 

USDAIARS (United States Department of Agriculture, 
Agricultural Research Service) 

Central Asian range and sheep evaluation 

WORLD BANK 
Genetic transformation of barlcy for improved stress resis- 
tance at the All-Russian Research Institute of Agricultural 
Hiotechnology 

REPUBLIC OF YEMEN 
Agriculture Sector Management Support Project (ASMSP), 
Yemen 
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)n in Advanced 
Research 
Thc following are ICARDA's collaborative activities with 
advanced research institutions regardless of funding source. 

ACSAD (Arab Center for the Sfadies of Add Zones and 
Dry Lands) 
- Joint workshops, conferences, and training. 
- Exchange of gcrmplasm. 
- Coopcration in formulation of research programs for UN 

Convention to Combat Desettification (CCI3) Sub- 
Regional Action Program on Cornbaling Desertification 
m d  Drought in Western Asia. 

- Cooperation in providing technical backs.topping and train- 
ing requested by  he National Components of the 
GEFAJNDP Project on "Conscrvation and Sustainable Use 
of Uryland Agro-Biodiversity in Jordan, I ,ebanon, 
Palestinian Authority, and Syria." 

CIAT (Centro International de Agricultura Tropical) 
- ICARDA is participating in the Systemwidc Program on 

Soil Water and Nutrient Management and in the 
Systemwide Program on Paiticipatory Keseach and 
Gender Analysis for Tectinology Development, both coor- 
dinated by CLAT. 

- Joint dcveloprnent of CGIAR Systemwide Microbial 
Genetic Resources Database. 

- Cooperation in joint project on dcvclopment and use of 
molecular genetic markers for enhancing the feeding value 
of cereal, crop residues for ruminants. 

CIHEAM (International Center for Advanced 
Mediterranean Agronomic Studies) 
- Joint training courses and information exchange. 
- Collaboration in an analytical review of NARS in WANA. 
- Study of the tolerance of ICARDA mandate crops to 

salinity at CIHEAM-Rari. 

CIMMYT (International Center for the Improvement of 
Maize and Wheat) 
- CIMMYT/lCAKI)A Joint Dryland Wheat Program. 
- CIMMYT has seconded two whcat breeders to ICARDA. 
- ICAIPDA has seconded a barley breeder to CIMMYT. 
- CIMMYT's outreach program in Turkey and ICARDA's 

Highland Regional Prograrn share facilities in Ankara, 
Turkey and collaborate in a joint hcultative wheat 
improvement program. 

- ICARDA and CNMYT jointly coordinate a durum wheat 
research network encompassing WANA and southern 
Europe. 

F A 0  (Food and Agriculture Organization of the United 
Nations) 
- ICAKDA participates in the Inter-agency Task Forces 

convened by the FAO-RNE (FA0 Regional Office .for the 
Near Bast). 

- lCARDA and FA0 are co-sponsors of AARINENA. 
- lCARDA participates in FAO's AG1,INET cooperative 

library network, AGRIS, and CARIS. 
- Collaboration in an analytical review of NARS in WANA. 
- Joint training courses, workshops. and exchange of infor- 

mation. 

AEA (International Atomic Energy Agency) 
- Management of nutrients and water in rainfed arid and 

semi-arid areas for increasing crop production. 

ICRISAT (International Crops Research Institute for the 
Semi-Arid Tropics) 
- ICARDA and ICRlSAT cooperate in a joint kabuli chick-. 

pea improvement program. 
- ICARDA and ICRISAT are co-convenors of the thernc 

Optimizing Soil Water Use within the Systemwide 
Program on Soil Water and Nutrient Management. 

- lCARDA is collaborating with ICRISAT on insect pests 
of grain legumes within the Systernwide Program on 
Integrated Pest Management, and an Multipurpose Fodder 
Shrubs and 'I'rees (see below, under ILRI). 

- Coopcrarivc task force on wind erosion in Africa and 
Western Asia. 

IFPRI (International Food Policy Research Institute) 
- ICAKDA collaborates with IF'PRI h the Systernwide 

Program on Property Rights and Collective Action. 
- Collaboration in policy and propeity rights research in 

WANA: ICARDA hosts two joint ICARDAflWRI 
appointed Research Fellows. 

- Collabol.ation within SGRP framework in the develop- 
ment of a costing study of ICARDA genebank operations. 

IITA (International Institute of Tropical Agriculture) 
- ICARDA is collaborating with TITA on parasitic weeds 

within the Systemwidc Program on Intcgratcd Pest 
Management. 

- Joint development of CGIAK Systemwide Microbial 
Genetic Resources 13atabase. 

ILRI (International Livestock Research Ins$itute) 
- ICARDA is thc convening center, in collaboration with 

ILRI and ICRISAT! for a program on Production and 
Utilization of Mulli-purpose liodder Shrubs and Trees in 
West Asia, North Africa, and ihe Sihcl as part of the 
Systenlwide Livestock Program on Feed Resources 
Production and Utilization coordinated by DLIRX. 

- Joint dcveloprnent of CGIAR Systemwide Microbial 
Genetic Resources Database. 
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- Cooperation in joint prqject on development and use of 
molecular genetic niarkers for enhancing the feeding value 
of cereal crop rcsidues for rt~minants. 

- ILRI is a partner in a project on integrated feed and live- 
stock production in the steppes of Central Asia, coordinat- 
ed by ICAKIIA. 

IPGKI (International Plant Genetic Resources Institute) 
- TCARDA hosts and services the IPGRI Office for Ce~ltral 

& West Asia and Norlh Africa. 
- ICAKDA participates with other CG Cer~ters in thc 

Syslemwide Genetic Kesources Program, coordinated by 
IPGRI. 

- ICARDA cooperates with IPGKI i n  providing technical 
backstopping and training requested by the National 
Conlpvrients of thc GEFIIJNDP Project on "Conscrvation 
and Sustainable IJse of Dryland Agro-Biodiversity in  
Jordan, Lebanon, Palestinian Authority, and Syria." 

- ICARDA collaborates with IPGRI in two sub-regional 
networks on genetic resourccs (WANANE'I' and 
CATNIPGK). 

I R N  (International Rice Research Institute) 
- Joint development of CGIAR Systemwide Microbial 

Genetic Resourccs Database. 

lSNAR (International Service for National Agricultural 
Research) 
- ICAKDA and ISNAR cooperate in research ~t~anagement 

for NARS in WANA. 
- TCARDA and JSNAK are co-sponsors of AARINENA. 

IWMI (International Water Management Institute) 
- ICARDA is the cortverlirlg Ccntcr for n Project on 

Efficient Use of Water in Agriculture within the 
Systemwide Watcr Resources Management Program coor- 
dinatcd by IWMI. 

- ICARDA and IWMI co-spo~lsored the International 
Conference on Water Resources Management, Use and 
Policy in Dry Areas. Decernber 1999. 

UNEP (United Nations Environment Programme) 
- Cooperative task force on wind erosion in Africa and 

West Asia 

WMO (World Meteorological Organization) 
- Coopcrativc task force on wind erosion in Africa and 

West Asia. 

AUSTRALIA 

Australian Winter Cereals Collection, l'amworth 
- Developmcnt and conservatio~~ or plant genetic resources 

i n  the Central Asian Republics. 

Australian Temperate Field Crops Collection, Horsham 
- Dcvclop~nent and conservation of plant genetic resources 

in the Central Asian Republics. 

IJniversity of Adelaide, CRC for Molecl~lar Plant 
Breeding, Waite Campus 
- lx~ternational collaboration in barley research. 

Charles Sturt University, NSW 
- Soil physical characteristics in relation to infiltration and 

surface evaporation ~lnder cor~ventional and no-till opera- 
tions. 

CLIMA (Centre for Legumes in Mediterranean 
Agriculture) 
- Improvement of lentil and grasspea in Bangladesh. 
- Faba bean germplasm ~nultjplicatioil. 

' - Ccslnplas~n testing and assessnient of anti-nutritional fac- 
tors: Lathyru.~ spp. and Vicia ssp. 

- International selection, introduc~ion, and fast tracking of 
kabuli chickpea. 

- Development and conservation of plant genetic resnur.ces 
in the Cential Asian Rep~~blics. 

- Preservation of tile pillse and cereal genetic resourccs of 
the Vavilov Institute. 

- Pulse transfornation technology transfer. 

La Trobe University 
- Developn~ent and use of molecular genetic markers for 

enhancing the feeding value of ccrcal crop residues for 
rurninan ts. 

NSW Agriculture, Agricultural Researdi Centre 
- Duru~n wheat improvement. 
- Selection of legurrle germplasm for virus disease resis- 

tance. 

Plant Breeding Institute, I!niversity of Sydney 
- Near-isogenic lines for the assessment of patl~ogenic vari- 

ation i n  the wheat stripe (yellow) rust pathogen. 

Victorian Institute for Dryland Agriculture 
- lmprovenienr of drought and disease 1,esistance in lentils 

from the Indian subcontinent. 
- Improvement oF lentil and grasspea in Bangladesh. 

I AUSTRIA 

Federal Institute for Agrobiology, Iinz 
- Safety duplication of ICARDA's lcguil~e gennplasrn col- 

lection. 

I BELGIUM 

University of Ghent 
- Assessment of Vicia sariw and Lnthyrus sativus for neu- 

rotoxirl content. 

University of Lellven 
- Participatory agsuccological characteri~ation. 
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CANADA 

Canadian Grain Commission, Winnipeg 
- nevcloprnent of techniques for evaluating the quality of 

bat-ley, durum wheat, and food legumes. 

Concordia University, Montreal, and University of 
Moncton 
- Development of an optimization model for water harvest- 

ing in Jordan. 

University of Guelph, School of Rural Development and 
Planning 
- Gcnder and properEy rights. 

McGill University 
- Collaborative project on the use of brackish water in sup- 

plerncntal inigation in Syria. 

University of Saskatchewan, Saskatoon 
- Information services on Lentil, including publication of 

LENS Newsletter. 
Evaluation of chickpea gcrmplasm and their wild relatives. 

DENMARK 

Royal Veterinary and Agricultural University, 
Copenhagen 
- Diversity in barley landraccs. 

Risoe National Laboratory, Plant Biology 
Biogeochemistrp Department 
- QTL analyses in barley. 

FRANCE 

CIRAD (Centre de Coopkation Internationale en 
Recherche Agronomique pour le D&veloppement) 

- Hioeconomic and community modeling studies in WANA. 

Institut National de la Recherche Agronornique (INKA) 
- Association of molecular markers with morphophysiologi- 

cal traits associated with constraints of Mediterranean dry- 
land conditions in durum wheat (with &ole Nationale 
Superieurc d'Agronornie (ENSA), Montpelljer, and 
ENSA-INRA, Le Rheu). 

- Studies on genetic markers in blood and milk of Syrian 
goats (Laboratoire de Ginktique Biochirnique et de 
CytoginCtiquc, INKA, Joy en Josas). 

- Water balance studies in cereal-legume rotations in semi- 
arid Mediterranean zone (with Hioclimatology Research 
Unit of INRA, Thiverval-Grigon). 

Institut Francais dr Recherche Scientifique pour 1e 
DCveloppement en Coop6ration (ORSTOM) 
- Cooperation in the estab1ishmt:nt of a network on water 

information. 

Maison de I'Orient Mbditerrankn, UniversitL Lyon 
- Ilistory of agricultural and pastoral production systems 

and the rnanagemcnt of agricultural and pastoral resources 
in the Middle East and North Africa. 

UniversitC Paris-Sud, Labo Morphogknkse Vbgbtale 
Experimentale 
- Production of doubled haploids in bread wheat and barley. 

GERMANY 

University of Bonn 
- Q'rL analysis in barley. 

University of Frankfurt am Main 
- Development and use of DNA ~nolecular ~nark t r s  for indi- 

rect selection in chickpea. 

Giessen University 
- Sustainable management of a Mediterranean type agro- 

ecosystem: Results frorn crop simulation studies. 

University of Gottingen 
- 13evelopment of wheat germplasrn with mulliple disease 

resistance. 
- Use of chemical stimulants to itnprovc drought tolerance 

in lentil. 

University of Hanuover 
- Development of transformation protocols for chickpea and 

lentil. 

University of Hohenheim 
- Barley market stutlies and economic assessment of grain 

and straw quality arld morphological traits. 
- Straw quality: breeding and evaluation lnethods (near- 

infrared reflectance and histochemistry). 
- Si~nulation studies on the sustainability of Mcditerralean 

cropping systenls. 

University of Karlsruhe 
- Use of remote sensing and GIS for idcntification of water 

harvesting sices. 

University of Kiel 
- Assessment of information needs for development of 

water management models. 
- Institutions of supplemental irrigation. 

ITALY 

Institute of Nematology, Bari 
- Studies of parasitic nematodes in food lcgumes. 

Catania University 
- [>eveloping a decision support system fos miligation of 

drought impacts in Mediterranean regions. 
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University of Genova 
- Analysis of the climatology of rainfall obtained from 

satellite and surface data for the Mediterranean basin. 

University of Naples 
- Development of transgenic ct~ickpea resistant to 

Ascochyta blight. 

University of Tuscia, Viterbo 
- Diversity of storage proteins in durum wheat. 

University of 'l'uscia, Viterbo; Germplasm Institute, Bari; 
ENEA, Home 
- Evaluation and documentation of durum wheat genelic 

resources. 

JAPAN 

Japan International Cooperation Agency (JICA) 
- Collaborative research on small ruminant health. 

Japan Internationat Research Cerrter for Agricultural 
Sciences (JIRCAS) 
- Resource managewent: mapping of soil loss: feed 

resources, and vegetation loss in crop/range/livestock sys- 
lem of northeastern Syria. 

Gifu University, Faculty of Agriculture 
- Assessment of the adaptive role of plant color and cllloro- 

phyll ah ratio in barley. 

Kyoto University 
- Collaboration in n~olecular characterization of wheat wild 

relatives. 

NETHERLANDS 

ISRIC (International Soil Reference Information Centre) 
- Collaboration on modellir~g soils in GIs. 

WAU (Wageningen Agricultural University) 
- C'ollaboration on land degradation research in Syria. 

POLAND 

IUNG (Institute of Soil Science and Plant Cultivation) 
- Collaboration on research in soil strength parameters. 

PORTUGAL 

Estado National de Melhoramerlto de Plantas, Elvas 
- Screening ol'wbeat for resistance to yellow rust, scald, 

Septoria, and powdery mildew. 
- Developing lentil, faba bean, chickpea, arid forage 

legumes adapted to Portugal's conditions. 

RUSSIA 
Krasnodar Eukyanenko Research Institute 
- Development of winter and spring barley for the continen- 

tal highlands of Central. Asia and the Easteni States of the 
former Soviet Union. 

All Russian Institute of Agricultural Biotechnology, 
Moscow 
- Establishment of barley transforn~ation system. 

The N.I. Vavilov All-Russian Scientific Research Institute 
of Plant Genetic Resources (VIR) 

- Genetic resources exchange, joint collection missions. and 
collaboration in genetic resources evaluation and docu- 
mentalion. 

SPAIN 
INIA (Instituto Nacional de Investigaci6n y Tecnolugia 
Agraria y Alimentaria) 
- Barley stress physiology (with University of Barcelona). 
- Improvement of drought tolerance and semolina and pasta 

quality of durum wheat (with University of (16rdoba; 
Jerez de la Frontera; University of Barcelona; Centre Udl- 
IRTA. Lleida). 

- Race identification of hsuriurn oxysport4m f.sp, ciceri in 
chickpea in the Mediterranean region (with University of 
CBrdoba). 

- Exchange of fodder, pasture and range plant germplasm. 
- Reclarnalion of marginal soils. 
- Stabilization of marginal steeplands. 

SWITZERLAND 

University of Rern, CDE (Center for Development and 
Environment) 
- WOCAT (World Overview of Conservation Approaches 

and 'I'echnologies) Network. 

Institut Universitaire d ' ~ t u d e s  du D6veloppement (IUED), 
Geneva 
- History of ag~.icultural and pastoral production systems and 

the management of agricultural and pastoral. resources in 
the Middle East and North Africa. 

Station Federale de Recherches Agronomiques de 
Changins (RAC) 
- Duplicatiorl o f  Lathyrus genetic resources and data. 

UNITED KINGDOM 

University of Birmingham 
- Botanical surveys and assessnient of cornrnunal pastures 

in Turkey. 
- Joint study tour in Lebanon and Syria on eco-geographic 

survey of vegetation. 
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Bristol University 
- Analysis of the cli~natology of rainfall obtained from 

satellite and surface data for the Mediterranean basin. 

University of Reading 
- Gender analysis in the agricultural systcms of WANA. 

Scottish Crop Research Institute 
- Use of microsatcllite markers lo characterize barley 

Silsoe College 
- ICAKnA is providing consultancics in support of the 

Jordan Arid Zone Productivity Ilroject implemented by 
Silsoe College. 

UNITED STATES OF AMERICA 

University of California, Riverside 
- Uiodivcrsity of wheat wild relatives. 

University of California, Davis 
- GL-CKSP (Global Livestock Collaborative Research 

Support Program): rangeland production and utilization in 
Central Asia. 

- Developing chickpea cultivars with resistance to 
Ascochytu blight. 

- Study of genctic diversity in natural populations of 

Colorado State University 
- Testing for stripe rust in barley 

Cornell University, Ithaca 
- Use of molecular markers for gCnU1TlC mapping and mark- 

er-assisted selection for stress resistance in durum wheat. 
- RNA finger-printing in barley. 

DuPont Agric. Biotechnology 
- L)evelopment of EST markers in wheat and lentils. 

University of Massachusetts, Amherst 
- Child nutrition in rural areas of Syria. 

Micbigan State University, East Lansing, Michigan 
- Simulation of phosphorus dynamics in the soil-plant sys- 

tem. 
- Integrated expert systems/crop modelling of wheat crop 

management. 

Nortb Carolina State University, Department of Statistical 
Genetics, Raleigh, North Carolina 

- QTL estimation for disease data. 

Oregon State University 
- Molecular mapping of barley within the North America 

Rarlcy Ger~orne Mapping project. 
- Identification US niolecular markers associated with resis- 

tance to diseases of barley. 

Texas A&M University, Blacklands Kesearch Center 
(BRC-TAMU), Temple, Texas 
- Development of an Almananc Characterization Tool 

(ACT) for S ysia. 

Texas Tech University, Plant Molecular Genetics 
Laboratory, Lubbock, Texas 
- Adaptation to drought arld lemperature stress in barley 

using molecular markers. 

USDMAKS (US Deyartment of Agriculture, Agriculturd 
Research Service), National Germplasm Resources 
Laboratory 
- Production of PCR prinlers for detection of viruses. 

USDNARS Bdtsville Agricultural Research Center, 
Beltsville, Maryland 
- Development of bread wheat cultivars facilitated by 

microsatcllite DNA markers. 

USDAlARS Range Sheep Production Efficiency Unit 
(KSPEU), Dubois, Idaho 
- Central Asian rangeland and sheep evaluation. 

USDAJARS Forage and Range Research Laboratory 
(FRRL), Logan, Utah 
- Central Asian rangeland and sheep evaluation. 

USDA/AHS Grain Legume Genetics and Physiology 
Research, Washington State University 
- Gene mapping of economic traits to allow marker-assisted 

selection in chickpea and lentil. 
- Exploitation of existing genetic resources of food 

legumes. 
- Genetics of winter hardiness and adaptation of lentil to 

cold highland areas. 

USDNARS Western Kegional Plant Introduction Station, 
Pullman, Washington 
- Conservation of temperate food, pasture and forage 

legume biodiverdty. 

Utah State University 
- GL-CRSP (Global Livestock Collaborative Research 

Support Program): rangeland production and utilization in 
Central Asia. 

University of Vermont 
- Use of entornopathogenic fungi for the conwol of Sunn 

pest in West Asia. 

University of Wisconsin, Idand Tenurc Center, Madison 
- Livestock and rangeland policy and property righcs in 

Cenwal Asia. 

Yale University, Center for Earth Obscrvatfons 
- Feasibility study of use of remote sensing and image 

analysis for land use mapping and evaluation. 
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rch Nc ' ~ r k s  Coordinated by ICARDA 
Title ObjectivesIActivities Coordinator Countries1 Donor 

Institutions Supporl 
Involved 

1ntematiokI & Regional Networks 
International Germplasm Dissemination of barley, durum and Germplasm 52 countries ICARDA 
Testing Network bread wheat, lentil, kabuli chickpea, faba Program worldwide, core funds 

bean, verches, and chickhngs advanced CIMMYT 
lines, parental lines and segregating pop- 
ulations developed by ICARDA, CIM- 
MY?: and ICKISA?', and by national 
programs themselves. Feedback from 
NARS assists in developing adapted 
germplasm for national programs and 
providcs a better understanding of geno- 
type ' environment lnteractjon and of Ihe 
agroecological characteristics of major 
cereal production areas. 

SEWANA (Southern Europe Dumm breeder and crop improvement 
and WANA) Durum Wheal scientists from southern Europe, West 
Research Network Asia and North Africa (SEWANA) com- 
WANADDIN (WANA plernent each other's activities in devel- 
Dryland Dururn oping techniques and breeding material 
Improvement Network) of durum wheat adapted to the 

Mediterranean environment and wirh 
high grain quality. 

Germplasm 
Program 

Soil Fertility Network To standardize methods and exchange Natural 
information and results from research on Resource 
soil fertility, soil management, and fertil- Management 
izer use. Program 

Dryland Pasture and Forage Communication linkages among pasture Natural 
Lcgurnc Network forage and livestock scientists in WANA. Resource 

Management 
Program 

W m A  Plant Ger~etic 
Resources Network 
(WANANET) 

Working groups specify priorities in 
plant genetic resources; identify and 
irnplerncnt collaborative projects; imple- 
merit regional activities. 

ICARDA 
Genetic 
Resources Unit 
and lPCiRl 
Regional 
Officc for 
CWANA 

Algeria, Jordan, ICARDA 
Lebanon, core funds, 
Morocco, France, 
Tunisia, Turkey, Italy, IFAD 
Syria, France, 
Greece, Italy, 
Spain, Canada, 
USA 

Algeria, Cyprus, ICARDA, 
Egypt, Iran, IMPHOS 
Iraq, Jordan, 
Lebanon, Libya, 
Morocco, 
Pakistan, Syria, 
Tunisia, Turkey. 
Ye~nen 

WANA, Eumpe, ICARDA, 
USA, Australia CIHEAM, 

CLIMA, 
FAO-RNE, 
IDRC, 
USAID 
(CKSP) 

WANA coun- ICARDA, 
tries, IPGRI, IPGRI, FA0 
FAO, ACSAD 



Appendix 8 (contd.) 79 

Research Networks Coordinated by ICARDA 

Title Coordinator Countries/ Donor 
Institutio~~s Support 
Irivolved 

Faba Bean Information 
Services (FABIS) 

Collection and dissemination of worldwide Germplasm 
infonnation on faha b a n ,  chickling, and Pxogran~; 
vetch to facilitate communication between Communication, 
research workers. 1;ABIS Newsletter; spe- 1)ocumentation 
cialized bibliographic journals; research and Information 
workers' directory. Services 

Worldwide ICARDA 
core funds 

Worldwide ICARDA 
core funds 

Lentil Experimental News Collection and dissemination of worldwide Ciermplasm 
Services (LENS) information on lentil to facilitate communi- Program; 

cation between research workers. LENS Cornmimication, 
Newsletter; specialized bibliographic jour- Documentation 
nals; research workers' directory. and Information 

Services 

RACHIS Collection and dissemination of worldwide Germplasm 
infonnation on wheat and barley to hcili- Program; 
tate communication between research Communication, 
workers. RACHIS newsletter; specialized Documentatior~ 
bibliographic journals; research workers' and Information 
dircc t ory. Services 

Worldwide ICARDA 
core funds 

WANA Seed Network Algeria, ICAKIIA, 
Morocco, Iraq, Germany 
Cyprus, Turkey, (GTZ), 
Jordan, Syria. Netherlands 
Egypt, Sudan, 
Libya, Yemen 

Encourages (1) stronger regional seed sec- ICARDA Seed 
tor cooperation, (2) exchange of informa- Unit 
tion, (3) regional consultations, and (4) 
inter-country seed trade. 

Agricultural Infomiation Improving national and regional capacities Communjcation, 
Network for WANA (AIN- in infonnatiorl management, preservation. Documentation 
WANA) and dissemination. and Information 

Services 

WANA coun- 
tries, CIHEAM, 
XSNAR 

N e m  o p t i n g  under the Nile Vdey and Red Sea R m  PPogL.orna (WRSRP): 

Sources of Primary Determine disease development of leaf and AKC/Egypt 
inoculum of Stem and Leaf stem rusts in relation to weather data. 
Rusts of Wheat: Their Identify prevailing races and the pathways 
Pathways and Suurces of of pathogens. Identify wheat gemplasm 
Resistance with effective resistance genes. Identify 

primary sources of inoculum. Contribute to 
overall breeding strategy. 

Egypt, Ethiopia, Netherlands 
Sudan, Yemen, (I3GIS) 
XCARDA 

Management of Wilt and Identify sources of resistrulce to wilt and 
Root Rot Diseases 01 Cool- root-rots. Incorporate resistance into 
Season Food Legumes gemplasm with suitable characteristics. 

Egypt, Ethiopia, Ncthcrlands 
Sudan, (DGTS) 
ICARDA, 
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Research Networks Coordinated by ICARDA 
- -- ,- - - - - - . -- - 

-- - - - - - - - - - - - - . - 
.- - - - 

Title Objectives/Activities Coordinator Countries/ Donor 
Institutions support 
involved 

Provide segregating populations to NARS 
to select under their own conditions. 
1)evelop strategy for multiple disease resis- 
tance. Identify races in hsariutn wilt 
pathogens. Studies on other components of 
intcgrated disease management. 

Socioeconomic Studies on Monitoring and evaluation of technology 
Adoption and Impact of transfer to farmers with respect to adoption 
Improved Tcchuologies levels and identification of factors influ- 

encing adoption; impact of improved tech- 
nology on farm-income levels arid produc- 
tion; effect of policy and institutional fac- 
tors on technology transfer and adoption. 

Egypt, Ethiopia, Netherlands 
Sudan, Yemen, (DGIS) 
ICARDA 

Barley Networks operating under the Latin America Regional Program (LARP): 

Development of Stripe Rust Producing barley resistant to stripe rust ICARDA Barley Oregon State ICARDA & 
Resistant Barley using the double haploid method (DH). DH Breeder Univ., Latin CIMMYT 

lines produced by Oregon State University, American core funds 
field tested in Mexico, and superior culti- NARS, 
vars distributed to NARS. CIMMYT 

Development of Hull-less 
Barley 

Development of Barley 
Yellow Dwarf (RYD) 
Resistant I .ines 

Develop high-yielding bull-less cultivars ICARDA Barlcy CIMMY'T, 
and improve their nutritional value, pro- Brccder Canada, 
ducing cultivars with high energy and low Australia, 
fiber. Colombia 

ELISA testing of barley lines. Yield testing ICARDA Barley CIMMYT, 
of identified resistant lines in Laciri Breeder Chile, 
America. International testing in Chile, Ecuador, Kenya 
Ecuador, and Kenya where disease has 
reached epidemic proportions. 

Development of Gcrmplas~n Development of scab-resistant bwley with lCARDA Rarley CIMMYT, 
Resistant to Scab and Barley tolerance to BYM for China. Breeder China 
Yellow Mosaic Virus 
(BYMI 

Developnient of Barley 
Lines Resistant to Spot 
Blotch Caused by 
Helminrhosporium sativum 

Crossing sources of resistance identified in ICAHDA Barlcy CIMMYI', 
Thailand and North Anierica. International Brccder Vietnam, 
field testing in Thailand, Vietnam, Uganda. LJganda, 

Thailand 

lCARDA & 
CIMMYT 
core funds 

ICARDA & 
CIMMY'L' 

ICARDA & 
CWIMYT 
core funds 

ICARDA & 
CIMMYT 
core funds 

Development of Leaf Rust Network of researchers investigating leaf 
Resistant Barley rust resistance. 

ICARnA Barley Virginia Tech., I C U D A  & 
Breeder North Dakota CIMMY?' 

State, CIMMYT, core funds 
Lath American 
NARS 
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ICARDA International 
School of Aleppo 
The ICARDA International School of Aleppo (IXSA) 
is a co-educational day school sponsored by ICAR- 
DA. The School offers a high quality, internationally 
accepted program, primarily for the children of 
I C W A  employees. Currently, there are 280 stu- 
dents enrolled in grades K-12 representing 37 coun- 
tries. Approximately one-third of the students are 
ICARDA-sponsored, with the remainder coming 
from the Aleppo community. 

The School is governed by the School 
Management Committee (SMC) which is appointed 
by the Director General. There are over 30 full-time 
teachers of whom two-thirds are hired internationally 
while one-third are recruited from the local comrnu- 
nity . 

The School is  houscd in what is called Office 
One, a delightful four-hectare site in the Aazarnieh 
suburb of Aleppo. The school shares this site with the 
residence of the Director General and the ICARDA 
Sports and Social Club. The School facilities include 
two large converted residential buildings and two 
purpose-built buildings. Sports facilities are shared 
with the Sports Club. 

The School is fully accredited by the Middle 
Statcs Association of Colleges and Schools. It is an 
approved examination center for the International 
Baccalaureate (13) and the International C~neral  
Certificate of Secondary Education (IGCSE). All stu- 
dents work towards a US-style high school diploma 
and approximately two-thirds of graduating students 
also attempt the acadcrnically rigorous IB diploma. 

In 1999, there was a 90% pass rate for all gradu- 
ating students who attempted the IB diploma; the 

average score of diplo~na students was a very cred- 
itable 33 points, the same as the previous year. 
Results of the TGCSE examinations, mostly taken by 
students in Grade 10, were also very pleasing. 

During the acaderrlic year 199811 999, the School 
maintained its broad curriculum for students of all 
ages. In the Elementary School, the resource teacher 
provided assistance for 27 elementary students in 
need of extra help, wtule in the high school the new 
business course proved very popular among the stu- 
dents. The School commenced its new curriculum 
development cycle with the publication of rrew math- 
ematics and science curricula. 

'The School mounted a variety of special events 
including an Elementary Halloween Carnival, 
International Week, Science Fair, and a new 
Language Aftcmoon. 

The number of extra-curricular activities offered 
to students was expanded. The Student Government 
and Honor Society were especially active, and stu- 
dent sports teams participated in several international 
tournaments organized by the international Schools 
Activities Conference (ISAC). The Parent Teacher 
Association (PTA) organized several successful 
social events for the school community. 

School facilities continue to be improved. 
Acoustics in thc new auditorium were greatly 
improved by adding wall panels and textile hangings 
to dampen the sound. 'The campus was wired for a 
Local Area Network and 29 new computers were 
ordered. By the end of the academic year, all class- 
rooms were alr-conditioned. A new irrigated sports 
field shared with the ICARDA Sports Club was 
opened. 

Fiscal management of the school remains tight 
and the school ended the academic year 1998/99 with 
an operational surplus. 
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Visitors to ICARDA 
In 1999, the Center received 2301 visitors in 636 groups from 
54 different countries representing more than 145 national. 
international and private organizations from all over the 
world; 77.7% from WANA, 10.3% from Burope, 6.6% from 
areas in Asia and Africa other than WANA, and 5.4% from 
the IJSA, Australia, and Canada. The visitors included minis- 
ters of ag~iculturr,, parliament members, ambassadors, senior 
government ufficials, representatives of donor organizations, 
media personnel, researchers, extension specialists, farmers, 
representatives of farmers' unions, trainees, and students. 

Among the distinguished visitors during 1999 were: 
H.E. Hashem Shbool, Minister of Agriculture, Jordan 
H.E. Hikmat &d, Minister of Agriculture, Palestine 
H.E. Pascal Couchepin, Mir~ister of Economic Affairs, 

Switzerland 
H.E. John Waterbumy, President, American University of 

Beirut, Lebanon 
Drs Mohamcd A. Nour and Nasrat Fadda, 

former ICARDA UGs 

- "1 
n.?% 

L 

m 
0 WANA I Europe 

Asia, Afnca except WANA 
USA. Australla, Canada 

I nf visitnrn I 
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Statement of Activity 
(USD x 000) 

(USD x 000) 
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Statement of Activity 
TakZrcp a Closer Look 

1 -Erpendltrrre by Expense Cabgory for *I999 
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Board of Trustees 
At its annual, meeting held on 15 and 16 August 1999 at 
ICARDA. Aleppo, the Hoard of Trustees approved the 
appointment of Kh Hassan Al-Ahmed, host country reprcsen- 
tative of Syria, and Dr Salman A. El-Sudairy, of Saudi 
Arabia, for a 3-year term starting ~mrnediately after thc 1999 
anriud Board meeting. 

Dr Mouin Hamze, the host country representative of 
Lebanon, and Dr Iwao Kobori, who respectively completed 
their fourth and first 3-year terms on the Board, were re- 
clccted for anocher 3-year term starting immediately after the 
1999 annual Board meeting. 

Drs Raoul Dudal, John C. Davies, and Dr Mouin Harn7e 
were elected as Chairpersons of the Prog~am Committee, 
Audit Committee, and Nomination Committee, respectively. 

Thc Board of Trustees also approved the appointment of 
Dr Seyfu Ketcma, Director General of Ethiopian Agriculture 
Research Organizauon (EARO), as a member of the Board 
for a term of three years starting immediately after the 2000 
anr~ual Board meeting. The CGIAR confinned Dr Keterna as 
its nominee. 

Drs Alfred Bronnirnann, Board Chairperson; William 
Konnie Coffinan, Program Committee Chairperson; and 
George Some, member of ICARDA's Board, completed their 
term of office in August 1999. The Board expressed its deep- 
est appreciation and gratitude for their valuable contribution 
to the development and progress of ICARDA. The departing 
trustees had joincd the Board in 1994. 

Mr Robert Harvener was elected as che Chairperson of 
the Board of Trustees. 

Dr Hassan El-Ahmed 

Dr Salman A. Al-Sudairy 
Dr Salman A. Al-Sudairy, of Saudi kabia ,  was Deputy 
Governor of Arnarat Al-Jouf between 1991 and 1999. His 
responsibilities included monitoring and assessing the perfor- 
mance of the different public agen- 
cies in the region, promoting the 
region and its potential, implementing 

Dr Hassan El-Ahmed took his 
Ph.D. in agricultural cconomics in 
1973 from the Soviet Union. He is 
currently Ileputy Minister of 
Agriculture and Agrarian Kefom, 
Syria, and is responsible for animal 
productivity research, land, imga- 
tion, training, extension services, 
and forcstry. Earlier he held the 
position of Director, Agricultural 
Research Center, and was a senior 
staff at the Directorate of Planning and Statistics, Syria. 
Between 1977 and 1985, Dr El-Ahmed worked in different 
Syrian companies dealing with food production. 

Dr El-Ahrned has traveled extensively in Europe and the 
Middle East where he has attended mwtings and conferenccs 
on cereal improvement, disease control, and dcsertification. 

Dr El-Ahmed brings to the Board of Trustees a wide 
knowledge and experience of agriculture in the WANA 
region. 

changes to the structure of the organi- 
zation and supervising the financial 
and personnel matters. 

Dr Al-Sudairy was also 
ProjecVGeneral Manager of A1-Jouf 
Mineral Water Bottling Company 
(1983- 1985) where he conducted and 
implemented market and technical 
analysis and dealt with the Saudi 
Industrial Development Fund. 

Dr Al-Sudairy received his M.Sc. (1986) and Ph13 (1991) 
in Accounting from the University of Texas at Austin. where 
he specialized in Financial Accounting and Infulmation 
Economics. He has k n  involved in different community 
activities. From 1991 to 1997, he was Chairman of the Board 
of the Cooperative Society of Al-Jouf where he was in charge 
of trading of agricultural equipment arid supplies. I)r Al- 
Sudairy was also Chairman of the Conunittee for thc 
Beaiitification and Betterment of Al-Jouf. 

Dr Al-Sudaity has been a Board member of a number of 
organizations and his contributions have helped the improve- 
ment of cultural and educational projects. He brings to the 
Board of Trustees valuable experience in diverse fields from 
the WANA region. 

Full Board 1999 

On 3 1 December 1999, the membership of ICAKDA's Board 
of Trustees was as follows: 

Mr Robert D. Havener 
Chairperson 
625 Regency Circle 
Sacramento, CA 95864 
USA 

Tel: ( 1  -9 16) 487 2837 
Fax: (1-9 16) 978 0870 
E-mail: r.havener@cgiar.org 

Dr Iwao Kobori 
Vice-Chairperson 
The United Nations University 
53-70, Jingumae 5-chome 
Shibuyaku, Tokyo 150 
Japan 
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Tel: (Off) (81-3) 5467 1257 
(Rcs) (81-3) 3816 1025 

Fax: (81-3) 3499 2828 
E-mail: Kobori@hq.unu.cdu 

DF Ali Ahoonmanesh 
President, 
Isfahan University of Tech~iology 
[sfahan, Iran 

Tel: (Off) (98-31) 89 1 310011 
Tel: (Rcs) (98-3 1) 891 3038 
Fax: (Off) (98-31) 891 3 112 
E-mail: aliahoon@cc.iut.ac.ir 

Dr Assia Bensalah Alaoui 
All& des Princesses 
Souissi, Rabat 1Ol00 
Morocco 

Tel: (Off) (212-7) 764861 
Tel: (Rcs) (212-7) 750530 
'l'ellfax: (2 12-7) 760507 
Fax: (212-7) 764880 
E-mail: abaz@onpt.net.ma 

Dr Hassan Al-Ahmed 
Deputy Minister of Agriculture 
and Agrarian Reform 
Hijaz Squxe 
Damascus, Syria 

Tel: (Off) (963-1 1) 222151412213614 
Fax: (963- 1 1) 224402312244078 

Dr Salman A. GI-Sudairy 
P. 0. Box 10071 
Riyadh 
Saudi Arabia 11433 

Tcl: (Off) (966- 1) 482466 114 19605 1 
7'el: (Mubilc) (966-5) 5388001 
E-mail: sasudairy @hotmail.com 

Dr John Cecil navies 
The Stables, Firs Road 
Ross on Wye, 
Herefordshire HK9 5BH 
Unitcd Kingdom 

Tel/Fax: (44-1989)762405 
E-mail: John.C.Davics@btintemet.com 

Dr Raoul Dudal 
Institute for Land & Water Management 
Vital Decostersuaar 102 
3000 I Ruven 
Belgiurn 

Tel: (Off) (32-16) 329 721 
(Res) (32-2) 5828438 

Fax: (32- 16) 329760 
E-mail: rudi.dudal@agr.kuleuven.ac.be 

Dr ismail El-Zabri 
Senior Advisor, DG Office 
Arab Fund for Economic and Social Developrnerlt (AFESD) 
P.O. Box 21923 Safat 
13080 Kuwait 

Tel: (OFF) (965) 4844500-ext (6804) 
Tel: (Dir) (965) 48 15752 

(Res) (965) 25 1 1994 
Fax: (965) 481 5 750160170 
E-mail: ielzabri@afesd.qualitynet.nel 

Dr Peter S.M. Franck-Oheraspach 
Oberlimpurg 
D-74523 Schwaebisch Hall 
Germany 

Tel: (Off) (49-791) 93 1180 
Fax: (49-791) 47333 
E-mail: I;ranck.PZO@grnx.dc 

Or, PZOberlimpurg@gmz.de 

Dr Mouin Hamze 
Secretary General 
National Council for Scientific Research 
P. 0. BOX 1 1-828 1 
Bejrut-Lebanon 

1 (Off) (961-1) 850 125 
(Res) (961 - 1) 739 100 

Mobile: (961-3) 241 630 
Fax: (961- 1) 822 842 
E-mail: harnze @cnrs.edu.lb 

Dr Toufik Xsmail 
Deputy Minister of Statc for 
Planning Affairs 
State Planning Co~nmission 
I>amascus, Syria 

Tel: (Off) (963- 3 1)  5 1 1 1547 
(Res) (963-11) 6112 851 

Pax: (963-1 1)  512 1415 
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Dr Luigi Monti 
Dept of Agronomy & Plant Genetics 
University of Naples 
Via Universita 100 
80055 Porticj 
Italy 

' e l :  (Off) (39-8 1 )  1752056 
775307417'761646 

(Kes) (39-8 1) 776 1646 
Fax: (39-8 1) 775 3579 
E-mail: lmonti @ unina.it 

Dr Michel dc Nuce de Lamothe 
President, AGROPOI.IS 
Avenue Agropolis 
F-34394 Montpellier Cedex 5 
Prance 
'Cel: (Off) (33) 46'1 0475'75 
Fax: (33) 467 047599 
E-mail: denuce@agropolis.fi 

Prof Dr Mamdouh A Sharafeldin 
Technics! Counsellor 
Ministry of Agric & Land Rcclamation 
Chairperson, 
I,ivcstock, Puultry, and Fisheries Research Council 
Egyptian Academy of Science & Technology 

P 0 Box 42, Giza 
Cairo, Egypt 

Tel: (Off) (20-2) 3372 47013366 408 
(20-2) 5723 618/5709 970 

Tel: (Res) (20-2) 3608 939 
Fax: (20-2) 3609 39915735 927 

Dr Adel El-Beltagy (ex-offjcio) 
Director General 
ICAKDA, P. 0. Box 5466 
Aleppo, Syria 

Tel: (Offl (963-2 1 )  22255 17122.3 1330 
(Res) (963-21) 5741480 

Fax : (963-2 1) 2225 105122 13490 
E-mail: A.El-Beltagy @cgiar.org 

Board Meetings, 1999 
Aleppo, Syria 
18- 2 1 April 
21 April 

30th Meeting of the Program Committee 
Nonli~lation Committee Meeting 
Audit Committee Meeting 

22-23 April Extra-ordinary Board of Trustees Mceling 
14 August Nomination Committee Meeting 
15- 16 August 33rd Meeting of the Board of 'l'nrstees 

Washington, I)C, USA 
30-31 October 39th Meeting of the Executive Committee 
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Senior Staff 
(as of 3 1 December 1999) 

SYRIA (Aleppo: Headquarters) 

Director General's Office 
Prof. Dr Adel El-Reltagy, Director General 
Dr Mohan Saxena, Assistant Director General (Ar Large) 
Dr John Dodds, Assistant Director General (Research) 
Dr Mahmoud El-Solh. Assistant Director General- 

International Cooperation 
Dr Elizabeth Bailey, Project Officer 
MI- V. J .  Sridharan, Internal Auditor 
Ms Houda Nourallah, Administrative Officer to the Director 

General and Board of Trustees 

Government Liaison 

Dr Faisal Maya, Director of the Office of Government 
Liaison 

Administration 
Mr Michel Valat, Ilirector of Administration 

Finance 
Mr Suresh Sitaraman, Acting Director of Finance 
Mr Edwardo Estoque, Finance Officer, (Financial Reporting) 
Mr Mohamed Samman, Treasury Supervisor 
Mr Issam Abdalla Salch Abd A1 Fattah, Accountant 

Natural Resource Management Program 

Dr Richard Tutwikr, Program Leader 
Dr Aden Aw-Hassan, Agricultural Economist 
Dr Mustapha Bounejmatc, Forage and Feed Legumes 

Production Specialist 
Dr Adriana Bruggenlan, Agriculture Ilydrology Specialist 
Dr Nabil Chaherli, Policy Economist (joint appointment with 

IFPRI) 
Dr Eddy De Pauw, Agroclirnatologist 
Dr Luis Thiguez, Small Ruminant Scientist 
Dr Fawzi Karajeh, Marginal-Quality Water Management 

Specialist 
Dr Tidiane Ngaido, Property-Rights Specialist (joint appoint- 

merit with IFPRI) 
Dr Thcib Oweis, Water Management/Supplernental Irrigation 

Specialist 
Dr Mustafa Pala, Wheat-based Systems Agrononlist 
Dr John Ryan, Sail Fertility Specialist 
Dr Christoph Studer, Plant. Water, and Soil Specialist 
Dr Michael Zijbisch, Soil Conservation and Land 

Management Specialist 

Mr Wolfgang Goebel, Agroclirnatologist 
Dr Ahn~ed Mazid, Agricultural Economist 
Mr Nicholas Thomas. GIs Analyst 
Mr David Celis, Junior Professional Officer 
Ms Azusa Fukuh. Research Fellow 
Ms Shibani Ghosh. Research Fellow 
Ms Malika Martini Abdelali, Rcsearch Associate 
Ms Trine Nielsen, Junior Professional Officer 
Dr Andrea Pape-Christiansen, Visiting Research Fellow 
Dr Safouh Rihawi, Research Associate 
Ms Josepha Wessels, Associate Expert 
Ms Monika Zaklouta, Research Associate 

Germplasm Program 

Dr William Erskine, Leader 
Dr Osrnan Abdalla El Nour, Breeder Palhologist (seconded 

frorn CXMM YT) 
I>r Ali M. Abd El-Moneirn, Forage Lcgurne Breeder 
Dr Michael Baurn, Biotechr~ologist 
Dr Salvatore Ceccarelli, Rarlcy Breeder 
Dr Mustapha El-Bouhssini, Entomologist 
Dr Stefania Grando, Barley Breeder 
Dr Khaled Makkouk, Plant Virologist 
n r  Ashutosh Sarker, Lentil Breeder 
Dl. Victor Shevstov, Barley Breeder (Tashkcnt) 
Dr Amor Yahyaoui, Cereal Pathologist 
Dr Rajinder Malhotra, Chickpea Breeder 
Dr Miloudi Nachit. Du~urn Wheat Breeder (seconded from 

CIMMYT) 
Dr Bruno Ocampo, International Trials Scientist 
I k  M. Sripada Udupa, Biotechnologist 
13r Rmno Schill, Posc Doctoral Fellow, Faba Bean Breeder 
Dr Imad Mahrnoud Eujayl, Post Doctoral Fcllow 
Mr Fadel Afandi. Research Associate 
Ms Bianca van Donestein, Visiting Rcsearch Fellow (Cairo) 

Genetic Resources Unit 

Ilr Jan Valkoun, Head 
I3r Ahrncd Amri, Hiodiversity Project Coordinator 
Dr Kame1 Chabane, Biotcchnologist 
Mr Jan Konopka, Germplasm Documentation Officer 
Ms Siham Asaad, Research Associate 
Mr Bilal llurncid, Research Associate 
Mr Kenneth Street, Associate Expert 

Seed Unit 

Dr Michael Turner, Head 
Dr Samuel Rockari-Kugbei, Seed Economist 
Mr Zewdie Bishaw, Assistant Seed Production Specialist 
Dr Lalicen Grass, Training Officer 
Mr Abdul Aziz Niane, Research Associate 
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Communication, Documentation, and 
Information Services 
Dr Surendra Varma, Head 
Mr David Millar, Science WriterEditor 
Mr Moyomola Bolarin, MultimediaITraining Material 

Specialist 
Mr Nihad Maliha, Libraly and I~iformation Services Manager 

Human Resources Development Unit 
Dr Samir El-Sebae Ahmed, Head 
Mr Mohamcd A. Hamwieh, Administrative Officer 

(Visitors Services) 

Computer and Biometries Services 
Dr Murari Singh, Senior Hiomctrician and Acting Head 
Mr Awad Awad, Data Base Administrator (Financial 

Systerns)lSenior Analyst 
Mr Chittem K. Rao, Financial Systems Senior- 

Anal ystlProgramn~er 
Mr Michael Sarkisian, Maintenancc Engineer 
Mr Colin Webstcr, Systems Programmer/Network 

Adsnirristrator 

Personnel 

Ms Verity Stiff, Personnel Officcr 

Farm Operations 
l>r Jiirgen Diekmann, Farm Manager 
Mr Hahij Kawas, Senior Horticultural Supervisor 
Mr Ahmed Shahbandar, Assistant Fann Manager 

Engineering Services Unit 
Mr Ohannes Ohanessian, Electrica~lectronics 

Engineer 

Purchasing and Supplies 
Ms Dalal Haffar, Manager 

Labor Office 
Mr Marwan Mallah, Adrnjnisuative and Security Officed 

Consultant 

International School of Aleppo 
Mr Nicholas Bowley, Head 
Mr Anthony Brown, Deputy Head and Head of Secondary 
Section 

Damascus Office, Syria 
Mr Abdul Karim El Ali, Administrative Officer 

Beirut Office, Lebanon 

Mr Anwar Agha, Executive Manager/Consultant 

Terbol Research Station, Lebanon 

Mr Munir Sughayyar, Engineer, Station Operations 

North Africa Regional Program 

Tunis, Tunisia 

Dr Mohammed El-Mourid, Kegional Coordinator 
Dr Abdul Razzak Belaid, Socjoeconomist 

I Nile Valley and Red Sea Regional Program 

Cairo, Egypt 

Dr Nasri Haddad, Regional Coordinator 
Dr Scott Christiansen, International Facilitator 
Dr Abdul Bari Salkini, Agricultural Econornist/Liaisoo 

Scientist 
Dr Heinz Peter Wolff, Natural Resources Management 

Econornist 

I Dhamar, Yemen 

I Dr S.V.R. Shetty, Team Leader 

I West Asia Regional Program 

Amman, Jordan 

Dr Mohamed Habib Halila, Regional Coordinator 

Arabian Peninsula Regional Program 

I Dubai, United Arab Emirates 

Dr John Peacock, Regional Cuordinator 
Dr Ian McCann, higation Management Specialist 
I3r Ahmed Tawfik Mustafa, Protected Agriculture Speciahst 
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Highland Regional Program 

Ankara, Turkey 

Dr Habib Ketata, Acting Regional CoordinatorMrinter Wheat 
Bwcder 

Tehran, Iran 

Dr Muhammed Tahir, Project Coordinator 

Central Asia and the Caucasus Regional 
Program 

Tashkent, Uzbekistan 

Dr S.P.S. Bcniwal, Regional Coordinator 
Dr Mekhlis Suleimenov, neputy Head 
Dr Zahir Khalikulov, Consultant Scientist 

Latin America Regional Program 
CIP, Peru 
Dr Abelardo Rodriguez. Regional Coordinator 

CIMMYT, Mexico 

I)r Hugo Vivar, Barley Breeder 

Consultants 
Dr Ahmed El-Ahmed, Seed Pathologist 

1 Ilr Bassam Bayaa, Lentil Pathologist 
Mr Faik Bahhady, Human Resources Development Unit ' Dr Wafa Choumane, Riotechnologist 
Dr Edward Hanna, Legal Advisor (Beirut) 
Mr Tarif Kayyali, Legal Advisor (Aleppn) 
Mr Ahmed Medhat hbouzeid. Internal Auditor 

, Dr Nour-Eddine Mona, Syrian National Coordiriator 
Ms Isrnahane El-Ouafi, Research r:cllow (OIMMYT) 
Dr Khalil Shaabao, Faba Bean Breeder 
Dr Hisham Tnlas, Medical Consultant (Alcppo) 
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Acronyms 

ACTAR 

ACSAL) 

AFESD 

A1 ,ESCO 

ARC 

13MZ 
CAKDNE 

CUE 

CGIAR 

CI AT 

CIHEAM 

CIMMYT 

CIRAD 

CIAMA 

CWANh 
DFID 
EC 
ESCWA 

FA0 

GTZ 

IAM 
JCRISAT 

TDRC 

IF AD 

IFPKI 

Australian Center for Intematio~ial 
Agricultural Research (Australia) 

Arab Center for Studies of the Arid Zones 
and 13ry Lands (Syria) 

Arab Fund for Econon~ic and Social 
Dcvelopmcnt (Kuwait) 

Arab Lxague Education, Science and Culture 
Organization (Tunis) 

Agricultural 1ieseart:h Center (Sudan and 
Egypt) 

German Ministry for Technical. Cooperati011 
Regional Centre on Agrarian Reform and 

Rural Dcveloprncnt for the Near East 
Center for Development and Environment 

(Switzerland) 
Consultative Group on International 

Agricultural Research (USA) 
Centro Intemacional dc Agricultura Tropical 

(Colombia) 
Ccntre lnten~atioi~al de Hautes I;,tudes 

Agronorniques Mcditerrankcnnes (France) 
International Maize and Wheat Improverncnr 

Center (Mexico) 
Centre de CoopCration Internationale en 

Recherche Agronornique pour le 
Dveloppement (France) 

Center for Legumes in Mediterranean 
Agriculture (Australia) 

Central and West Asia and North Africa 
Department L'or International Development 
European Co~nmission 
United Nations Ikonomic and Social 

Commission for Wcst Asia 
Food and Agricul~ure Organization of the 

United Nations (Italy) 
German Agency for Technical Cooperation 

(Germany) 
lnstituts Agronorniques MCditerranCens 
I~ltematjor~al Crops Research Institute for the 

Semi-Arid Tropics (India) 
Inlernational Development Research Cen~re 

(Canada) 
Internalional Fund for Agricultural 

X)evelopment (Italy) 
international Food Policy Research Institute 

(USA) 

ILRI 

IMPtIOS 
INIA 

INRA 

ISNAK 

IUED 

IUNG 

IWMI 

JICA 

JIKCAS 

N ARS 
NGO 
OPEC 

OKSTOM 

SEWANA 

UNDP 

UNLP 
UNESCO 

WANA 
WANADDIN 

WMO 

Intenlational Xnstitutc of Tropical 
Agriculture (Nigeria) 

I~lterrtational Livestock Research Inslitute 
(Kenya) 

Tnstitut Mondial du Phosphate (Morocco) 
lnsiituto Nacional de Lnvestigacibn y 

'I'ecnologia Agraria y Alimentaria (Spain) 
Institc~t National de la Recherche 

Agronornique (Morocco) 
International Plant Genetic Kesources 

lnstitute (Italy) 
Internatjonal Rice Research Institute 

(Philippines) 
International. Senrice for National 

t'igricultural Kesearch (Netherlands) 
International Soil Reference Information 

Centre (Netherlands) 
Institut Universitaire d l~ tudes  du 

De'veloppement (Switzerland) 
Institute of Sojl Science and Plant Cultivation 

(Poland) 
International Water Management Institute 

(Sri 1,anka) 
Japan International Cooperation Agency 

(Japan) 
Japan Intcmational Research Center for 

Agricultural Sciences 
National Agricultural Research Systems 
Non-Govemomenfal Orga~lization 
Organization of Petroleum Exporting 
Countries (Austria) 
Instirut Franca~s dc Recherche Scieatifique 

pour le Dkveloppcnlent en Coop6.ation 
(France) 

Southcnt Europe, Wcst Asia and North 
Africa 

United Nations Developrncnt Prograrnrne 
(USA, 

llnjted Nations Environment Psogsamme 
United Nations Educational, Scientific and 

Cultural Organization ([:l-ancc) 
United States Agency for lr~temational 

Developrnent (USA) 
United Stares Department of Agricu)turc, 

Agricultural Research Service (USA) 
West Asia and North Arrjca 
WANA Dryiand Dururn Iinprovement 

Network 
World Meteorological Organization 

(Swi t7erland) 
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ICARDA Addresses 
Headquarters at Td Hadya, near Aleppo, 
Syria 
International Center for Agricultural Kescwch in the Dry Areas 
(IL'ARDA) 
P.O. Box 5466, Aleppo, Syria 
Tel.: (+963) (21) 2213433, 2213477.2225112,2225012 
Fax: (+963) (2 1 ) 22 1 3490,2225 105 
E-mail: ICARDA@cgjar.org, WebSite: http:/lwww.icarda.cgiar.org 

City Mre, Akppo aml ICARD.4 lntmatlonal School 
of Aleppo 
Tel.: (+963) (21) 5743104,5748964,5746807 
Fax: (+963) (21) 5744622 
E-mail: ICAKUA-SchoolBcgiar.org 

r)rlm8scu~m= 
Hamed Sultan Bldg., 1st floor, Abdul Kader Gazdri Srreel 
Abu Koummaneh - Malki Circle 
P.O. Box 5908, Damascus, Syria 
Tel.: (+963) (1 1) 333 1455,3320482 
Fax: (i963) ( 1  1) 3320483 
E-mail: ICARDA-Danrascus8cgiar.org 

EGYPT 
ICARDA, 15 G. Radwan Ibn El-Tabib Str. 
P.O. Box 2416, Cairo. Egypt 
Tel.: (i20) (2) 5724358,5725785, 5735829 
Fax: (+20) (2) 5728099 
Telex: (9 1 )  2 174 I ICARD UN 
E-mail: ICAKDA-Cairo@cgiru.org 

IRAN 
Agricultural Research. Education & Extension Organization 
(AREEO), Ministry of Agriculture 
Tabnak Avenue, Evin 
P.O. Box 19835- 11 1, Tehran, Iran 
Tet.: (+98) (2 1) 2400094 
Fax: (+98) (21) 2401 855 
Email: ICARDA@dpi.net.ir 

JORDAN 
ICARDA, P.O. Box 950764, Amman 1 1195. Jordan 
Tel.: (+962) (6) 5525750.5538602,5517561 
Fax: (+Y62) (6) 5525930 
E-nrail: ICNA-~ordan@c~iar.org 

LEBANON 

Beirut OfPice 
ICARDA, Dalia Building? 2nd Floor, Bashir El Kassar Street 
P.O. Box I14f505.5, Beirut, l ~ b a n o n  
'L'el.: (~961) (1) 813303 
Fax: (t961) (1) 804071 
'I'elex: (494) 22509 ICARDA LT: 
E-mail: ICAKDA-b@destination.co~n.Ih 

Terbol Omce 
ICARDA, nekaa Valley, Terbol, Lebanon 

Tel.: (+961) (8) 955 127 
Fax: (+96 1) (8) 955 128 
E-mail: ICARDA-terbol@destination.con~.lb 

MEXICQ 
ICARDA, c/o CIMMYT. Lisboa 27. Apartado Postal 6-641. 
Mexico 06600, D.F., Mexico 
Tel.: (+52) (5) 726909 1 
Fax: (+52) (5) 7267559,7267558 
Telex: (22) 1772023 CIMT ME 
E-mail: CMMYT@cgiar.org 

MOROCCO 
ICARDA, B.P. 6299, Rabatdnstituts, Rabat, Morocco 
Tel.: (+212) (7) 682909.675496 
Fax: (.+2 12) (7) 675496 
Telex: (407) 36212 JCARD M 
E-mail: [CAKDAKT@maghrebnet.net.rna 

PERU 
ICARDh c/o CIP 
Av. La Universidad S/N La Molina 
Apartado 1558 -Lima 12 
Tel.: (51 -1) 34960 1713495783 
Fax: (51-1) 3495638 
E-mail: abelardo.rodriguez@cgiar.org 

TUNISIA 
ICARDA, B.P. 435, El-Meozah 1, 1004 Tunis, Tunisia 
Tel.: (+216) ( I )  232207,767829 
Fax: (+216) (1) 751666 
Telex: (409) 14066 ICARDA TN 
E-mail: IL'ARDA-Tunis@cgiar.org 

TURKEY 
ICARDA, P.K. 39 Emek, 065 1 1 Ankara, Turkey 
Tel.: (+go) (3 12) 2873595, -96. -97 
Fax: (+90) (3 12) 2878955 
Telex: (607) 44561 CIMY TR 
E-mail: ICAKDA-Turkey@cgiar.org 

UNITED ARAB EMIRATES 
ICARDA-APKP, 1'.0. Box 13979, Dubai, 1I.A.E. 
Tel.: (+971) (4) 2957338 
Fax: (i971) (4) 2958216 
E-mail: J.Pcacock-t@cgiar.org icdub@emiratcs.net.ae 

UZBEKISTAN 
ICAKDA. I1.O.Box 4564, Tashkent 700000, IJzbekistan 
Tel.: (+998) (7 I )  1375259, 1375270 
Fax: (+998) (71) 1207 125 
E-mail: CAC-'I'as1ikentOICARDA.urg.uz 

PFU-'I'ashkentQcgiar.org.ua 

m N  
ICARDAIAREA - Yemcn Program, P.0. Box 87334 
Dhamar, Yerrle11 
'rel.: (+967) (6) 500767.500684 
Fax: ( 4 6 7 )  (6) 509418.505538 
E-mail: APRP-YernenOcgiar.org 

Sana ' a 
Tel.: (+967) (1) 4 17556 








